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The above principles can also be as well applied to making emulsified prod-
ucts. If the active drug is soluble in oils (if the active is a salt, often the base is oil 
soluble), an emulsion will help stabilize the drug.

Conclusions

In conclusion, there are several promising alternatives to lyophilization either cur-
rently in use for sterile products (aseptic crystallization/precipitation and drying, 
vacuum-drying), while sterile spray-drying is very near to commercialization, and 
leverages mature powder-filling technology. Early-phase concepts include bulk 
tank agitated freeze-drying, drying on a fiber matrix, and fully contained powder 
reconstitution and injection devices. Overall, there are strong reasons for optimism 
that within a decade, higher efficiency alternatives to lyophilization will be avail-
able as established technology.

References

  1.	 Akers Michael. Drug delivery: parenteral route. Chap. 85 in encyclopedia of pharmaceutical 
technology. 3rd edn., by James Swarbrick, pp. 1266–78. Informa Healthcare, 2006.

  2.	 Alcock R, Cottingham MG, Rollier CS, Furze J, Hanlon M, Spencer AJ, Honeycutt JD, De 
Costa SD, Gilbert SC, Bregu M, Hill AV, Wyllie DH. Long-term thermostabilization of live 
poxviral and adenoviral vaccine vectors at supraphysiological temperatures in carbohydrate 
glass. Sci Transl Med. 2010;2(19):1–12.

  3.	 Bowen M, Turock R, Maa Y-F. Spray drying of monoclonal antibodies: investigating powder-
based biologic drug substance bulk storage. Drying Technol: An Int J. 2013;31(13–14):1441–50.

  4.	 Cao W, Ricci MS, Shih L-Y, Liu D, Krishnan S. Rational design of lyophilized high concen-
tration protein formulations-mitigating the challenge of slow reconstitution with multidisci-
plinary strategies. Eur J Pharm Biopharm. 2013;82(2):287–93.

  5.	 Chen D, Goel A, Suresh K, Beri S, Hickling J, Jensen J, Lal M, Kapre S, Laforce M, 
Kristensen D, Preaud JM. Thermostable formulations of a hepatitis B vaccine and a men-
ingitis A polysaccharide conjugate vaccine produced by a spray drying method. Vaccine. 
2010;28:5093–9.

  6.	 Cherian M. Purification by removing the high boiling solvents from drug formulations in the 
presence of a low boiling co-solvent mixture. US Patent 6045808 A. 2000.

  7.	 Dani B, Platz R, Tzannis ST. High concentration formulation feasibility of human immuno-
glubuling for subcutaneous administration. J Pharm Sci. 2007. doi:10.1002/jps.

  8.	 DeMarco F, Renzi E. Bulk freeze drying using spray freezing and stirred drying. WIPO Pat-
ent Application# WO 2012018320 A1. August 4, 2010.

  9.	 Genosar, Amir. CEO, AktiVax, Inc. (May 15, 2014).
10.	 Gladd T. Using spray drying for flu vaccines: what challenges do we need to overcome? 

Pharmaceutical Online, April 14th, 2014.
11.	 Greb E. Is spray drying a viable alternative to lyophilization? PharmTech.com, December 

16th, 2009.
12.	 Hill RE. Time to reconstitution: purified Fab antivenom vs. unpurified IgG antivenom. Toxi-

con. 2001;39(5):729–31.




