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Mg E A& (CTD-NLC) 4bJ7 T, MIMFRHEE RN IE B m . 5% AT #02H % CTD-NLC, #Air
BRI E AR E, DOFRE. BAEah (20888, PDD. Zeta HfL. BB RGHRAENELEIR, RALKER
55 B R Th-R%E (CCD-RSMD 4k CTD-NLC B4 77 122, 276 kR EVFN e br S5 F 3R M B 7 72, X4
HITREHAT I 250 HT, ROE TR R AL 7T . 8E5R  RALJEH CTD-NLC 4077 2. R EA 453.66 mg. [R5
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Optimization of prescription process of cantharidin nanostructured lipid carrier
by central composite design-response surface methodology

NING Shuang-cheng, ZHOU Li-li, WANG Min, ZHU Kun, ZOU Man-shu, XIA Xin-hua
College of Pharmacy, Hunan University of Chinese Medicine, Changsha 410208, China

Abstract: Objective To integrate the toxic component of cantharidin (CTD) into a novel nanostructured lipid carrier (NLC) and
optimize the cantharidin nanostructured lipid carrier (CTD-NLC) formulation process to reduce the toxicity of CTD and enhance its
targeting. Methods CTD-NLC was prepared by emulsified ultrasonic dispersion method. The encapsulation efficiency was
determined by dialysis method. The average particle size, particle size distribution (polydispersity index, PDI), Zeta potential,
encapsulation efficiency, and drug loading were taken as indicators. Univariate investigation and central composite design-response
surface methodology (CCD-RSM) were used to optimize the prescription process of CTD-NLC. Multivariate quadratic fitting was
used to evaluate the model equation between indicators and factors. The fitted equation was analyzed by the variance analysis and the
optimal prescription was predicted by the resonse surface. Results The optimized CTD-NLC prescriptions were as follow: mass of
total lipid was 453.66 mg, solid to liquid lipid ratio of 1 ! 2, total stable dose of 16.9 mg/mL, ratio of Pluronic F68 to egg yolk
lecithin (Lipoid E PC S) of 3.88 : 1, with ultrasound for 30 min (working 2 s, stopping 2 s). The prepared CTD-NLC was clear
clarification in appearance with light blue opalescence, the average particle size was (85.99 + 0.49) nm, PDI was 0.280 + 0.002, Zeta
potential was (—8.21 £ 0.24) mV, encapsulation efficiency was (98.57 + 0.05)%, and drug loading was (0.65 + 0.01)%. Conclusion
The fitting model established by CCD-RSM is accurate and reliable. The optimized CTD-NLC distribution is concentrated, with high
encapsulation efficiency and good physical stability. It lays a foundation for the subsequent in vitro and in vivo studies of CTD-NLC.
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BIZE % (cantharidin, CTD) /2B EEAH R
RO FIEEE RSy, B RTIEF TS E T 2 R
EF, Wit OPEE. HavE. &hmsEts, |
CTD R AE Ny — B MR R By, B B )
OIS S B EIE AT, AR R AR R Bt iR /e H
F18) ] IF A H 2 DR R = a2k 3 AN T 77 A 56 B L 2
BRI RN, PR d a5 Y g oK A e B 2 T
“HEBURER ORI R T BB R AR EE A T
#F A& (nanostructured lipid carriers, NLC) &7E [ /£

B A4KHL (solid lipid nanoparticles, SLN) FZEFt
ERBR—RFRIEL RS, NLC MUEA REFH
VIR SRR SR A, BRI S
JFASi45 SLN JIr HAT A R0 48 [ 44 e b A 4T 8L » 10 38 m
LR AT AR AN EE 2 1254, A R0k 1 144t SLN
WARMK. WAL 245 & MR S5 6 e, Tk
(R T ARAE A B NLC ZEHE i ie 8 ) V07 i A
B B8 B th - ARV Ccentral
composite design-response surface methodology, CCD-
RSMD & itikie it s, BA R KEEE .
FRMEAE SR A, WA Tk il ) L 20+,
AR SR FH B R F 5455 CCD-RSM IR BEZE 2
PR SE IR B (cantharidin nanostructured lipid
carriers, CTD-NLC) 4757, 4 CTD R T4 4b
T 78 B 7€ il 71 J= it
1 UFESHR

Agilent 1260 Infinity IT = %0HAH €L RS,
E [H 25 A F]; Precisa XB 220A 43 K, Fit
Precisa BRI A 01A418 L 408
#F HL . SCIENTZ-10N ¥ ¥ T % #l . SCIENTZ
SB-5200D IR AL, TR Z AEM R Ay
HIRAT]; Zetasizer Nano-ZS90 WOtk 43 Hr1X,
e [E /RS A R AR ;s ZNCL-G # Gl 145+
ar, T TSR IR TR A .

CTD *tffh, #t5 110783-201105, JRESEL
98.6%, TEE ML MAEN L CTD JREZ,
L5 TZ180408, 5141 99.4%, P i@FEAMF
HARAR; MR, EAEB A RA A
PRI H s, B EEFRARE R AR &
Y Lipoid E PC S, f#[H Lipoid A #]; kBt
%k F-68 (Pluronic F-68) K&, FHgEI2EY)
BHHAIRAT; D36 mm iEHTEE G AN 77
8 000~14 000D, Jb5UfhEEBAEMARGIRA
Al oM, ik, EReTRR Y LA RAR:

TKCEE. HEE, oaral, B Z4ERER7E R
NP
2 HESHR
2.1 CTD-NLC H8#I&

AT U P56 R FH S 40 0 5 FL AL 75 40
¥ 2 M7 R4S CTD-NLC, 385 2 ol 4%
BIRE IR A, AN Re A FLAG RV IR e e, T
KA o BOESE T &, SRR ST, I
R/ S B A . oA S R T 3L 4L
R HUEH % CTD-NLC, HAARDIE. RS FRE
by AR AR IR Hm B . VAR . K. P
WEAEFI CTD, 60 C/K¥ NV T 5 mL W EER A AL
#H, HX 2% Pluronic F-68 FJ/K¥EW 15 mL, /K In#k
260 CHIBKAEH, AKAHERIBEET (1000
r/min) ZEEE NN . 60 CIEEHFE 1 h %2
I, 2 B TR 7 U0 2 R R L, PR S A5 30 min
(AR 2815 29), Wil FAAIE A, €42 20 mL,
i 0.22 pm FFLIEALE 3 CTD-NLC. [Fl#E 77241 %
2 NLC FEdif o
2.2 CTD-NLC & CTD 8JilE
221 BRE%ME AREFSA Thermo ODS A (150
mmX4.6 mm, 5pm); R 233 nm; A
CIE-7K (40 2 60); AR E 1.0 mL/min; A%
30 'C; #EFEE 5 uL.
2.2.2 CTD XM CTD-NLC At i & B A
I & REEFREL CTD XS 122 mg, HEEER
%100 mL, EJ75 120 pg/mL ) CTD X 8 5 57 s
FE I CTD-NLC ffilfh 1.0 mL, IiAGE &
a8 (10D MIREEAEA, B85 1h, FHET
", BEEHERZE 10 mL, iT0.22 um HHLFL
JENE, & . IR VAL EE RS (1 NLC RS E B 1
V-
223 LREMFEE I 2217 TEE& 5
HERE CTD WHHE SAW . CTD-NLC Al fis . B
YRR, s 1. aT%n, UK S ExT IR S A
[F) A7 8 H 06, T 7 B PV VR R SR R RE X CTD
BRI 5E A LR
224 LMHEXRRFEE FEEBI CTD X GER
%04, 1.6, 32, 48, 6.4, 8.0 mL T 10 mL &=/ffi
W, AR, BRIRYITERE N 4.8.19.2.38.4,
57.6+ 76.8+ 96.0 ug/mL X RS, 1T 0.22 pm
TFLIERR, BERE, {0345 CTD i sk R X N ) i
MR, DAUETHA (4) NHPAKR, FREKRE (O
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Fig. 1 Chromatogram of CTD reference (A), CTD-NLC
(B), and blank NLC (C)

AR, filbriEfh g, MBI EETER A=
04193 C—0.248 4, »=0.999 4. 455 %8, CTD £
4.8~96.0 png/mL SR EA RIFMZTER R,
225 FEEERK L “2247 WME. . &= 3
ANFEWE (535108 19.20 57.61 96.0 pug/mL) CTD
XPRESAIR, A1 d NS REIREE S HERE 6 IR,
THEH PR SR &R IR B E LR 3 d, THEH
A% . HNE HIAAS%E RSD 3/h T 2.0%,
FOAACHS R 25 AT

2.2.6 FEiALe  FEBEE CTD-NLC iM%
1 mL, %R “2.2.27 it s s ik, T
iR NIE 0. 2. 4. 6. 8. 12, 24h, #EE, A
I T AR RSD H N 1.91%, F W] CTD-NLC # 3.5
(R ER S VA RAE 24 h IERGE

227 HEEMRAE  EEH 4 67 CTD-NLC # i,
S RS B IRFEAL S 1 mL, $%FR “2.2.27 ik
WAL 75, Rl e, 4559 CTD-NLC #f
a1 CTD HF3 BT 8K E N 91.16 pg/mL, H RSD
HR 1.52%, RFNE LM EZE R L.

2.2.8  IIFEEISCRIRES 4% “2.2.77 TUR 77k
9 ifEdh, N 3 4L, BRUPAT 3 4, R
FE b A AN INAR 24 T FE i CTD FUEIRE 50%- 100%-
150%[1] CTD A& vy AR S B
FISCRREM, HERE, THEAR. . mREIRE T
IFEECR, K. . SRR T ARk
HI7E 98%~102%, H RSD /N T 0.5%, KK
I 25 SR HERf 7T 56

2.3 CTD-NLC 83 FEMIHAERINE

231 WEFRNE S SRR R LK
L, IBENTEAENE CTD-NLC fldf i BA fa bk
L SIS, BARPIR. MEREL 5%
B 50 mL /ENIEHT 5T, WL CTD-NLC 5 mL A

FENAS, £ 25 °C. WEEHE (300 r/min) i
M, B FEHT 152 304 45, 60, 90. 105. 120.
210 min BFEGEHT A 20 mL K45 % 2 mL, i 0.22
um FEFLIEREREAEI . I 2 wTAn, BEE T
[ FEK, FEHTA A ES CTD A AR — ELH i,
M 45~60 min, EHTHF CTD £I-PATES, 1M
JEENTA A S CTD SRR 2, ULEH A I EHT
I BOREENTEE WAL TS AR R, AT £
8 NLC BEHUFH CTD FEHTHK; EHTLSRFEM
CTD & &7F 45~60 min 78 23 H AP &,
YL L BER 1] CTD-NLC R E R, (R i &0
AT E] N 60 min. HEAEER,

B R=(RR— IR E) B

14 FENTR
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E 10

g 8
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5 4 FENTIEFE
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Fig. 2 Diagram of dialysis balance

232 HAEMWE FEEHEI2mL CTD-NLC &
FoeFEEEERENRER T, SIMNMEAET
Ty, AT 48 h, R TR, FRRE, iHHE
BOREE TR R, R TREIR “2.227 TR
PR SRR AL BT VE AN B R RS, I E TR R
MR, ITHERZGR.

WA E =BT RN R
24 CTD-NLCAAKHIETIZHERRZRER

¥ “2.37 WiJjikxt CTD-NLC I8 5524
BHHATIE, HE CTD-NLC ftif i, i 0.22
um K RUSLIERR, FAFEME, H Zetasizer
Nano-ZS90 WOGHKLEE 73 #r Al € CTD-NLC (1)1
Fife. 20 8ERE (PDD 1 Zeta HAAL, “F4T 3 K.
PLF#%i4E . PDI. Zeta HAZ. BERME G EN
PR FEAR AT B IR 2R 42
241 fRFEFZEMIME NLC fE4£488 SLN KI5l
AT WA R, DAHRESRAS RS
g, M mR R RF AT E . BT
HWITSURSE, [ AR T e D SR PR I H T e, WA
RERIEFEMER . RS 2 FIRAIER, [H &
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MR AL, SRR A0 & PN T 4 (1)
SO, SERRE, AN K EIm, R A
S, WA, EEEFRK RN MR
B, KRB RN, (BRR D ARETE, R4
MK SRS mEMWER (10D R,
KRN, S ARONEY, AR GHA AR
4l SLN B4, Morf € N5 B S I H & O S IR IR
Hills. KEmS5mEE (1D, SGRILE 1.
242 JEPUSERFELSE  [EE FEA NG5S AR 5
LBy 102, WE SRR 300, 375, 450
525. 600 mg. SiAREW, BEENRFSERIGN,
RLAZ SR U N, PDI SRS Tt 5, Zeta
AT fE PR, BSR4 E 2D R K&
B, Wk BIR TS E 300~600 mg #E—H T,
ZER K 2.

2.4.3  [EARRR S WA R b (AR R (2552
PERR TSR N 450 mg, HABKR R RFEAL, S

FEL, WE 31020101010 1:20 1337
HE2, RN, B BRI A R, i
NGO R I A N =T YR oo AN =iy NP A - s PR L)
MRS, WE ARG, AR
JEFt i, WER R — A, SRR 3.
244 SRGEFIRERENFESE 21 CERiE T
R 5, #i %€ Pluronic F68 5 Lipoid E PC S
SR ONBEAR D BRA B AT il e 2, HL
2 VRGN R T A e A VRN R . T
5E Pluronic F68 5 Lipoid EPC S bl 6 1 1, #
B R E I B E WL 4N 7.5 125 17.5, 22.5,
27.5 mg/mL HATHEE, SRR, FE LFRE R
R R T, RS NS BE %, PDI fH G
FefR e Fhm, QRO ERMN, HRARZED
BRAK, S5RILE 4. L, BREFREREZ
SR S R B I LR R, 7R R S Ak Ak
ik —b L,

x1 BERMEBERRERER (X ts,n=3)
Table 1 Results of lipid species (X £s, n=3)

IERES P RLAZ /mm PDI Zeta A7/ mV BEF% HEE/%
PP IR H b S 104.7310.64 0.408+0.012  —7.93%1.60 91.56£3.14  0.4740.03
PP R E I S K S 102.7341.03 0.3524£0.055  —9.03+1.06 95594234  0.51£0.01
LB R H i G - T 84.941+1.97 0.465+0.022  —9.5940.20 95224325  0.5020.02
PR R H S+ K S+ TR 85.79+1.83 0.380+0.060  —10.84+1.45 97.984£245  0.5240.02
R2 BREEERFRZRER (X *tsn=3)
Table 2 Results of total lipids (X £s, n = 3)

fig i B /mg SEERIAE/mm PDI Zeta HLA7/mV A3 3/% BRI %
300 70.63£1.46 0.391£0.008 ~7.58%+1.10 90.50+3 .44 0.45£0.03

375 67.43+1.71 0.29840.033 ~9.83+1.23 94.02+4.32 0.4940.02

450 78.5841.37 0.28540.006 ~10.59£1.05 96.46+3.42 0.5040.03

525 91.824+1.28 0.29740.006 ~7.44%1.43 97.35+3.24 0.55£0.02

600 101.7942.23 0.33440.029 ~7.42£0.39 98.00+4.34 0.6840.04

®3 ERFERSRAERILGIEERERER (X t5,n=3)
Table 3 Results of ratio of solid lipid to liquid lipid (X *s, n=3)

L SFYI R /am PDI Zeta FiA/mV BE % BARY%
311 99.0842.56 0.41940.007 ~10.08£1.49 96.3740.46 0.5640.01
201 81.984+2.42 0.393£0.003 -10.25+1.08 97.05£0.58 0.460.02
101 72.5441.96 0.35640.003 ~7.32£0.31 96.87+0.74 0.4940.03
1:2 73.3611.25 0.28940.005 —9.70£1.04 100.0040.37 0.5440.02
1:3 97.9842.65 0.29540.006 —6.93+0.48 97.5340.56 0.5540.01
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x4 EREFRERERERRERLER (X £s,n=3)

Table 4 Results of total stabilizer concentration (X *s, n=3)

SR 7R BRI/ (mg - mL ") P ERAE/mm PDI Zeta HL{7/mV L 2/% A%
7.5 80.4410.78 0.51140.004 -9.53+0.38 96.84+1.44 0.5740.02

12.5 94.65+1.77 0.268+0.009 -8.63+0.44 98.25+2.34 0.554+0.05

17.5 75.33+£0.62 0.299+0.030 -9.08+0.53 99.19+3.24 0.524+0.02

22.5 76.54+2.44 0.330+0.038 -8.17+£1.22 96.00+1.28 0.47%+0.03

27.5 72.21+1.70 0.367£0.012 -8.67+0.71 98.24+2.92 0.444+0.01

2.4.5 Pluronic F68 5 Lipoid E PC S LLfili%5¢
SEBFRE R ERIRE N 17.5 mg/mL, [ HAh KRR
24, M7 Pluronic F68 5 Lipoid E PC S L6, 1%
B6o:l. 41,2000 101, 102 FHTHERE, 4

R, B EFHIIBRI LB N, RiAR S o8k
MG, PDIEREC RIS, &
HRREMEEEZR, BAEZLEK, (A Zeta
HA AR LB 1 2 BB, =ik
IR OB IR LU A B R, 75 0 S 5 ma i A AR

M, WTEfRSRAETT TR 744 Pluronic F68
5 Lipoid E PC S (JELBIIANFE LR 2=, 45 RN 5.
24.6 WAENESE  [EEHMERAL, %iF
CTD #AEDHIN 2. 4. 6. 8 mg iHITHEL, 451
KU, MERAGEINLR, SRR ET0H B,
EAESEER I R ORI, $R 2] Sl 2 b I Fe e T
HORARAG, ISR IS KB 2, Y
BeZiily 2 mg BF, SRR E R E, WORER
KRN 2 mg, SERNE 6.

# 5 Pluronic F68 5 Lipoid E PC S LL I B A RERLER (X £s,n=3)
Table 5 Results of ratio of Pluronic F68 and Lipoid E PC S (X £s,n=3)

Pluronic F68 5 Lipoid E PC S EL {5 Yk 42 /nm PDI Zeta HL7/mV L 2/% WA /%
6.1 78.47+1.97 0.280%0.018 -7.254+0.42 97.83+1.45 0.52%0.03
41 81.77+0.37 0.272£0.004 -7.59£0.22 100.00+2.75 0.51£0.03
201 93.69+1.88 0.279£0.008 -7.16£0.55 96.21£+2.36 0.48+0.01
1:1 96.88+2.60 0.557%0.010 -7.96%0.11 96.77%2.35 0.46%0.02
1:2 9.71£0.61 0.24440.003 -2.19£0.55 97.94+1.74 0.42+0.03
Ko BRABBRARERLER (X Ls,n=3)
Table 6 Results of drug addition (Xx s, n=3)

25 8/mg SEERIAE /am PDI Zeta HLA7/mV (ES A AR/ %

2 80.59+1.41 0.275£0.004 -8.55£0.57 98.69+1.47 0.53£0.02

4 80.49+1.04 0.28240.012 -7.07£0.24 95.28+2.34 0.52+0.01

6 76.38+1.12 0.262£0.016 —7.37£0.80 97.72+1.78 0.52£0.02

8 81.111+1.68 0.26910.015 -7.73£1.08 95.08+-1.42 0.51£0.02

2.4.7 AR EEEE A E A RN TAR 2 s,
5 2's, WEHARE554 104 20+ 30+ 40+ 50 min
HATHER . SRR, BEE A, Kifg
IR, R Atk R,
R Em, (HERAERIHRGES, KA
PR — B, AMUSINEAYSE, EafiE
FEONEE IR AR BN, MBS I R RGE 2, 4
RWE T,

2.5 CCD-RSM ffft CTD-NLC 475

251 WRIIE 6 LIRRRRERLILSER,
RIEFUAE (A, WL (B). BEERIREK

& (C) L% Pluronic F68 5 Lipoid E PC S L5l (D)
X AR T RS s EOR, MOk HAE N R R
— BT R . it 5 K (<20 —1. 04 1.
+2), LLPDI. Zeta H1f7. IR E 4 15
AR A D (YD) NEIEMN AR . BT
MetaDecision EvaGear #X45K HHGEST 4 A~5045
FREATIRRL, 753 PDI. Zeta HIAL. f3f R A% 24
EMRE R %8 032, 0.15. 0.44 F1 0.09. H
IR Z KT B Ak B0 25 5 W3R 8.

252 MG RITE S KA Design-Expert
V8.0.6 BfF, LLY Xt AL B. C. D i —kZ w0l
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*7 BEMEBREERRERER (X ts,n=3)
Table 7 Results of ultrasound time (Xx *s,n=23)
&8 75 B [H] /min S RIAE /nm PDI Zeta FLAI/mV (HESENA HYAE%
10 132.87+1.94 0.423+0.030 -9.28+0.22 94.46+1.42 0.55+0.02
20 90.84+1.11 0.27740.012 —6.124+0.45 96.46+2.31 0.5340.01
30 78.25%1.14 0.27140.003 —6.92+1.46 95.061+1.87 0.50%0.01
40 79.58%1.12 0.28440.013 =7.01%£0.21 94.87+3.21 0.44%0.01
50 77.92+1.82 0.273+0.011 —6.44+0.06 95.61+2.34 0.40+0.02
&8 CCD-RSM iRHRITHREMNE
Table 8 Design and response values of CCD-RSM test
RIS A/mg B C/(mg-mL™") D PDI  Zeta H1f7/mV R/ % A% Y
1 525 (+1)  0.38(-1) 12.5(-1) 5(+1)  0.299 =7.52 0.37 96.51 47.69
2 450 (0) 0.50 (0) 17.5 (0) 2(-2) 0.390 —-8.39 0.56 100.00 60.22
3 525 0.63 (+1) 12.5 5 0.285 —=7.05 0.43 100.00 61.26
4 600 (+2)  0.50 17.5 4 (0) 0.283 —6.44 0.46 99.28 62.25
5 375(-1)  0.63 22.5 (+1) 5 0.380 -9.13 0.44 100.00 50.75
6 375 0.63 22.5 3(-1) 0418 —-8.16 0.42 98.94 38.17
7 525 0.63 22.5 3 0.293 —6.47 0.27 99.12 40.01
8 450 0.50 17.5 4 0.284 -7.30 0.64 98.53 82.01
9 450 0.50 17.5 4 0.285 -7.55 0.66 100.00 86.99
10 450 0.50 17.5 4 0.286 -8.59 0.65 99.05 86.49
11 375 0.38 22.5 5 0.454 —8.90 0.45 100.00 38.65
12 450 0.25 (-2) 17.5 4 0.289 —4.36 0.29 100.00 39.57
13 450 0.50 27.5 (+2) 4 0.449 —8.05 0.38 100.00 30.12
14 450 0.50 17.5 4 0.280 —8.83 0.68 99.57 92.13
15 525 0.63 22.5 5 0.290 -5.92 0.35 100.00 49.32
16 450 0.50 17.5 6(+2) 0.282 —6.01 0.38 100.00 54.10
17 450 0.50 17.5 4 0.278 —6.47 0.68 98.14 84.80
18 450 0.50 7.5(2) 4 0.440 —-10.21 0.42 100.00 40.77
19 525 0.38 12.5 3 0.282 -7.64 0.37 100.00 56.68
20 525 0.38 22.5 5 0.438 -7.46 0.58 100.00 52.07
21 450 0.75 (+2) 17.5 4 0.296 —6.89 0.39 100.00 54.74
22 375 0.63 12.5 5 0.267 —-8.06 0.33 100.00 55.90
23 375 0.38 12.5 3 0.276 —9.45 0.27 97.52 46.93
24 375 0.38 12.5 5 0.269 —7.43 0.33 98.48 51.62
25 300(-2) 0.50 17.5 4 0.440 -11.03 0.48 100.00 49.03
26 450 0.50 17.5 4 0.282 —6.35 0.67 98.93 84.10
27 525 0.38 22.5 3 0.288 =7.09 0.32 98.59 46.72
28 375 0.38 22.5 3 0.457 =7.97 0.45 94.77 27.34
29 375 0.63 12.5 3 0.281 —8.88 0.35 99.03 55.87
30 525 0.63 12.5 3 0.286 —7.43 0.37 100.00 55.52

TS . IR Y=86.09+2.94
A+2.89 B—4.57 C+1.16 D—2.07 AB+1.40 AC—
1.08 AD—0.76 BC+0.96 BD+2.32 CD—7.69 A’>—
9.81 B2—12.73 C>—7.31 D?. JZEMrEEREH, (A
AR P<<0.000 1, RMTUKFARZE (P>0.05),

PR RS RIFs RIEARENE e /R O

9 0.964 5, THMHRERE (R7pea) 70824 5, 1%
IERE R (R%g) N 0.9313, WiWIZIEAY AT DUfRRE

93.13%MIMANAR AR S, HoT P AR icdy; Ay
AR RN 8.16%<10%, RISHIHERE 5, FEE
ERAARIE S SMEEIIAE, S~ 18.564>4, TLHIEAY
B, RURZBEAE TS, Bk, BRRR
. ER S SRR R EIR R Y Y AR
M (P<<0.01), FREZIMAFELEIER, H&R
RSB — IR R, MRTIRKR (R, DL
Y TN TR AR A B R R IR R 3D RCRE LA 3.
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Table 9 Variance analysis with comprehensive score Y as response value
Ji 25 KR 7 H B3 F1H P1{H ©EN
PR 8527.04 14 609.07 29.07 <0.000 1 TS
A 206.87 1 206.87 9.87 0.006 7 &TES
B 200.97 1 200.97 9.59 0.007 4 aTES
C 501.88 1 501.88 23.95 0.000 2 L &TES
D 32.10 1 32.10 1.53 0.234 8
A2 1620.31 1 1620.31 77.34 <0.000 1 aTEA
B2 2637.25 1 2637.25 125.88 <0.000 1 TS
2 4 447.90 1 4 447.90 212.30 <0.000 1 &TES
D2 1 464.05 1 1 464.05 69.88 <0.000 1 aTEA
hk 7 314.27 15 20.95
ST 254.52 10 25.45 2.13 0.209 1 ENTE
iR 59.75 5 11.95
M 8 841.31 29

5.00 \4\;()& _—
) 400 3o

D

—

0 e 050 O
145015 500,38 044
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056 063 SO0 T o The0 2050
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Fig. 3 Response surface diagram of interaction between various factors
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2,53 WAL FIAH Design-Expert V8.0.6 #
R bR B ST AR R AT SR G b, ARIE Y
G BRI S, &AHE T & FE RN
FERUME: HEFR BN 453.66 mg. FEWREE AN 1 1 24

SMEEEN R EWE N 16.9 mg/mL. Pluronic F68 5

Lipoid E PC S fIELIy 3.88 & 1. LAk sl 71
Wb 5 BEAT IR RS, SEME AT BV &, A
MHmZET 3.0%, BiH CCD-RSM 2% [ Tl 2 S 1
W5 (£ 10). CTD-NLC HIANL. Kifdsr4i 5
Zeta A7 WL 4.

Fz10 WFER (n=3)
Table 10 Verification results (n = 3)

Y
fitik  CP¥RAR/mm PDI Zeta Hfi/mv A% HAE/% — - FHXH 22 /%
SERRE THHE
1 86.49 0.282 —8.51 98.5 0.63 86.72 84 2.81
2 85.33 0.277 —7.93 98.6 0.66 87.01
3 86.15 0.281 —8.20 98.6 0.65 85.34
A B C
L 1 1 L -_]
1 10 100 1000 10000 100 =30 0 50 100
R /nm Zeta HLA7/mV

4 CTD-NLC %ML (A). RIEHF (B) K Zeta BAISF (C)
Fig. 4 Appearance (A), particle size distribution (B), and Zeta potential distribution (C) of CTD-NLC

3 e

FEHT AT R ARG, S5 R F 48 L A 56
PREEE AL XS B 259K R 5V BS CTD AT 70 85, B
SLITBE I M 2R RSN 2 BRI A B, AE R IR 5
REE P XoF P KA [ PR AR G 7™ B, 350{sff HPL.C Al
ANBIE RS KRR B 258 o ORI A i e
CTD-NLC 3, JrikfifE, 2584,

AT I LR R 5 LS CCD-RSM %)
CTD-NLC 475 T 23T 7HRIE, #ie mtay
T &40 AR REN 453.66 mg. EVREL A 1 2.
SRR EWREN 169 mg/mL. Pluronic F68 5
Lipoid E PC S i ELfI 0 3.88 ¢ 1. i/ 30 min (L
fE2s. 15258

CTD 7K MRiatE A, 551 A iE R &5
e R VA PR R AR 25 M e 22 5 S 36 Hh ] % CTD-NLC
IR IR 2B AN B 4 me, 75 H 2508 R 3L
B . % R& CTD A& maEtt [/ ip MEE
FAE (LDso) A 1.71 mg/kg®] Ry, @4
%> CTD fE NLC H #0245 & BEA B T P H 22 R
YEF SUARIF CTD-NLC [l 4, 7 CTD-NLC

&K CTD R EWELE 2 mg. {Efa%:
CTD-NLC )44 A AL I A B8 ) AR B 52
NLC 5] NRETSFEAK CTD FI 754tk 3 3 17 i firk 3 5
BN — P UESE
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