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Abstract: Objective To prepare celastrol nanosuspensions (Cel-NSps) using poloxamer 188 as stabilizer in order to improve the
solubility, drug release, and anti-tumor activity of celastrol. Methods The Cel-NSps were prepared by miniaturized media milling
method and anti-solvent precipitation method. The particle size, morphology, and drug crystalline of the resultant nanosuspensions
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were examined via dynamic light scattering, transmission electron microscopy and X-ray powder diffraction assay. We also evaluated
their particle size change in different physiological media and in vitro release profile via dialysis bag method. MTT assay was used to
evaluate their in vitro cytotoxicities against 4T1, HepG2, SK-MEL-28 and MCF-7 cells. Results The average particle size of
Cel-NSps prepared by the miniaturized media milling method was (215.7 £0.7) nm, with the PDI of 0.17 £0.02, Zeta potential of
(—18.0 = 0.6) mV, and the average drug loading of (87.62 + 1.02)%. The resultant nanosuspensions were irregular in shape and the
drug existed in a crystal state. They were quite stable in PBS, normal saline, 5% glucose, plasma, and artificial intestinal juice, but
unstable in artificial gastric juice. For the Cel-NSps prepared via precipitation method, the average particle size of (133.1 0.8) nm,
PDI of 0.13 + 0.02, Zeta potential of (=16.9 = 1.2) mV, and the drug loading of (86.39 + 0.21)%, their shape was almost spherical. In
this case, Cel was in an amorphous form and Cel-NSps were stable in various physiological media, which could be used for oral or
intravenous administration. As to the in vitro release experiments, the nanosuspension prepared by the miniaturized media milling
method showed a uniform and slow release, with a cumulative release rate of 54.40% within 144 h, while the nanosuspension prepared
by precipitation method showed a two-phase release, a rapid release in the first 48 h followed by a very slow release with a cumulative
release of 73.12% within 144 h, in contrast of only 11.09% within 144 h for free Cel. MTT assay showed that Cel-NSps had a significant
cytotoxicities against 4T1, HepG2, SK-MEL-28 and MCF-7 cells in a dose-dependent manner, with the 1Cso of 0.92—1.96 pg/mL.
Conclusion Cel-NSps were successfully prepared via two different method using P188 as a stabilizer with small particle size and
high drug loading. Nanosuspension helped to solve the problem of poor solubility and low release of free Cel with the preparation
method being simple and easy to scale up for industrial production. The research result of this paper provided a foundation for the
development of new drugs on the basis of Cel.

Key words: celastrol; nanosuspensions; media milling method; anti-solvent precipitation method; drug loading content; in vitro

evaluation; solubility; release rate; antitumor efficacy; MTT assay; cytotoxicities
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Fig. 2 Particle size and Zeta distribution of Cel-NSps prepared by miniaturized media milling method (A) and precipitation

method (B)
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Fig. 3 Transmission electron microscope photo of Cel-NSps
prepared by miniaturized media milling method (a) and

precipitation method (b)

YW H 20 79 3°~80°, L 6 °/min. 45 R ALK
4, £ XRD K, Cel I H 5 Z 1 dn BUAT ST 0,
ULH Cel 725K} 25 b DL A B A7 AE ;s Cel F11 P188
(R BRI A VD 2R DAL HE A [R) ) AR AR AT S e, 1 B AR VR
HEYH Cel 5L RAELE: A T B
il 5 1) Cel-NSps(a) I HAH [ df AR AT i 0,
YHHTE Cel-NSps(a) ' Cel 5PASH AL AAFAE; UL
VEVET ) Cel-NSps(b) b BUATHIETE AWK,
B £ Cel-NSps(b) ' Cel VLT & JE K X AFAE
Cel-NSps(c) AUTTE L % K RLAE 4 CTE 3 1
HEIFES, H XRD BEEA WA AL AT 506 H 3,
Tt BHAE T B FE TR 9Kk 29K AR T e T4 -

| J,I-Jm_«_i%__ Cel-NSps(a)
e~ CelNSpsb)
Cel-NSps(c)
J L MELREY)
PR WL E LY B S B Y U, - —
| ‘ |

| 1

o _ﬂJ_.“t,u“»f‘vj—\m.‘wwmﬂhm, e ce
I I\’x_._., I N 7P.18_8. S

0 20 40 60 80

20/(°)

El4 Cel-NSps.Cel JR#}25.Cel 1 P188 HUYIEE A4 (8 :
1). P188 ) XRD [#

Fig. 4 XRD patterns of Cel-NSps, Cel in bulk powder,
P188, and physical mixture of Cel in bulk powder and P188
@8:1

2.6 WEREMMR

WA IS VA £ (1) Cel-NSps(a) FUTTE
1M % 1) Cel-NSps(b) #HHE T 4 C, 25I7E 0+
2. 4. 8. 15, 23, 30 d B HUFEEIIRIAR, 25 ILER 1,
4 CHUE 30 d 9KRDRifETE R A8k, H IR AT
W BREEMPTIE LR, B 2 Bl J7 ¥ i 2% 1)
Cel-NSps 7£ 4 C FREFEASELE 30 do
2.7 HEBENRBEMMR
2.7.1 Cel-NSps fEAHA i F KRR ¥ Cel-



)

Chinese Traditional and Herbal Drugs

HsS13% E8H 202084 H *2129 -

%1 Cel-NSps 7£ 4 CHERRVKI R
Table 1 Particle size change of Cel-NSps at 4 'C

Cel-NSps(a) Cel-NSps(b)

t/d
Fif%/mm PDI Hr % /mm PDI
0 215.7£0.7 0.17£0.02 151.7+23 0.15%+0.02
2 2145%+6.1 0.15£0.02 153.9+3.1 0.15+0.05
4 216.1%£38 0.17£0.03 1589+1.2 0.16%0.06
8 2209+1.1 0.18%£0.04 156.9+45 0.16%20.03
15 217.8+3.8 0.19+0.02 154.7£3.0 0.15%£0.02
23 212.6%54 0.14+0.02 157.8%4.0 0.17£0.04
30 231.0+3.6 021%+0.03 152.8%£2.9 0.11%0.02
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Fig. 5 Particle size change and residual of Cel-NSps by miniaturized media milling method (A) and precipitation method (B)

in 0.9% NaCl, 5% glucose (Glu), phosphate buffer saline (PBS), artificial gastric juice, artificial intestinal fluid, and plasma at

37 C
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BT 90%; TM7E 0.9% NaCl. AT B WAL
W HE 8 h AT R ERAREE] 81%, HEMIFIZYY
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mmX4.6 mm, 5 pm), VBNHHALHE-0.005 mol/L
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“2.27 TJ7 ik £ Cel-NSps FIAS T 25125 1 NSps,
F €00 PR 8 i 42 TR 3R e AR, IRie %
IR G, R LE 6. Cel FI{RHERIEN 14.3
min, WEEXTFR, THE; THAYKRE 14.3 min
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Fig. 6 HPLC of Cel (A), Cel-NSps (B) and blank-NSps (C)
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NSps T, FHEMIGTRiEE (W) IA—ERKk
AR L R (1) 57, 13 000 r/min 250> 10 min,
IR 2 R IR (O, “PAT 3 1,
% T H B Z & (drug loading, DL) B4, DL=
CVIW . TSy T Sy 4% 1) Cel-NSps “F-¥4#% 2
B (87.62£1.02) %, YIIEER]# 1) Cel-NSps 1+
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Fig. 7 In vitro cumulative release curve of Cel-NSps
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