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• 药剂与工艺 • 

高载药量雷公藤红素纳米混悬剂的制备及体外评价 
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摘  要：目的  以泊洛沙姆 188（P188）为稳定剂制备高载药量的雷公藤红素纳米混悬剂（Cel-NSps），提高药物的溶解度、

释放度和抗肿瘤药效。方法  采用微型化介质研磨法和沉淀法制备 Cel-NSps，通过动态光散射法、透射电子显微镜和 X 射

线衍射（XRD）法对粒径、形貌和晶型进行表征并考察其稳定性，透析袋法考察体外释放情况；MTT 法评价其对小鼠乳腺

癌细胞 4T1、人肝癌细胞 HepG2、人皮肤恶性黑色素瘤细胞 SK-MEL-28、人乳腺癌细胞 MCF-7 的细胞毒性。结果  微型介

质研磨法制备的 Cel-NSps 平均粒径为（215.7±0.7）nm，多分散指数（PDI）为 0.17±0.02，Zeta 电位为（−18.0±0.6）mV，

平均载药量为（87.62±1.02）%，形状不规则，药物在纳米混悬剂中以晶形态存在；在磷酸盐缓冲液（PBS）、0.9% NaCl、

5%葡萄糖、血浆和人工肠液中能稳定存在，但在人工胃液中不稳定；沉淀法制备的 Cel-NSps 平均粒径为（133.1±0.8）nm，

PDI 为 0.13±0.02，Zeta 电位为（−16.9±1.2）mV，平均载药量为（86.39±0.21）%，近乎球形，药物在纳米混悬剂中以无

定形态存在，在各种生理介质中都能稳定存在，可用于口服或静脉注射给药。微型化介质研磨法制备的 Cel-NSps 呈匀速缓

慢的释放，144 h 累积释放 54.40%；沉淀法制备的纳米混悬剂呈两相释放，前 48 h 快速均匀释放，之后非常缓慢释放，144 

h 累积释放 73.12%，而原料药 144 h 仅释放 11.09%。MTT 实验表明，Cel-NSps 对 4T1、HepG2、SK-MEL-28、MCF-7 细胞

具有显著的生长抑制作用且呈剂量依赖性，对 4 种细胞的 IC50在 0.92～1.96 μg/mL。结论  以 P188 为稳定剂用 2 种不同方

法制备了小粒径、高载药量的 Cel-NSps，成功解决了溶解度差和释放度低的难题，且制备方法简单，易于工业化生产，为

雷公藤红素的新药研发奠定了基础。 
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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 IC50 of 0.92—1.96 μg/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 
 

据统计，在新药研发过程中约有 70%的候选药

物在制剂开发阶段因溶解度低、生物利用度低而被

淘汰[1]。近年来，纳米技术的发展为解决难溶性药

物的溶解度和口服生物利用度提供了新思路[2-4]。纳

米混悬剂（nanosuspension，NSps）是指以少量表

面活性剂或高分子聚合物为稳定剂，将纯药物纳米

颗粒分散于水中而形成的一种亚微米胶体分散体

系，几乎适用于所有难溶性药物，可用于口服、注

射、经皮、肺部和眼部等给药途径[5-7]。NSps 的制

备主要有 3 种：自上而下（top-down）技术、自下

而上（bottom-up）技术和二者联用技术。与普通的

微米混悬剂相比，纳米混悬剂具有粒径小、载药量

高和生物黏附的特点，可以显著提高难溶性药物的

溶解度和溶出度，进而提高生物利用度和药效，同

时还可通过进一步表面修饰，实现长循环和靶向给

药，降低给药剂量和不良反应等[8]，具有良好的应

用前景。 

雷公藤红素（celastrol，Cel），又名南蛇藤素，

1936 年由赵承瑕首次从传统中药雷公藤的根部分

离得到，是一种五环三萜类化合物（化学结构见图

1）[9]，可以和体内蛋白的半胱氨酸残基中的巯基发

生迈克尔加成反应，生成共轭加成产物影响多种蛋

白或酶的活性，从而调节细胞内多种信号途径，产

生多种药理作用[10]，如抗炎及免疫抑制[11]、抗肿

瘤[12-13]、抗氧化[14]及抗肥胖[15-16]等药理作用。近些 

 

图 1  Cel 的结构式及药理作用基础 

Fig. 1  Structure and pharmacological effects of Cel 

年 Cel 的抗肿瘤活性受到广泛关注，其对肺癌[17]、

肝癌[18]、乳腺癌[19-20]、骨肉瘤[21]、胃癌[22]、白血

病[23]、宫颈癌[24]等均具有显著的抑制作用，其抗肿

瘤机制涉及阻滞细胞周期、诱导凋亡、抑制血管新

生及细胞侵袭和转移等方面，同时也是一种 P-糖蛋

白（P-gp）抑制剂，可以逆转机体多药耐药等[25-26]。

但是 Cel 在生物药剂学分类系统（BCS）中属于 BCS 

II 类，水溶性差（溶解度为 1.192 μg/mL）、溶出度

低、生物利用度低、肝和生殖毒性等限制了其临床

应用[27]。 

近些年来研究者已通过制剂手段来提高 Cel 的

溶解度和生物利用度，降低毒性。如陈欣妍等[28]利

用薄膜分散法制备了 Cel 脂质体，不仅达到了缓释

的目的，还提高了细胞摄取量，增强了 Cel 对 HepG2

细胞的毒性。黄萌萌等[29]制备了 Cel-薏苡仁组分微

乳，达到了协同减毒增效的目的，但是 Cel 的载药

量受到限制，仅有 1.08%。Soe 等[30]制备了叶酸靶
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