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Abstract

Objective: The central composite design-response surface methodology (CCD-RSM) was used to
optimize the application of tricorne nanostructured lipid carrier (CEL-NLC) in the local application
of eyes. Methods: The lipid with the best solubility was screened out by determining the solubility
of celastrol in different lipids. CEL-NLC was prepared by microemulsion technique. Quality of solid
lipid (X1), quality of liquid lipid (X2), surfactant/cosurfactant (X3) as objects of investigation,
while particle size (Y1), encapsulation efficiency (Y2) and drug loadings rate (Y3) as dependent
variables, the optimal prescription was obtained by CCD-RSM and verified subsequently. Results:
The best prescription of CEL-NLC was Celastrol 0.04 g, palmitic acid 0.09 g, oleic acid 0.18g, tween-80
4.34 g and Glycerine 2.16 g. The encapsulation efficiency was (75.28 * 3.44)%; the drug loading
rate was (0.45 * 0.02)%; the particle size was (18.66 * 2.63) nm. The PDI was 0.39 * 0.03. The devia-
tion between the measured and predicted values was less than 5%. Conclusion: The optimized
CEL-NLC obtained by CCD-RSM has high encapsulation efficiency, small particle size and good sta-
bility, which can be further used in the follow-up study of local application of Celastrol in eyes.
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Hi: RAR ST - 2P (CCDO-RSM) MMM TR B E N FABLEHREWRA RS
(CEL-NLO)AbJ7 . J5¥%s: BT ARARESF IR FERE, i SREEFRER, RAMA
4 & CEL-NLC, 23] AZ5%)/ e/ B (X1). REEEN/BIREEEF AR X2)AEETR,
RZ(YL). BRF(YV2)NRAGRE(YI)VNERER, SRNEETNRELT, FHRIERELYS . &R:
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(18.66 + 2.63) nm, L4 EIEH(PDI)KH0.39 + 0.03. LEHESTNEREL/NT5%. 4i8: XA
CCD-RSMALALHICEL-NLCAL s, BIEFER, hEh, Retly, FEmSE, wH—PHTRERNAE
VN SAR i) =k od o S

XK ia
FABAR, PREWEREE, BERBOH-MMNAE, mE, BaR, R4, MAE

Copyright © 2019 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 3]

AR Z (Celastrol) & W TP BLHE A TR IB Y S A kb 7 SR AR 2 A =ns B R &Y. HA
JR 1) B U8 BAPUMIE . Pat. BuiE . Pradl. i), (bIsE 2 i ByEPE( 1] (2] 2Rk,
AR RAEIRRHR B 5T A NEH A U 7 T 4 52 2 AN R N2 k0. (HRE AL RN
HMEVEVEDD ST, 1A A RSO 22, A= R ARG, T BB RIVE IR, P SRR 1 7 A R £L 3R A S IV BBl 3] [4].

YK 45 1) i J5i 24 (Nanostructured Lipid Carrier, NLC)J& 7E — & i J& T A2 (8]84S A [H] 1y [ 25 g 5 A
TS G BN B RNE G T R AT R R E A R AR 2R 2 RSR[5, SRS EL B DU Rr A $R K
2y, PEARRBERN, FEATRE S AR AR Rk S B Bk, SRS EVE . B IR BURZS YK A
GZERAIRI. EVAI RS RS, &S BRI B A R4 5 T A 6]

BB T - AR TV (Central Composite Design-Response Surface Methodology, CCD-RSM)#2 [E P9 4k
R SER B 7, AT RBC A MGt 22 7T AR I RN TR (RSM) AT AL, I S e it
Fril I SEIR AR B — e B, R 200 S IROT R E R R ANAR Z (R R EOR &R, @i [31 )3 7 A2 1)
i RS REMAETT, REZARERB . 51EZRTHEMLL, BT RAPF RAR AR R AR R &R,
758, TG, Tl gh A% SE PR e ie 45 (7]

S WAL E TR A R R AL S PR SR IVE ML, Tk VA SR B I MR T, SRR 45 = JoAH I, I8
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it CCD-RSM AL 2~ iR 41 2 49K 45 M i3 5 344 (Celastrol Loaded Nanostructured Lipids Carrier, CEL-NLC)
AT, X EATIONE, AR, it — D% CEL-NLC il i R i) 77 B2 T HR & 3 fe i sk
BR8] [9].

2. (NBEMH
2.1. AR5

THABAROEREVARAA): BFEARALE A REFHCARA R, fit'5: LN60R09); JHER(KNESR
CHEMERAT, #t'5: 83L6C): MHifi-80 (W& ILHIZERAR, #5: 160201); HMHrLE S HH
2l ARRAR, #5: 20181238); HEE(SEE Tedia A7, HPLC 2%); ZME(GEE Tedia A, HPLC 2%);
VKESRRCES IR JEAL 2R, 5. 170914); K vialik, AR aHrat.

2.2. {U3&

Waters 2695 (Waters A ], FH); UV-2401 LA WY EA(SEA R, HA); Mettler AE260
HL T 73 BT R P (Metter Toledo A F], i t), £k LW ILIER(0.22 um, HFEA 7). Amicon Ultra-4 &5
e s E IR T A F, BE TR 10k). EEN3700 %5 /R SCRAZ I 52 A (8 F Malvern).

3. A&
3.1. BRERNE

FEERRE BRI, B R H R . SRR, ARANES . WEARER. B AERR HUMEE. AR R H IhEE & 1.000
g A E T U BRI d, TN 0.100 g TR AR RIERIZ. 70°CHAE I 24 h, B LG, WHEMHRE
BIEMIRIE, KANIE . RYE Celastrol Frfk 28 & 155 2 30 M8 A B 41 2 A6 JURH i 52 FP ROV B A K

N,
3.2. CEL-NLC B9%I&

R A T A1 25 A JI T P ) A P 0 5 5 SRS 39 D 18R T3 L D T A g TR A e TG AR 0 25 T T ek PR 79 o
fEi, KRAMFIES & E AR RUKE R AR . RS T RS AR R BRI . Wik
JIg 5 RN 2 THD & MR SR RN BO SR T VG P 5 B T 25 ml /NEEAR R, fHIE 70 FE NI 25058 Ve iR, SRR IZT I
5 ml 4ifbK, $itkk 5 08k, BIFSEE ST, FHESSER RS 1500 rpm min )BRE#EEAN 0°C
VKA, FEE 20 205d, 44K OKEZS 40 ml EZIE BIE R CEL-NLC, 6171 R A% 4L (08515 WIRAK[10].
3.3. BOBOREIMENF KR EEE

FEEMBUE BN R A BA RS, HHREEEIFHBER 10 ug/mL FrAER W, 78 300~600 nm #
KT BB P AT MRS KR . 25 TR 1E 424 nm P AR SR, [RILTE 424 nm AT A JE
41 & HPLC-UV W20 54630 .

34. LWHEF
3.4.1. ¥REHZRENLH

KR E R ALK 40.00 mg T 50 mL &I, FHPEEMITES, BREREN 800 ugmL ™' &
ATRELFE XTI AW RS % W IR BRI B B AR R C IR IR BE S 04 24 44 8. 164 32 ug/ml
S I STV UV-2401 AN RT W23 Y66 ASORS B8 W 6 o DATE A BRZL SR IK B R AR bR, WO P
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NP ALFRAZEHJTRE Y = 0.0296 +0.0003, R*=1 (W& 1 i), KHFEABEL KA 0~32 ug/ml TUEN 5
W IEEA E RIFR AR R.
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Figure 1. Standard curve of Celastrol

B 1. EBRRLRITERLZ

34.2. HHHAKERE

B TR A R 2L O TR e e &, AR AR 2.04 4.0+ 16.0 FIAREVEWCT 1 H A )R AH
SIS 7 I E 3 Uk, S5 SRR WITE ARRLLER I H WASE L RSDAE/NT 5% (n=5), UHIRailr ks a2k
it

343. (HEHEHEE
[/ 3.4.1 bR #I 5 E, BEHME 1R, ESENE Sd, HEHIERESE RSD. 45 REHE AL
I H AKS % % RSD (/T 2% (n=5), WA SCIGAX A TERE . W5, FRBE 5 Ra0E, FFa T EsR.

3.4.4. ERENEAE

FE WA 1 mL 85 A BRALZ 0 R A TR, 2 DI IN =S B K 50 IR SR E AR, e 1) sl i IR 4y
B4 2.01 4.07 16.0 ugmL™ [T ARELLRIEW, 4 HIE 0.5 mL B T 5.0 IEE W T, 4000 r/min &0
20 min, HUAME AFBUET, ML, TSR . KRR AL R 1 R 4> BN 99.6%,
99.5%, 99.4% (n=15), RUZINE 1L JG SL 50 AT I K
3.5. CEL-NLC HIEHZHFHE
3.5.1. BHERELENE

U A RRALRPOREE MRk 5 ml, B TEOEF, 4000 r/min 2.0 20 min, B EJHEHR 2 ml,

TENTESH, &N 48 h, FI/KERZE 10 mL, MEZGPHREC ). HEEOE LISl 2 ml, B @ 20
FLAE 10 ml, WE YR E(C ).

BFH% = (CH-CF)/CH*100%
#H 2% = (CH-CliF)/CE*100%

C e il B 25 5
C B NTE A R LR AR G5 i BB 20 B0 T RS 25 IR
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3.5.2. RIRR % SEABRIME

FEUE B, KR EUS, 0.22 um P JERT UG e R AR 2 0 BUR AL PATEAEN
B SR R 2 A R B
3.5.3. CCD-RSM i fk4b 75

1E Celastrol ¥ Zi &N 40 mg I, &3 XF CEL-NLC M2 mEwE 2 NMAER: 4W/EREXD. RHE
T TR B AR T & 1 FI(S/Cos) WENFEEX R, 1E 5 DK BT R 72, LB S Z(Y D) K3 A 2 (Y2).
FAR(Y3) NI HE AR AT CCD-RSM 5245, REAS B ZE A IR N TAKCE AR 0,1, 20, o a = 1.414.
R 2 KA RAB 7K TR HE AR 3 S0 25 S0k 58 . CCD IR R AP, AR 1.

Table 1. Horizontal code values of 2 factors and corresponding values (m/g)

= L2 MRARRIKERIBER AR BIEm)

Horizontalcode Value 7KF{H

PhSL AR & —1.414 -1 0 1 +1.414
D/L 0.1 0.115 0.15 0.185 0.2
S/Cos 2 2.293 3 3.707 4

TRIENETT RS —— R 2 2 Bk R, SR SRER BT Designexport 8.0 X7 1 AT G
i x|y € AW EI VAL Bt by
Y1=+73.2-0.71X, - 0.35X, + 0.75X,X, +0.025X} +0.77X,X, +1.10X,X, —3.04X,X2, R* = 0.9092 ;
Y2 =0.43+3.536E — 003X, +0.00X, +5.000E —003X;X, —0.024X,X3,R* =0.9352 ;
Y3=15.21-0.60X, —3.31X, +0.48X,X, —1.19X} +0.73X, +3.46X,X, +0.24X, X3, R* = 0.9469 ;
R4 CCD-RSM Z5 5%, 2|l Ata 778 D/L = -0.07, S/Cos=-1.4, Y1=21.31, Y2=75.71,
Y3 =0.45, 8T e i i 2 P A TR AR T o DA K 2 TS PR 7 B T il A ) ) S BRAEL (] 2)

Table 2. CCD design table
# 2. CCD ®it& &

prR= X, X, D/L S/Cos EE% DL% Size (nm)
1 -1 -1 0.115 2.193 78.0 0.46 11.9
2 1 -1 0.185 2.293 75.4 0.45 11,9
3 -1 1 0.115 3.707 77.0 0.46 11.5
4 1 1 0.185 3.707 76.3 0.45 21.9
5 -1.414 0 0.1 3 77.2 0.45 14.2
6 1.414 0 0.2 3 75.2 0.45 11.1
7 0 -1.414 0.15 2 67.8 0.41 13.2
8 0 0 0.15 4 72.7 0.44 12.5
9 0 0 0.15 3 60.6 0.36 13.8
10 0 0 0.15 3 71.0 0.42 14.9
11 0 0 0.15 3 74.8 0.44 27.8
12 0 0 0.15 3 77.2 0.45 14.9
13 0 0 0.15 3 74.8 0.45 14.2
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Figure 2. 3D effect surface diagram
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4. R
4.1. BABLARENMERPBBRENUELER
MREBMK RS R > ERtHBR > WEIRER > H-rRRH MR > &R > REERHmEE > A
FERR H R .
4.2. CCD-RSM i ft &£ 5

T4l CCD-RSM 455, 15 2 1 24/ 115 bb Je R 1h v Y 77/ B 2R TRV PR T A POmAE, J8 e vh 50 S i 4 e 24 B
73 ] A RT3 DA S SR TV VE AR . BER THE VR I SEPRE N B A BRZL 2 40 mg, ARMHER 0.09 g, JHER
0.18 g, MiH-804.34 g, HiHl2.16 g.

4.3. L FEE

L Ab i % 5 #it CEL-NLC, HAERMEFLE. Rife Ik 3,
M 3 AT RN S WS B AR PN LU B, i 22 B AR HBL /N T 5%, LR R T A% R 4T
I g R I 3.

Table 3. Experimental results of CCD-RSD optimal prescription validation (n = 5)
< 3. CCD-RSM fRIEFR B AL A BRI LER(n =5)

[k A WAEY FifE nm
i T
TM{E SEE i 22 TRM{E SEPUME i ZE FHEIE S i 22
1 75.71 78.14 —0.03 0.45 0.46 —0.02 14.93 19.98 0.34
2 75.71 72.04 0.05 0.45 0.42 0.05 14.93 13.01 -0.13
3 75.71 71.04 0.06 0.45 0.42 -0.02 14.93 16.48 0.10
4 75.71 77.91 -0.03 0.45 0.43 0.05 14.93 15.77 0.06
5 75.71 77.26 —0.02 0.45 0.49 —0.07 14.93 11.99 —0.20
20 Cel-NLC
154
©
)
E 10+
=
5
0 T T 1
1 10 100 1000
Size/nm

Figure 3. Particle size distribution and poly-dispersion
coefficient

E 3. RESHEMS DHAR
i = (SEME — FE )/ B E

bias = (predicted value — observed value)/predicted value.
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W F

BAAL T e T2 R il 4% 1) CEL-NLC (a2, P 208(75.28 +£3.44)%, 5 HINE 135k 2=
N 0.26%; FATEN0.45 £0.02)%, 5IIMME PR Z N 0.2%; Fifd A(18.66 +2.63) nm, -5 FMIE
PR 2N 0.34%.

4.4. NEREZTERY

iR LK 3, CEL-NLC KRR B i s, “FHkifE N(18.66 + 2.63) nm, £ 4 BfEH(PDI) A
0.39 +0.03.

5. 1+1ig

B TR AR R AR BRI, HR R0 h 25 AR IR BE /N T 5%, BT AR R0 25 25475 98 52 25 ) s AR At it
FEN DL A — RKBRAR 1110 9K G5 1 I TR 8 Ak £ 247 A0 4 SR (R0 R s, R 1) A A R 2 T R 2 B e
A BT 1K 25T A B A (], 4R s LR AR R, I/ 25 i) Js 3 R 4 B RIE R [12] [13]

AR FZAEETIK, FRiath s . 00K T 2 B2 2 ) 5% RN K 45 M e TR Ak, 3 30 IO FH - s o s
A I PR AR A, A B e RS 2 1 1 P s, T ve b B I FH O B 25 0t A B RIS RO«
AT 50 8 H VA R B A R ZL R A T BRI AR R A R, 8 IR AL F LA d-80 Hh, IR1E
WTTEE R, AR RASRWERFIMTEE. Hal, AR BESR A EA R ¥
&, MHEHECABREATIG, SRR, (RS, TRz, RN KRZHEL T, &F
BT RN (52 R R R . DU BRI 2 1) R s BT R TRV, BRI R AT B ST R B
(B RV ONATTI S VAT Wb vk = 2 oy A I 2 WS A it e S L 5/ o 2 B G DO R =9 | NI Y S sl = '
S UE G Bl (AR S B4R, B 7 (R 2 et A 7 T2 14]. BT 22 05 vt - ZOviiivk B 1 s,
HERRPE SO AR, SR B KRR L 2 R ) Ak 7R [ 15] [16] [17].

EH AR Zeta HALIE CEL-NLC 277 tRACHI R AR B . % p& 3 f B b Bz oy s, 10 CEL-NLC [
IR AAE AT 7, Rk CEL-NLC 5 5 1 R () 23 R A G B g ) (0B e B, 5 SO0 A BB 1 i
FEeF a1, HEI PR CEL-NLC MIAEIRI I BE . s X — i), 5 2R 75 % FE 181 CEL-NLC {345 1E
HLff, DRI, KON THAR AR K5 %2 Zeta FAAL[18] [19],

6. &t

ARSZERH CCD-RSM 3873 | CEL-NLC W fiiabJy, IRt EAb 77 #i A T7I00E, fRZEITE 5% AN,
T ARSI TV R W4T . #4510 CEL-NLC Gl . kifess, ] F 78 IR 38 77 1 1 s S0 70

SE 3K
(] a3, R, WREs, . A BRLE ARG R IR B ) BOUIALYE % 500, R, 2013, 3509)
2023-2027.

(2] 2, BT, KRR, S5 R ABRLLER-E AL f) A S SRS PETEAN (], o B SEER T ) A,
2017, 23(6): 1-6.

[3] Sanna, V., Chamcheu, J.C., et al. (2015) Nanoencapsulation of Natural Triterpenoid Celastrol for Prostate Cancer
Treatment. International Journal of Nanomedicine, 10, 6835-6846. https://doi.org/10.2147/1JN.S93752

4] =3, FE, BE, 5. B ATRLRPORG R BB I ) & & ILR SN E BT[] Ty, 2012, 43(8):
1514-1518.

[5] Fu, T, Yi, JL., Lv, S.Y. and Zhang, B. (2016) Ocular Amphotericin B Delivery by Chitosan Modified Nanostructured
Lipid Carriers for Fungal Keratitis Targeted Therapy. Journal of Liposome Research, 27, 228-233.
https://doi.org/10.1080/08982104.2016.1224899

[6] Li, ZR., Li, J.G., Zhu, L., et al. (2016) Celastrolnanomicelles Attenuate Cytokine Secretion in macrophages and Inhi-
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JAYE, AN, mEDE, & B RN IR B B M s R b TT 0], RS IRR, 2016, 7(1):
27-30+36.

XA, A, RIRE, 55 B air-S MiE A 23 R L7 A T ARG MR T8k kb 7 [I]. g, 2016,
47(19): 3401-3406.

W, Vrigr, BRI, . IR AR 9ORHIFI et 1], PEBEZ T AE, 2016, 47(12): 1592-1599.
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