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More than 70% of new chemical entities (NCEs) have poor water solubility and therefore 
have reduced bioavailability. Poor bioavailability due to the insolubility is one of the 
major causes of attrition in the drug development pipeline.  It is reported that the failure 
rate of drugs entering Phase I trials is over 90%.1 Modifying the water solubility of 
Biopharmaceutics Classification System (BCS) Class 2 and 4 compounds (low solubility) 
directly impacts the bioavailability of drugs within these classes. Consequently, 
formulators regularly explore various approaches to improve the solubility of APIs in the 
preclinical stage to provide the potential for maximum exposure in safety studies, which 
often include strong solvents and emulsifiers that are not suitable for clinical 
formulation. Changing formulations between preclinical studies and the first-in-human 
clinical study delays time to clinical initiation and thus results in increased cost to the 
program and company.     
   
Physical modification such as nanomilling2, spray drying3, and micronization4 reduce 
particle size and increase surface area, thereby improving the drug dissolution rate or 
kinetic solubility.5 Amorphous solid dispersions (ADS)6 create non-ordered particles that 
also improve the kinetic dissolution of APIs, but the amorphous nature can be unstable, 
often converting to a crystalline form during storage. In addition, the required long 
development time and limited API availability during the early development phase make 
ADS a less attractive option. Functional lipid excipients used in self-emulsifying drug 
delivery systems (SEDDS), lipid-based drug delivery systems (LBDDS), and lipid 
nanoparticles (LNPs) have paved the way for the recent development of Nanoemulsions7 
which are formulated as parenteral dosage form. LNPs, such as Solid Lipid Nanoparticles 
(SLNs), and Nanostructured Lipid Carriers (NLCs) utilizing long-chain glycerides to 
provide a solid lipophilic matrix and can be incorporated into tablets8. However, LNP 
manufacturing is complex, and its physicochemical properties can lead to toxicology 
and drug expulsion challenges9.    
 
Micronization of API is probably the oldest technique for solubility enhancement.  This 
classical method of reducing particle size to increase surface area for better solubility 
has its own limitations, and the lower end of the mean particle size (D50) is typically 
limited to 10~100 micron (m) range. The main reason for this size limitation is that it 
requires great force to mill and there are inherent characteristics of micronized 
particulates that often causes challenges during drug manufacturing: self-agglomeration 
and static repulsion, to name a few.  
 
Nano PharmaSolutions, Inc. (San Diego, CA) has solved these challenging physical 
attributes of ultra-small particulates with its NanoTransformer® technology.  This novel 



2 

 

process generates drug nanoparticles by evaporating solid API under an ultra-low 
pressure and in situ coating of the drug nanoparticles onto excipients commonly used 
in formulation, namely mannitol, lactose, or other non-toxic hydrophilic filler/binder. Our 
nano-granulation (N-granule) technology can generate nanoparticles in the 100-300 nm 
range under very gentle conditions, ensuring degradation of API does not occur.  The 
nanosized drug contained within N-granules® is stable and does not get separated 
from the excipient under typical storage and handling conditions, which has been 
demonstrated with stability studies. Hydrophilic carriers such as mannitol, lactose, 
dextrose, etc. are commonly used in many dosage forms; therefore, the nanoparticle 
drug-coated filler/binder may be incorporated into oral, pulmonary, nasal, ocular, 
dermal, or injectable drug products. 
 
By using an ultra-high vacuum, our NanoTransformer® equipment can quickly 
transform solid phase API into vapor phase molecule at a moderate temperature, which 
is then deposited on a rapidly moving carrier solid (e.g. mannitol, lactose, etc.) in 
uniform thin nano-layers. When the nano-drug-coated carrier powder is mixed with 
water, these water-soluble carriers (e.g. mannitol or lactose) dissolve quickly, leaving 
drug nanoparticles suspended in water (Figure 1).  This N-granule® technology does 
not require any additional excipients than those commonly used in routine oral, nasal, 
dermal, and inhalant formulations; therefore, no additional chemicals, solvents, or new 
excipients are required to achieve nanosized drug particles. The required development 
time is short, often as few as a 3 weeks since NPS’s physical NanoTransformer™ 
technology can be uniformly applied to any small molecules that melt at atmospheric 
pressure.  The API requirement for initial evaluation for in vitro dissolution and animal 
PK study is as little as 10 grams.  This technology can be applied to both new drug 
candidates (preclinical candidates and early-stage clinical candidates), existing drugs for 
patent extension, and generic drug applications.  By improving the bioavailability of 
poorly solubilized drugs by NanoTransformer® technology, emerging as well as big 
Pharma companies can shorten the drug development time by reducing formulation 
iterations, enhancing life cycle management, and achieving the optimal delivery of drugs 
with low solubility.  
 
Figure 1. How Drug Nanoparticles are Freed in Water 
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Multiple kilogram scale of N-granules can be made with high drug loading under the 



3 

 

GMP conditions at Mikart (Atlanta, GA), a commercial scale CDMO using the Nano 
Transformer® equipment (Figure 2).  
 
Figure 2. GMP NanoTransformer® N-granulation Equipment at Mikart 
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