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Optimization of mannose-modified celastrol liposome formulation and targeting
evaluation in vitro
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Abstract: Objective To optimize the prepared prescription of Mannose celastrol liposomes (Man-Cel-Lips) and preliminarily
evaluate its in vitro targeting. Methods Man-Cel-Lips was prepared by thin-film dispersion method. Box-Behnken design-response
surface methodology was used to optimize the dosage of cholesterol, the dosage of Cel and the ultrasonic time interval using
encapsulation efficiency as index. Three batches of liposomes were prepared according to the optimal formula, and the liposomes
were characterized and their release in vitro was investigated. The uptake and targeting effects of MAN on lipopolysaccharide
induced RAW264.7 cells were investigated by flow cytometry and fluorescence microscopy using coumarin as fluorescence probe.
Results Box-Behnken design-response surface method was used to determine the optimal prescription process: 4 mg cholesterol, 1
mg Cel, 22 mg phospholipid, 5 s ultrasonic interval and 5 mL total prescription. The average particle size, polydispersion index,
potential and encapsulation efficiency of the three batches of liposomes were (93.50 +1.04) nm, 0.22 £1.81, (-5.70 +£0.26) mV and
(92.75 +0.61)% respectively. Compared with free Cel, MAN-Cel-lips had a certain sustained release effect. In vitro cell uptake
experiment results showed that the uptake efficiency of Man-Cel- Lips was higher than that of other groups (P < 0.05), and increased
with the increase of dose (P < 0.05). Conclusion Man-Cel-Lips were successfully prepared and optimized, and the targeting
activity of Man-Cel-Lips was enhanced, which laid a foundation for the follow-up study of its anti-inflammatory activity.
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ALUEREET 2 Wk, WSCERUEWR, RIS

(3) FATEXT BV : A5 % B Man-Lips 1 mL,
) A A VR T £ V2R, BAS B ) R A
223 LEMS  HRlHeE R MR IETR . IR
AV (20 pg/mL) AP RGAWR, 1% “2.2.17
T R 2 A 2 I REI e, il sk i . Wil 1
FizR, Cel 7E 9.4~9.6 min Hi, (i 7y 55 5 14T,
FUE 5 R G2 7 B, IV RO Cel M8
T, RPUARTELBERLE.

f\ Cel
A [l
I
- J
f"‘,‘CeI
B i
\g - _JI \\_—
C
- - — —
0 3 6 9 12

t/min
B 1 Man-Cel-Lips i @iER (A). Cel MRRIFR (B)
FFAMEXTRRIBE (C) B HPLC
Fig. 1 HPLC diagram of Man-Cel-Lips test solution (A),
Cel reference solution (B) and negative control solution (C)

224 MERARFE H “2.2.2 (1”7 TR &XR
VATRE R, % “2.2.17 TR SRR SE HE
o L Cel FREIREENBEALSR (XD, WETHIF WAL
b (YD ZhilbriEdh £, HEATLYERIE, 15 Cel [H)H
I Y=35.793 X—2.232, R?2=0.999 9, &5 FEH
Cel 7£ 10~35 pg/mL ZPEX R B IF.

225 HBEEMRLK  H Man-Cel-Lips 6 /3, 1%2.2.2
(2)7 TR 7 iER &AM IA i, #% “2.2.17 TR &
WA 2 o 25 SRR Cel P EIRIE N 20
ug/mL, RSD A4 0.20%, FREHZ 5 iEEE M R,
226 FEEEIRLE H “2.227 WF Cel XI5
W, 3% “2.2.17 TUR AR FARESLINE 6 IR, HE
K& % . 2553 Cel WETHIFY) RSD iy 0.23%, FHA{X

Ak R

227 FagEtEiREg B “2.2.27 WM HARIBR,
ST EIRTCE 0. 20 4. 8. 12. 24h, HUkE%
“2.2.17 TR RS REI E, e BT E]. 453
Cel WETH F{) RSD 9 0.34%, R BAALR A =
B FBCE 24 h WEE M R AT

2.2.8 JOFEEIYRRAL R 6 {3 Man-Cel-
Lips, % 1 mL, 2 A Cel X J& A (20 ug/mL)
1mL, #% “2.2.2 (20”7 WOPEfl& Ml mism, %
“2.2.17 TUNEAIEFAREEREIE, THEIFE RS
5% Cel M~FXhnkeREIYE7 101.90%, RSD K
0.18%, KIZIIENEME RUT.

23 OHERIHAEHNE

HU Man-Cel-Lips 2 mL, &3 i\ Sephadex
G-100 &t/ kR I LA PBS Wefit, WM ALl
7, BRE2mL, % “2.2.2 (2)” Wk, I
& “2.2.17 TR EIEZAAERENE, R “2.2.4”
WA RS Cel FRERE, FEitEHAaEEFRM

855 % =Wa/Wh

2B =We/Wn
Wa J9id i 5 A, W i AR AT A, We Sl T B8 5 A )
(258, W AERZG RGBT A 1) 5
24 FERIASTS TZHE

AR P VR A 2 i BT 7 25 SRS R Sk g v, i
SENHFERERE (XD Cel & (X2) SB[ bg
] (X3 FEAERFEE, IR (V) NHELR
b, [T & 5 mL, SREEARFHE 22 mg, #iE S
F 82K 2 Y6, % F Box-Benhken 1581+ 3 [ 155 52
IGHRIERR AT T2, HEREK. LWt 54
RN, HESPIE 2.

B 1 R H R\ Design-Expert 8.0.6.1
BA, BIAETRE Y=93.814+3.58 X1+2.71 Xo—
1.40 X3—3.28 X1X2—0.78 X1X3—0.20 XoX3—15.46
X12—4.60 X22—2.61 X5? (r=0.976 5, P<<0.05). il
o BEMERIS ATEN, AR X1y Xay XaXaon X2
X2 XX Y HAREFMW (P<0.05), KYTIA
BE (P=0.05), &P 23550 1T v
X1>>Xo> X, B JH [ 57 5 > Cel Jii £ > 8 75 [ i i
] . 187 F Design-Expert 8.0.6.1 % {21 % PK 25 22 [i]
Rvim S E, SR A 2.

AL, ZRHEES Xo 5 Xs BRI BOT-4%,
WEETEA S, 1 X1 5 Xov X1 5 X & m & &



PES 2024118 H53% H21#  Chinese Traditional and Herbal Drugs 2022 November Vol. 53 No. 21 - 6729 -
#& 1 Box-Behnken & it-l R HAEELERITHREER
Table 1 Experimental design scheme and results of Box-Behnken design-response surface method

F5 Xdmg  Xemg  Xals Y% | 5 Xdmg  Xo/mg  Xals Y% | FFS Xdmg  Xomg  Xals  YI%

1 7(+1) 18(+1) 5(0)  78.69 7 1 1.0 7 7130 | 13 4 02 7(+1) 84.86

2 4(0) 1.0 5 95.34 8 4 1.0 5 94.27 14 7 1.0 7 74.81

3 7 1.0 3(-1) 8175 9 4 1.0 5 94.08 15 4 1.0 5 92.16

4  1(-1) 02(-1) 5 62.24 | 10 7 0.2 5 7805 | 16 4 18 7 88.10

5 4 0.2 3 84.70 11 4 1.0 5 93.20 17 1 1.8 5 76.01

6 4 1.8 3 88.73 12 1 1.0 3 75.11

R2 HBEDHER
Table 2 Analysis results of variance
KR CEHM HBE E F1E P1E b/ SV SER HERE T % F g P{E
B 141155 9 156.84 32.29 <0.0001 | Xi? 1006.20 1 1006.20 207.18 <<0.0001
X1 102.53 1 10253 2111 0.0025 | X2? 89.24 1 89.24 18.37 0.003 6
X2 58.75 1 58.75 12.10 0.0103 | Xg? 28.66 1 28.66 5.90 0.0455
X3 15.74 1 1574 324 0.1149 | W% 34.00 7 4.86
X1X2 43.10 1 4310 8.87 0.0205 | ZALhI 28.28 3 9.43 6.59 0.050 0
X1Xs 2.45 1 245 050 05006 | #limz 5.72 4 1.43
X2X3 0.16 1 0.16 0.032 0.8628 | WEZ% 144555 16
100 1~
2 g g

‘N///’G
Xo/mg 0.6 X4/mg
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Xi/mg
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Xo b Y ARSI 535 o AR R R T JUIA0T 7 405 SR L B
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RHEEE 4 mg. Cel 1 mg. 4bJ7 8 5 mL. 75 B[] ]
b 5 so 3% Fik s A4k 77 T 2% 4% 3 it Man-Cel-Lips,
% “2.27 TR HPLC A& Cel &5, 3 kA
(A 253 ) 92.75%. 92.14%. 93.36%. L1t
Cel P tudf £ (92.75+0.61) %, SHAIFIINE

Xi/mg

2 FEEXT Man-Cel-Lips B RN & S =% E
Fig. 2 Response surface diagrams and contour maps of effects of various factors on encapsulation efficiency of Man-Cel-Lips
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B

3 Man-Cel-Lips #J TEM
Fig. 3 TEM image of Man-Cel-Lips
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Fig. 4 Man-Cel-Lips particle size distribution (A) and ¢
potential (B)
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-5 & 8000~14 000) 1, A 15 mL PBS (pH 7.4)
BB B, 37 °C. 100 r/min {RESERE, 45T 2.
4. 6. 8. 12, 24, 48 h HUFf 1 mL, JrthEELE
BRI . BRI 1 mL FEDRS), f% “2.2.17
T €8 Bl 2% A 7 5 T AR5 B ] i R IR (n=3),
[ B 2% 22 A [H] 261 U725 Cel 5 Cel-Lips 1AM TR
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JERLR, 12 h JE 2R BEE AR, 1M Cel-Lips 5
Man-Cel-Lips 22 12RE, R BHZE ]2 i g o 44
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Fig.5 Man-Cel-Lips release curve

Wb 5 = AR [E RE . SRR . DSPE-PEGa000-Man
DSPE-PEGa000 VA X 3K YR & & % (coumarin,
Couw), #% “2.1” i K J7i%HH1$ Man-Cou-Lips, Fi
AN DSPE-PEG2o00-Man LAl 4 Cou-Lips. U 4L
A KK RAW264.7 4 DAAsE LS B2 1 X 104 AN f T
48 LB, T 37 ‘C. 5% CO, 264t FHEF%, 5k
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7N, R A WAk €152 ), Man-Cou- Lips 241 /i iy
R
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5 FEE I 1) B 1 I 1 e
2.7.2 4B G BRSOl O HAE
K RAW264.7 4 i LLRE L2 B2 3X 108 ANl T 6
LR, A “27.17 DUREAE. 25252 h 558
FRIE, MANBEEREFREL, RS AR R A 40 A i
%, BLOCEgNE, ULPBS ¥E 1k, FnER PBS
SR RRAE, Mmoo Hidsk,
AR2H (8] LR A G 20 AT

gk 8. 9 Fizx, Man-Cou-Lips 3.0, 6.0
wmol/L  ZH 4 i (1) ¢ J6 58 5 6 3 = T HAh . (P<
0.05), H.7%tnm FE fifi 71 S 3 i iz sl g, 52980
STATETRYE =S 7F St 8
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Fig. 6 Fluorescence intensity of lipopolysaccharide induced

macrophages in different liposome groups with different doses
observed by fluorescence microscope (scale bar is 50 pm)
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Fig. 7 Fluorescence intensity of lipopolysaccharide induced
macrophages in different liposome groups with different doses
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Fig. 8 Fluorescence intensity of lipopolysaccharide-induced
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doses under flow cytometry
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Fig. 9 Fluorescence intensity statistics of lipopolysaccharide
induced macrophages in different liposome groups with
different doses
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