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Abstract: Objective To prepare cardamonin nanosuspensions (Car-NPs) and study their antitumor activity in vitro. Methods The
Car-NPs was prepared by anti-solvent precipitation combined with high-pressure homogenization, and the average particle size and

polydispersion index (PDI) were used as evaluation indexes to investigate the drug loading ratio, homogenization pressure and
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homogenization times and the Box-Behnken response surface design method was used to optimize the formulation and process. The
particle size, PDI and the surface potential of the obtain Car-NPs were measured by dynamic light scattering technology. The obtain
Car-NPs were co-incubated with a series of physiological media for particle size change so as to evaluate their stability in these media.
Dialysis in PBS was employed to assess the in vitro drug release of Car-NPs, and in vitro cytotoxicity of free cardamonin and Car-NPs
on human hepatocellular carcinoma HepG2 cells and mouse mammary carcinoma 4T1 cells were determined and evaluated by the cell
counting kit-8 (CCK-8) analysis. Results Poloxamer 188 (P188) was screened to be the best stabilizer, the optimal formulation and
process parameters was as follows: the drug loading ratio of 4:1, the homogenization pressure being 65.37 MPa, and the
homogenization times being 11 times. The prepared Car-NPs showed an average particle size of (198.5 + 5.4) nm, a PDI value of
0.191 £ 0.020, a high drug loading content of (62.54 + 0.13)%, a high encapsulation effenciency of (95.65 + 0.26)%, and a uniform
spherical shape under transmission electron microscopy. Car-NPs were quite stable in PBS, 5% glucose, normal saline, and artificial
gastroenteric fluid, and thus meeting the requirement for both oral administration and intravenous injection. With 0.1%
polyvinylpyrrolidone (PVP) as the cryoprotective agent, Car-NPs could be easily lyophilized and reconstituted into nanoparticle
suspensions with nearly unchanged particle size, thus convenient for long-term storage; Car-NPs showed a bi-phase drug release in
PBS, and the release process was in accordance with the first-order release equation, the cumulative release rate reached 76.49% within
168 h, while under the same conditions, the cumulative release rate of cardamonin physical suspension was only 22.65%. The
nanosuspensions significantly improved the killing effect of free cardamonin against 4T1 cells (ICso, 113.2 pg/mL vs 33.89 pg/mL,
P <0.001) and HepG2 cells (ICso, 126.4 pg/mL vs 52.94 ng/mL, P < 0.001). Conclusion The Box-Behnken effect surface design
method was used to optimize the formulation and process parameters of Car-NPs, and the nanosuspensions technology effectively
solved the problem of poor solubility and difficulty for the in vivo drug delivery confronted by free cardamonin, the obtained Car-NPs
were convenient for long-term storage after lyophilization. The nanosuspensions improved the in vitro release of cardamonin and the
inhibition on tumor cells. The oral administration of Car-NPs was expected to improve the bioavailability, and intravenous
administration was hopeful to enhance the drug distribution in tumors on basis on the well-known EPR effect.
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2-4 LD Plus fIRIRHTHL, #8E Christ ARAH;
RMCOI8AC S MmE 774, HA Sanyo A¥l;
JEM-1400 iZ5 BF Ase (TEMD, HAH RN
2%t Tecan Infinite M1000 PRO £ ThEEREAR{Y, /7
TR A A PR /A F); UltiMate 3000 7= 207K AH
A, FEERRIHRBHEA R A .

NG GEBR IR, R B 98%, it S
C58635E93, g ZAMAIRAF] s /NS ik B 5k
2, JRENH 98%, fit'S 20220715, LiE&EAY)
REBERAF; 44EFK E B ZHIRHARE
(TPGS), gl RAEMARA R R it HL 6%
L 2.1 fe-2% £ 1% 2000 (DSPE-mPEG2000), 1l
RISTEAVEIRA T JHIEIOE 188 (P188), Sigma
ANF RSN (SDS), P82 KA IR
HAHRAA; ROIEMELEE (PVP), JTL8RHE L
)y ZEERE, AL EIEAER AR A A
Bt FEERARAA: HER, JLRREER
FAERAR; GREAER, BiEHEEEMREERA
Ay SIS AN ZE TR, R oy
Hral, T E E 2R ERFIE R AR .

NRFLIRSE 4T1 400 A e HepG2 41Mf, b
PRI EE 22 B4 7ROy s RPMI 1640 15773 . DMEM
Braedt, MR IE . HEEHER NPT, EE Gibeo A
")y 96 FLEH G TR, & E Corning A7 .

2 HESH#R
2.1 Car-NPs H%I&

W/ SR B 4 5 AN A AR E R (P188 .
TPGS. SDS. DSPE-mPEGao0) PA—5E i EL 3 3 [A]
W RET, fEBF&LE (25 C. 250W) ', 2
IR LB FIKF, 35 C R BUEIEZER %
PR, mESREIR, BIfS Car-NPs VR & -

25 [ /0N K2 58 B RO AR R RV ) % o
22 NEFERAEENE
221 KSR PIE K] RS S HL Car-NPs TR &
W1 mL %2 25 mL 2, A 10 mL FEE, #75

5min AR Car-NPs, B R =, TEER2Z
&, B8 Car-NPs 8 5B o

222 WHESRVEMRITCH] R PRI 5 WG R
i 10.0 mg, BT 10 mL £, FEFFEHFINE
ZI5, RIS R E N 1.0 mg/mL (1)5%F IR A
223 %A BB Venusil XBP Cis (L)
(250 mmX 4.6 mm, 5um); BN HEE-K (75 :
25); KGN 343 nm; AR &N 1 mL/min;
FEIROA 25 °C BEFEREN 20 pL; FEREEACE LN G
5 WITHEAMIK T 10 000,

224 LIEMEFE 4RI G RE I
Car-NPs B2« 7 HAVKRLEW, 1T 0.22 pm FlFL
JERE, 7E “2.2.37 TURN (i & FdHT HPLC A2 .
I 1 AJA1, Car-NPs V&R -5 %) I8 s i e AH [F
i) 0 (7.67 min 247D, 25 FAGNARRLRE i VR
B REER A 0 ek =LY S TR S AN 4N b
T

225 ZMEXRRFER HKERIORSERESE,
FH FRBERR R, 43 ) TC 1) Je o BV B 4 3l 0,25
0.50. 5.00. 10.00. 25.00. 50.00. 75.00. 100.00.
200.00. 250.00 pg/mL [/ S 5Z BT R fis il 4%
HR“2.2.37 T2 AFEREI 2, 20 e U T .
DUR B AR FR (X)), WA ARE (1),
HATEMERA AT, BEIATRE Y=1.877 6 X+

N
A
ANERE
B
C
0 2 4 6 8 10

t/min
1 NERERXEES (A). Car-NPs EEi& (B). =AM
HKHL (C) B HPLC
Fig. 1 HPLC of cardamonin reference substance (A), Car-

NPs suspension (B), and blank nanoparticles (C)
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2.067 4, R2=0.999 6, Z5FRI/NEREIFLE 0.25~
250 pg/mL SR ZMEOC R R IF .
22,6 FEEERK HUE. . K (250.004 50.00+
0.25 pg/mL) 3 /5T 5 B2 1Y) /)N 52 B HE VAL
& “22.37 WU EAIEFAE N ESLEERE 6 IR I
ELEREIR, m P R EIRE T/
FL RSD 435N 0.34%- 0.98%- 0.67%, 45R%E W
SR 5 P R
227 FeEtEilEe  HUE—HEE TR, IS E R
W, ~PATHIE 6 il s, 70T 04 2.4 4.
8. 12. 24h, %M “2.2.37 W N il bk,
/N REIE TR RSD N 1.44%, #F W Car-NPs
(R T4 B S I VR FE 24 h W ARUE PE R I .
2.2.8 EEMHRK %M “2.2.37 WK HEFATH
7% 6 1 Car-NPs IR T4t w43 eI e .
M5 25 R R, /NS5 o & B2 RSD N 1.81%,
Rz vE B R R AT .
229  JNFEEISCRIRES  HU Car-NPs [¥T-H A
9 4y, AN 0.5 mL, A BIIIN /IS 5258 HA 6] B
%W OREWE N 1 mg/mL) 3. 5. 7mL, #|%
PRSI . B A A “2.2.37 TR i
ZAFE /NG EH S B IR E R R SR ER,
/NELSE B TS IR [FT U 3RO 100.45%, RSD K
1.23%.
23 HEHRSW

DL 15 2 Car-NPs [T HKi4E . 208 R
% (polydispersity index, PDI) DA K ¢ HAAL AP 15
bR, WAL T 2T RN R,
231 fEsME 2KLL TPGS. P188. SDS #i
DSPE-mPEGaoo0 AFRGE ], £t 101, 4
JFUEIRE N 1 mg/mL, 60 MPa | E )R 10 K,
IS R IS B AN A R e X Car-NPs (6L
& PDI FI ¢ LT AIREM . S5 LR 1, P188 NEx
SE ) Car-NPs fif28¢/N. PDI e, X Af
Aeli A2 P188 MIE RAIPHALN A K, 15 HAE
/N RS YORIR R A — B, MuUs4kik

#z1 REFFHEMFE (X£s,n=3)
Table 1 Screening of stabilizer types (X +s,n=3)

% P188 M2 E 4% Car-NPs.
232 ZAYIEIKRE UL P188 AFRER, Al
N1, AR EIRIEN 2. 4. 5. 10 mg/mL,
60 MPa R34 10 4k, @i R F IR0 % 52 4
YR B X Car-NPs [fki4%. PDI {1 ¢ HALIY
S (3R 2). G5 RRINZY) R EIREN 2 mg/mL i
#1145 1) Car-NPs #1421 PDI 515/, ¢ AL i,
K259 i w iR P A R AR Y AE 250 nm LAPY, {H PDI
ALK, T BR 5 R 244 o A FE PR B sz 1
BARXT AL .

w2 HMRERENENE (X+s,n=3)

Table 2 Effects of drug concentration (X £ s, n=23)

25 B/

Hr iz /mm PDI ¢ FAL/mV
(mg-mL™")
2 192.843.9  0.190+0.029 —19.7%0.1
4 2274426 0.266+0.013 —18.240.3
5 1925415  0.317+0.022 —18.940.3
10 1784437  0.333+£0.034 —16.7+0.9

233 W SREFIHERS DL P188 ANEUAK,
] 5 25 24 R FE O 2 mg/mL ) Car-NPs, T 60
MPa T E35R 10 K, 8 5 25 5050 5 22 25 9)
SRR BI%; Car-NPs Hki4%. PDIEA ¢ HL
Rrfsem (3R 3). BEAE 28 LA AR {, Rifs
PDI E2 447, 425# kM, PDI WH/IMA
KRR, EEL 501 MR Bt
i, WOk ERZGEL 5 0 1 HSRJE S AT

234 HFES DL P188 MK, WA Rk
FEN 2 mg/mL. #1001, EAFREE T
(10. 30. 90. 100MPa) F, L 10 ¥k, @itk
PR ARG GEAN [F] 38 5 e 7% Car-NPs FRIRIAR |
PDI BT ¢ LIS (3R 4). Bl ¥ K 7 (1

*3 RENSHYAELGIMEN (X+s,n=3)
Table 3 Effect of ratio of stabilizer to drug dosage (X * s,
n=3)

FRE Hif%/nm PDI ¢ A7 /mv
TPGS 268.0+11.7 0.240+0.035 —-14.2+0.8
P188 197.0£9.7 0.203+0.049 -19.7%0.5
SDS 259.44+15.1 0.2094+0.033 —20.0%+0.1
DSPE-mPEG2000 336.1+4.9 0.283+0.038 —13.4+0.3

2 $if%/mm PDI ¢ HAL/mV
1:1 288.5+3.0  0.138+0.030  —23.240.3
2:1 246.0+3.7  0.139£0.030  —18.840.2
301 2509422  0.147£0.022  —18.540.6
5:1 1955+1.7  0.196+0.068  —19.240.6
6:1 2277459  0220%0.007  —14.6+0.9
701 2079409  0240+0.056  —14.3%0.5
8:1 283.9+54  0.158+0.034  —15.0%0.8




FED 2023F3H $543% B5H  Chinese Traditional and Herbal Drugs 2023 March Vol. 54 No. 5 . 1423 -

x4 VIRENHEME (X+s,n=3)

Table 4 Effects of homogenization pressure (X s, n=3)

x5 HIBRBMIEE (X+s,n=3)

Table 5 Effects of homogenization times (X = s, n=23)

BIFEIEF/MPa kif%/nm PDI ¢ AL /mV BRI E Hr i /mm PDI ¢ FAL/mV
10 402.1+123  0.28740.008 -17.7+0.4 5 2274435  0.287+0.008 —17.7+0.5
30 255.6+4.7 0.27740.072 -18.6+0.9 10 199.64+47  0277£0.072 -18.6+0.4
60 1974435  0.32540.055 -19.5+0.3 15 1574435  0.325+£0.055 —19.5+0.5

i, Car-NPs RifE0k/)N, JE 774 60 MPa B RiA2HE /N
HAaARty—, ek, FrisgiKRp bz
WA Vel /IME 20 A7 TE FE RS N, 7 100 MPa I, RifE A0

PDI BH RN, X 7] RE J A2 5K i34 U 0K
Car-NPs 45 #2448,

2.3.5 BIFRREL DL P188 NI, W) EIR
JEN 2mg/mL, Z5E LN 1 1, YUK 718 60 MPa,
SRR 5. 108 15 %, I8 R RIS E AN ]
PIJFIRENT Car-NPs [1Jkif2. PDI BN ¢ BT R

241 Wil HE Ll P188 NEERIHI N Car-
NPs, HIT258th. ¥ ) K3k #on Car-NPs
FIsem N 4%, KR F Box-Behnken 50N [H7E
X Car-NPs &b 77 AT 04 LLZGELE (XD %
71 (X RIBFRE (X3 NAZE, DFSRE
(Y1) J PDI (V) NEEIEM RIS, BTS04,

2.4.2 AR TG ZEp ROR E RS DL Box-
Behnken Wi AL T ZE 252, HEKF L

7&% LR LR 6. K H] Design-Expert V8.0.6 # it
ITEF G . Y RAEAWRNAE, X\ X2y X3

W (32 5), ARG 2B EBE N, Car-NPs (] 7'3 HACE, @M 2 KEVETFEA Y1=667.95—
REARIEHT ) T HLL IS AT 1 v 16.69 X1—6.311 X,—41.006 X3—0.267 92 X\.X,—
# 6 Box-Behnken XM IRIT54R (n=3)

Table 6 Experimental design and results of Box-Behnken (n = 3)

F5 Xi XoMPa X3 Y/nm Y» |F% Xi Xo/MPa X3 Yimm Y» |5 X1 Xo/MPa X3 Yi/nm Y»

1 201 30 10 203.6 0.266 7 2:1 60 15 1988 0232 13 4:1 60 10 285.1 0.143
2 611 30 10 3423 0.189 8 6:1 60 15 2695 0230 14 4:1 60 10 2594 0.141
3 201 90 10 340.7 0.246 9 4:1 30 5 210.1 0332 15 4:1 60 10 259.2 0.132
4 6:1 90 10 283.1 0213 10 4:1 90 5 190.1 0311 16 4:1 60 10 316.6 0.151
5 201 60 5 2419 0347 11 4:1 30 15 2478 0.194| 17 4:1 60 10 319.8 0.147

6 6:1 60 5 196.7 0268 12 4:1 90 15 2999 0.233

1.072 5 Xi.X3 — 0.064 833 XoX; + 5.664 38 X2+
0.062 286 X22+2.186 3 X32, R2=0.9844, P<<0.000 1;

Y,=1.162—0.132 14 X;—6.863 3X1073—0.086 855
X + 1.833 33X107% XuXo + 1.925X107° XiX; +
8.333 33X 1075 XoX3+0.011 244 X2+ 4.525X10°°
X2+3.259 X103 X2, R2=0.9888, P<<0.0001; %
REHEHR R 0BG R AR50
AR ) = 4P 2 FTm o Yo A2 PR g oKk i = 22
fabr, BRARM QAR R A R AT RE/INETRLAR AR K
PR SEIR L RS 2808, RIS B A 35150, AR
e, Hf&WERENRE S, B, mERITE
%M Xi=4 11, X,=6537 MPa, X;=11 X, T
MF-¥ki4% R 194.8 nm, PDI A 0.187.

243 TZUF RIEAE AT T 204% 3 4t

Car-NPs, “F¥kife AN (198.5+54) nm, PDI N
0.19140.020, WK 3; HERMmBIEHES, 2RI
Fe et 5TIE T ZAH 22N T 5%, T B ZAR Y
AERERAF, PERAR, T TATT T2k
2.5 Car-NPs BI5P LS

Car-NPs MWL B, TPTIE A B ORI A7
£ (B 4-2). KH TEM M %Z Car-NPs LS. 1
% Car-NPs 7R _F, H 2%BE SR 44t 5 min.
FIR M T, E TEM N4, Car-NPs &
BRI, KANDARRAIE], K2 BTERERM
FEINE (EH4-b),
2.6 Car-NPs IR EME R
2.6.1 JHEREMNFEL KHlKLF K Car-NPs T %
25 CHCE, e 15d NRTRiAEZE . 4558 Car-



- 1424

FED 20236F3 8 $54% B5H  Chinese Traditional and Herbal Drugs 2023 March Vol. 54 No. 5

120

7|' 0.40 ]

PDI

60 .
40 Xo/MPa X

.6.
i "
s ©
/ ®
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/
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3 Car-NPs BIRIZ D HE (n=3)
Fig. 3 Size distribution of Car-NPs (n = 3)

El 4 Car-NPs UZHIRE (a) FIBSTEBEERRE (b)
Fig. 4 Photo (a) and TEM photograph (b) of Car-NPs
NPs 7 15d WHARZBWE/N (R 7), Car-NPs ZEif

TRE 15 d WRARBCNFRE »

2.6.2 TEAEFAFRARIREESE R Car-
NPs 1 mL, 5 2XPBS (2 5K E IR Hh 22 i iR
i, pH7.4). 1.8% NaCl ¥AHAT 10% ] 2 H A 7 5
RFRVRE, B3IZE5 ) Car-NPs ) 0.9% NaCl /&R -
5% 1 & BEV AN PBS W SN T HW N TR
FAARALE 1 2 4784, 37 CHEE, 407E 0. 1. 3.

160

0.40

0.25

PDI

0.10

60
55 Xo/MPa

2 BETESHNEN=HE

Fig. 2 Three-dimensional plot of independent variable and response values

®7 EERMERELHR (X+s,n=3)
Table 7 Particle size transformation of Car-NPs when
stored at room temperature (X £ s, n=3)
id FRARMm | gd SFRARMm | gd SRR /am
1 197.7+1.4 7 207.8%1.1 |13 2123%09
3 2045%13 9 2052+13 |15 207.7x2.1
5 2008%*13 |11  209.5+2.0

5. 7h [A] SRR T3 RiA% S PDI AR422), 2521
T2 8, A% Car-NPs 7£ PBS . 5% % ¥ . 0.9%NaCl .
FMANT BRI E 7 h J5Fk42 M PDI A4k
BN, WA B BUTATVEM BT IS, Wil Car-
NPs 7EiX 44 2R i i As e PR LF, Car-NPs B(A] LA
WK PBS. AEBEEER K. 5% & MBI, N Car-
NPs {445 24 L 2 K4 - 5256 i) £ 1) Car-NPs
ENT B P ESRE 7 h BRI R R RE W
RIER, W RS Z %A, NHEE Car-NPs )
FAR A= F1 F FE SR L PT e

2.7 BMmMHER

271 ZAMREIFIRECH] R K R 4 1 3500
r/min &0 (BO0¥4E 9.8 cm) 10 min, £ Fik.
2N ITIE ] 0.9% NaCl 3 iR T e3¢, 3500 r/min
Bl (B0F4% 9.8em) 10 min 255 HiGW, EE
2~3 %, HZE HIELEE. 5% 0.9% NaCl ¥
TV 2 VT AR B R 4% PR 21 4 B
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#F= 8 Car-NPs EAEIEBNFRFHRETN (x£s,n=3)

Table 8 Characterization of Car-NPs particle size transformation in different physiological media (X £s,n=3)

FHRLZ/mm PDI
AR
1h 3h 5h 7h 0Oh 1h 3h 5h 7h
PBS 199.242.7 206.3+1.8 203.24+2.5 215.742.8 211.9£2.8 0.158£0.013 0.15940.012 0.167£0.022 0.1560.014 0.15340.023

5%EEIRE 203.4£2.0 198.6+0.6 200.0+2.4 209.5+1.6 212.8+1.9 0.153+0.014 0.23040.016 0.193+0.017 0.196%0.016 0.191+0.012
0.9% NaCl 206.91+1.8 199.9+4.7 205.1+2.4 202.1£2.6 216.0+3.8 0.183+0.011 0.152£0.005 0.214£0.014 0.210+0.013 0.168+0.024
AT HH 206.8+1.8 197.0+2.0 203.14+7.9 214.2+1.2 211.3+1.8 0.177+0.012 0.219£0.007 0.179£0.011 01.74+0.016 0.18540.010
ATl 202.8+1.8 210.31+2.6 205.742.2 199.1£3.0 216.5+2.7 0.198+0.015 0.215£0.017 0.241£0.011 0.177£0.009 0.23340.017

2.7.2 Car-NPs JFIPEMFESE K Car-NPs H—i&
W PE (/) NaCl V8 1 555t 234 B2 73 701 9 2.00. 1.00.
0.50~ 0.25 mg/mL AR KB, WEBRY
ST YA M BV AARRR LG 10 1 (LT 4 2R BE Sl 2% )
BAJG 37 CHEE 4h, 3500 r/min &0 CGEO4E
9.8 cm) 5Smin. /55 AVETRAL FIES] . RIS
FABGHRAYAE 540 nm WIBOGREE (4D fl, B—REK
FETATSEEG 3 70, LL0.9%NaCl %S ARHE, DL
TRACHBHPEXT R, THEA IR, 7 % B R iR S
BALE R R 9 Fior.

VMR =1—A s/ e

39 Car-NPs NEJREREWAME (X+s,n=3)

Table 9

concentrations (X £ s, n=23)

Hemolysis rate of Car-NPs at different

JR AR/ T ILR/%

(mg-mL™") Car-NPs NGE AL
0.25 -8.57£1.25 5.78£2.32
0.50 -4.39%1.51 22.01%£1.51
1.00 4551143 55.56£1.24
2.00 24.33+1.24 72.45+1.75

iv 45 25, GOKTR G BV MR AT 5%.
L9 A LUEH, /N IHERAE 0.25 mg/mL B
MAREAL, (H4Z59)REIRBEEIEM, ¥ M2 AN T
AR, 15 2mg/mL i, IR &N 72.45%, XA]
fefe T /NG RE IR IR R, & H MR K 45
Grid NI BAR EAE R, (AR sk )~
Bée T A A58 45 A O B B ot AR T 43N e
5t B 1) 2% KRB RS, 2 mg/mL BV R R
B2 24.33%, TEZYIEIKEMT 1 mg/mL B 5%
AN X P REAE BTN T R B i AL TE P188 B
BRI SEIE R G AZ 2, BT P188 AW
BRI LT3 A A%, R Car-NPs
FIA MR ARAK . % Car-NPs, fEAET 1 mg/mL i

FEAH L v R ER .
2.8 HASMEHEMNNE

¥ Car-NPs ARG OL T BHR T, L
EEFEEREREN W, IMAGTHT 10 AR
HIRE R0V (AR 1), 13 000 t/min B0 (B0
42 9.8 cm) 10 min, HUEJERAE “2.2.37 Titaik
FATNENEEPR SR (O, BT TR
iR,

BeRE=CViw

KB BN G R P188, 4% BRI b7 T
2l %% Car-NPs, EZ (Vw), WEFEI 2mL (Vw),
LR B AH T 2 1B R 3000 [ IE B O TE 6000
r/min FH# FELO (BOF42 9.8 cm) 5 min, 4
JEW, AE “2.2.37 TUETE AR 2 g I A
SREMEEE (Cuw). RIEHRZE ), HHE
BRI 10 S5 R A1, Car-NPs HIEZGE N
(62.54+0.13) %, HWHEHEN (956520.26) %, =H
SYERE, BB AYHA RO BB R .

AER=1—CupuV /W

# 10 Car-NPs MBHEREHE (xts,n=3)
Table 10 Drug-loading rate and encapsulation efficiency of
Car-NPs (Xt s,n=3)

itk AR/ % BEE%
1 62.8710.12 94.87+0.22
2 65.51%0.13 95.51£0.23
3 59.25+0.11 96.56+0.34

2.9 Car-NPs FETFRIP5THiE

HU 1 mL Car-NPs #4518, A 1 mL &+
KEWH, WEEFHOHIFRNRAE. 5% 1 mL
Car-NPs T-POMIEH, 735000 0.1%0) PVP. i % §E |
H BN ZFRAR TR, BT, T8
TN 1 mL LB FRKIRBER, BERHUED .
R, WS ARIG L, e RT ST E RRRAR
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6o G5 RUE 11 fi7s, Car-NPs EHAT RN 28
TK, PREERIATEE, (ERARBOR HorAidse. A
0.1% PVP T IRA I, R SV B Al R 47 77
ke, RN RILH RAFHT PDL, R A 2 7
R E RS, RMETRHZEA K #iEH 0.1%
PVP 2y Car-NPs [ 10457
F 11 Car-NPs REVRTFRIPFIFFIE (X£5,n=3)

Table 11 Screening of cryoprotectants for Car-NPs (X + s,
n=3)

G PEIRZ/mm PDI ¢ HAL/mV
7 4464+13.9  03184£0.011 —20.2+04
0.1% PVP 207.746.7  0.171£0.028 —19.240.2
0.1%H%HE  366.9£6.6  0.322+0.019 -17.5+0.2
0.1%HFErE  375.5+135 029140024 -17.3+0.3
0.1%F % HE 68022283  0.575£0.052 —19.8+0.6

2.10 {RINEERL
K EMTIEHZE Car-NPs [IAA SN 231,

HY Car-NPs. /)N 5758 B J5URL 2 ) BV B (o3BT
0.5% CMC-Na 1) EF7K) % | mL T8 & A 5>
TREAN 8000~14 000 R ZLEHNT L8, 13 000
t/min HiEFEFXF 50 mL 7 0.5% % 1LZLHE 80 i) PBS
T, BEEECTAT 3 40, B 24 /NI EE 4R 1 IR
AN 43T 050 1. 24 4. 8. 124 24, 36. 48.
72+ 96+ 120 144, 168 h L 1 mL B4, 13 000
r/min B0 (BEOEE 9.8 cm) 20 min, U EJFLL
HPLC Wl ZiPi Sk, THE BB CE . RN
A FEAHRARIR 37 CRIBEBN i . S5 R Bl 5 B,
Car-NPs 7E 7 0.5%% 111341 80 1) PBS (pH 7.4)
SRAHRERL, Joad 12h WPSER, RERECRIA
52.85%, SRJEHE 12~168 h WZEIERI (BB
ik 76.49%). MisEMFEIRIKGET, /NG E 5

80 1

60 7
S
& 40
o
HM'\' 20 -

- NEREYIE (DMSO)
01 =4 Car-NPs

o 48 9% 14
t/h
5 Car-NPs {FSMERENZ (X £s,n=3)
Fig.5 In vitro drug release profiles of Car-NPs and the CAR
physical suspensions (X + s,n=3)

BIZGREARH 2812, 168 h BB 22.65%.
CIBNCUNER AL SR p SRS SR E - = 2]
YIRS, R ARR AR T i MmN S R IR
HIFIEE o

3 Origin 2021 8%, Rl NHEFH I —
ZJ7 R Higuchi J7FEX/NE5EH] [z Car-NPs {114
SMBETAT AT A (3R 12), AT AN G EHI R Car-
NPs BRI & —Hsh AR . e 7 =%
T B WA ] 7 TR .
* 12 /NEFEFAF Car-NPs 2 5I7E PBS TASMEREIHLE
712
Table 12 Fitting equations of in vitro release of cardamonin
and Car-NPs under PBS

FE b TR AR R?
N BRI 0=12.544+0.087¢t  0.668 0
*éﬁﬁﬁﬁl Q: 1 _e2.61 1+21.94 0.976 6
Higuchi #i% (0=9.288+1.376¢" 0.5679
Car-NPs  FZRIK 0=29.744+0.374¢t  0.7655
42)&*%55[ Q: 1 _670.105 1+73.586 0.990 3
Higuchi B 0=16.8945.692 12 0.804 5

2.11  {RSMARRE I

1AM F: HepG2. 4T1 4 2= 5400, $% 6.0 X
103/FL 40 25 B e T 96 FLARH, 37 C. 5% CO»
B RIE 24 h Ja, o A G AR LS
DMEM £577#3 (HepG2 40fii). RPMI 15373 (4TI
4if) ¥ Car-NPs. /NEER DMSO i (2.4
mg/mL) Wi FE R /NS 5% 100.04 50.04 20.0+ 10.0.
5.0. 2.0~ 1.0. 0.5, 0.1 pg/mL FIIER, FE4L 200 puL
IIAZE] 96 LA, 25 FORHRAH USSR A &
FR4- 175 ) DMEM. RPMI £5 553, AN EIKE
AT 6 L, 18 24 ho B 5 AL CCK-8 1)
R 10 uL, 1E37 ‘C. 5% CO, 7258 E 4 h,
AR 23 Z% 10 min, BEFRIX 450 nm AL H:
W HGEE (4D {E, HI GraphPad Prism 7 #4012 40
il & (half maximal inhibitory concentration, ICso)
{E[B]o

UMD = (A i — A 92)/(A s — A 1)

T BOATF £E-8 (CCK-8) Ml 5 H1FAh
/NS5t BH I B 20 M Car-NPs % HepG2 4 i
AT AR MR . 45 R0 13 Fo, Arf
B /NG RE B e Car-NPs 2H B2 B 41 2 #0525
BRI B, AR EIE A R
(s AR . 7E 2~100 pg/mL JR EIKE T, Car-
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# 13 Car-NPs #I/NT 3R (DMSO) Xf HepG2. 4T1 £0ff
HERHNEIER (X+s,n=6)

Table 13 Growth inhibition of HepG2 and 4T1 cells by Car-
NPs and cardamonin (DMSO) (X s,n=6)

HepG2 21 a1 2/% 4T1 A0 2/ %
IR B ——— —
o NEEH ANCE A
(ugmL™" Car-NPs Car-NPs
(DMSO) (DMSO)

0.1 1.53+0.69 1.124+0.35
0.5 4444+0.87 581%0.54
1.0 6.6610.82 9.78+0.03
2.0 9.9440.74 13.04+ 121" 8.45+0.58 16.99+0.18"
5.0 13.4+1.41 1945+1.45" 11.1440.69 21.75+0.26™"
10.0 17.6+0.99 23.10+0.96™ 15.51+1.14 27.62+1.23™
20.0  23.15+1.00 34.15+0.41" 26.78+1.06 39.67+0.59"
50.0  27.78+221 43.784+2.33" 32.22+1.44 54.14+1.03™
100.0  52.20%1.34 69.20+1.48"" 53.11+1.36 72.30+0.57™"

5 RPN EREY (DMSO) HLkH: "P<0.05 “P<0.01
*P<0.001

P <005 P <0.01 P <0.001 vs the same cell group of
cardamonin (DMSO) group

NPs 12 7R H el 88/ G RE B 2 B 2 s AR B 1
R (P<<0.05. 0.01. 0.001).

83 GraphPad Prism 7 #4015 7 /NG 2 BH A1
Car-NPs [1] ICso HIZkH1HHAF R ICso fH. /N 5EH
B Z3H%F HepG2 A A ICso fH°N 126.4 pg/mL,
1M Car-NPs %} HepG2 4l AufER TR 1.39 %
(ICso EPER] 52.94 pg/mL); /N 57.5% B BS 250 %k
AT1 201K ICso 18 N 113.2 ug/mL, Car-NPs %} HepG2
Y i R 5 3R 2.34 £ (ICso fEF& %] 33.89
ng/mL) o 3X AT {8 J5 R & 9Kk T Re i @it e S
W B 25 22 b ids 2 R R AR B 3R TR AR M ELAE R, JF
T I B ) SR A AR MR, TR 2 N
Jiev R 20 . P 0 e 4 24 R 24200,

3 g

NG ERR M T K, TR B TR AR R 2
FAF FRIEAMRZT, A BRI AR TR R 29
Be i, 4n/) &5 B 5 B R p iR RTEL CMC-Nal2SIf#47)
HRBECH] . B TYERER TR, —BAE
0.5~10 um, fEFLAPIRRITEE 5 REE, 24P HM
W Ete . AR, H R BB RS, 5/ Gk
B %) A 0 00 FH RE ARG, BRI 1 /)N S5 B DI R S

AW TR FH SO 2 R BE S RSB 7, B
P188 Nt E S, Ihhil4S T Car-NPs, 45/ 5%
BB AR AT B B 0 s . ACSIZER SR FH AR 57

0.17£0.11 1.14%0.76
22010.66 4.48+0.09
5574£0.62 9.63%£0.76

P188 Jy FDA itk ml S bkiE 4 Ot RL,  HARBR S
5, AFNPRTERRBILIRY, AR BRIk 73R
10, TR IRIAIRE, FEAG AR 15 L SE I F 3R 2R
M A R IR E A

T NPs A& e — M A TER R, K

E 2 HIRARA R RERZIUEEFENR, M

PRT BRI RERE NPs HOZE# LU A 30« VR &5 [

7, AT 3 J AT I TR A i P T PNk =

Car-NPs L 1%) PVP R4 55T Ja AT KR AF »

R ERAR LT AN, FRIH R A0 N R S5

JRAI W] e PVP KM 7015 AEGIR KL ] T

BRI BE B A AR, ELAS RIURE 5] F0 6 B 24

FERT AR PVP SEFEGKRL AT, BHAE T 9K

FOURL (1) SR ANREBT, A Glfr 22 1) S5 M )A€ o
/NG E W £ ) Car-NPs J&, T ELR AN

(RO SURIIG N, 20 RV SRR T P DR P2

AN S IR R B Car-NPs 18 m T /NG5 W

ST 4T1 Z0HF1 HepG2 4RI AGIER, FEMR

PRI AT gt NPs ] DU PO s E A SR A A LR

ENSFHNT. ERRIENSEZ MR SR

MEAEM, SRR, Rtz sh, BLP188

NEAH] Car-NPs A GE A 24 475 0L 135 B I

8], SEILAR AR, I3 im0 e 240 PO 48 1)

P, AT 2RI L AR 24 B i ) SR A 0 4 P
25 EFTIR, Car-NPs i 4, 1/ 5w B AE

AKAH 25 B R B 3R B 10 mg/mL (J 24 i

JE<2.7 pg/mL), [FIiHE po 52581 iv 45245114

K, AR T H A LS 20 . AT A

T RE AT O AR DL AR AU 5 AT 7T

N NEEM AR BT B R P2 7 254K E, BN

HARAWTTT, JCHAEGU IR W FUR 250t A 7 T B2

5E FEAit o

HBAHR AN ARG LEA SR

SE R
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