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Review and prospect on preparation technology of drug
nanocrystalsin the past thirty years
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Abstract: Nanocrystals is a hot topic of poorly soluble drug delivery system under development. Nano-
crystals is different from the nanoparticles for drug unloading in polymer materials, and nanocrystals is different
from solid dispersion system, in which the drug maintains crystals state. Nanocrystals has a simple preparation
process, represents an effective technology in the improvement of solubility and bioavailability of poorly soluble
drugs, and has a very promising industrialization application and development potential. In this paper, we
retrospect the development history of drug nanocrystals technology, review development of the preparation
methods of nanocrystals, and analyze the existing problems to provide a reference to the development of drug

nanocrystal's preparation.
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Table1l Patent technologies on production of nanocrystals
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Technology Patent No. Year Inventor Process parameter Advantage Ref.
Hydrosol GB2200048 1988  Novartis Rate of addition of solvent, Lower particle size can be obtained, [8]
solubility of drug in antisolvent, amorphous character in final prod-
amount of stabilizer, ratio of uct, increase in solubility
solvent/antisolvent
NanoMorph  D19637517 2002  Soligs/Abbott [9]
Nanocrystals  US5145684 1991  Elan Nanosystems Milling speed, milling time, Easy industrial applicability, sim- [10]
amount of milling media, drug ple process, high drug loading,
amount, temperature avoid use of organic solvent
IDD-P US5091188 A 1992  Duncan H. Haynes Homogenization cycle, homog- Suitable for all kind of drugs, eassy  [11]
enization temperature, hardness reproducibility, less contamination
of drug as compared to media milling, high
rate of production
Dissocubes  US5858410 1994  SkyePharma [12]
Nanopure PCT/EP00/06535 2000 PharmaSol [13]
NANOEDGE US 6607784 2003 Baxter International Inc.  Precipitation combined with Less number of cycle and energy [14]
homogenization required to reduce the particle size
H42 W02006094808 2005 Pharmasol Gmbh Spray-drying combined with Able to produce particle size below  [15]
A3 homogenization 100 nm which is not
feasible by any of the top-down
technology, less cycle of high
pressure homogeni zation required
H96 WQ02006108637A2 2007  Pharmasol Gmbh Freeze-drying combined with [16]
homogenization
CT US20100047297 2010  Abbott Gmbh Media milling combined with [17]
homogenization
ARTcrystal US2013/0095198 2013  Pharmasol Gmbh High-speed rotor-stator dispersion [18]

combined with homogenization
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Table2 Nanocrystals products in development and on the market.  WMM: Wet media milling; HPH: High press homogenization; CP:

Cavi-precipitation

Trade name Drug Company Method Therapeutic effect Status
Verelan PM Verapamil Schwarz Pharma Top-down (WMM)  Antiarrhythmia Approved (FDA, 1998)
Rapamune Sirolimus Wyeth Top-down (WMM)  Immunosuppre-ssant ~ Approved (FDA, 2000)
Focalin XR Dexmethylphenidate hydrochloride Novartis Top-down (WMM)  Antipsychatic Approved (FDA, 2001)
Avinza Morphine sulfate King Pharm Top-down (WMM)  Antichronic pain Approved (FDA, 2002)
Ritalin LA M ethylphenidate hydrochloride Novartis Top-down (WMM)  Antipsychotic Approved (FDA, 2002)
Herbesser Diltiazem Mitsubishi Tanabe Pharma  Top-down (WMM)  Antiangina Approved (JMH, 2002)
Zanaflex Tizanidine hydrochloride Acorda Top-down (WMM)  Muscle relaxant Approved (FDA, 2002)
Emend Aprepitant Merck Top-down (WMM)  Antiemetic Approved (FDA, 2003)
Tricor Fenofibrate Abbott Top-down (WMM)  Hypercholesterolemia Approved (FDA, 2004)
Cesamet Nabilone Lilly Bottom-up (CP) Antiemetic Approved (FDA, 2005)
Megace ES Megestrol acetate Par Pharma Top-down (WMM)  Appetite stimulant Approved (FDA, 2005)
Triglide Fenofibrate Skye Pharma Top-down (HPH) Hypercholesterolemia Approved (FDA, 2005)
Naprelan Naproxen sodium Wyeth Top-down (WMM)  Anti-inflammation Approved (FDA, 2006)
Theodur Theophylline Mitsubishi Tanabe Pharma  Top-down (WMM)  Bronchial dilation Approved (FDA, 2008)

Invega Sustenna  Paliperidone palmitate Janssen Top-down (HPH)  Antidepressant Approved (FDA, 2009)
InvegaTrinza  Paliperidone palmitate Janssen Top-down (HPH))  Antidepressant Approved (FDA, 2015)
Aristada Aripiprazole lauroxil Alkermes Top-down (HPH) Schizophrenia Approved (FDA, 2015)
Panzem 2-Methoxyestradiol EntreMed Top-down (WMM)  Anti-tumor Phase Il (FDA)
Semapimod Guanylhydrazone Ferring Top-down (WMM)  Anti-inflammation Phase Il (FDA)
Paxceed Paclitaxel Angiotech Pharmaceuticals Top-down (HPH) Anti-tumor Phase Il (FDA)
Theralux Thymectacin Celmed BioSciences Top-down (WMM)  Anti-tumor Phase Il (FDA)
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Figurel The schematic image of media milling
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Figure3 The schematic image of homogenization
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Figure4 Schematic description of standard and combinative particle size reduction technologies
Table3 The study cases of drugs processed with the combinative particle size reduction technologies
Combinative Pretreatment Particle size reduction Mean particle  Size reduction process
Drug . Ref.
technology (bottom-up) technology size/nm (top-down)

Nanoedge Microprecipitation HPH Prednisolone 640 68.95 MPafor 15 min [34]
Nanoedge Microprecipitation HPH Glabridin 149.2 68.95 MPafor 30 min [35]
Nanoedge Microprecipitation HPH Herpetrione 243 [36]
Nanoedge Microprecipitation HPH 10-Hydroxycamptothecin 22 68.95 MPafor 30 min [37]
H69 Cavi-precipitation HPH Prednisolone 787 150 MPafor 6 min [38]
H69 Cavi-precipitation HPH Ursodeoxycholic acid 372 60 MPafor 10 cycles [39]
H96 Freeze-drying HPH Aprepitant 35.82 150 MPafor 5 cycles [40]
H42 Spray-drying HPH Hydrocortisone acetate 281 150 MPafor 20 cycles [41]
H96 Freeze-drying HPH Glibenclamide 355 150 MPafor 20 cycles [42]
PLH Precipitation-freeze-drying HPH Clarithromycin 444 150 MPafor 5 cycles [43]
CT Pearl milling HPH Hesperidin 599 100 MPafor 5 cycles [44]
CT Pearl milling HPH Nicergoline 353 150 MPafor 10 cycles [45]
MRT Microfluids reaction HPH Norfloxacin 170 138 MPa [46]
ART crystals ART MICCRA HPH Rutin 431 50 MPafor 5 cycle [18]
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