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ABSTRACT

BACKGROUND AND OBJECTIVE:

A large number of new development drugs are soluble poorly in both organic and aqueous media which shows a low
bioavailability using formulation traditional methods. A promising approach to solve this problem is the formation of
nanosuspensions. Various articles about the increasing solubility and bioavailability of poorly soluble or insoluble
drugs by nanosuspension were evaluated. In formulation of nanosuspensions, submicron-sized drug particles are
dispersed in a liquid phase then they stabilize using surfactants. With respect to the studies in the subject, in order to
eliminate the toxicity or to increase efficiency of drugs, nanosuspension formulation was used to formulate drug
components. The main advantages of this approach are its application for the most drugs and doing it simply. In this
work, common approaches of the preparation of nanosuspensions, its unique properties, advantages, potential
applications and stability evaluation techniques, is mentioned. Considering the specific features of nanosuspensions
such as, increasing saturation solubility and dissolution rate, increased adhesion, ease of manufacturing process and
scale-up and versatility (flexibility offered in the modification of surface properties and particle size), there will be
many applications for this formulation in different routes of drug delivery.

KEY WORDS: Nanosuspension, Low-soluble drugs, Solubility, Stability, Optimization, Bioavailability, Particle size
distribution, Microfluidic, Nucleation, Polydispersity index.

“Corresponding Author;

Address: Department of Nanotechnology, The Persian Gulf Nuclear Medicine Research Center, The Persian Gulf Biomedical Sciences Institute,
Bushehr University of Medical Sciences, Bushehr, Iran.

Tel: +98 771 2520361

E-mail:m.aghajani@bpums.ac.ir


http://dx.doi.org/10.18869/acadpub.jbums.15.2.79
https://dor.isc.ac/dor/20.1001.1.15614107.1391.15.2.10.1

[ DOR: 20.1001.1.15614107.1391.15.2.10.1 ]

[ DOI: 10.18869/acadpub.jbums.15.2.79 ]

J Babol Univ Med Sci; 15(2); Mar 2013
Nanosuspensions: a New Approach in Drug Delivery; M. Aghajani, et al

References

1.Hu J, Johnston KP, Williams RO, 3rd. Nanoparticle engineering processes for enhancing the dissolution rates of
poorly water soluble drugs. Drug Dev Ind Pharm 2004:30(3):233-45.

2.Merisko-Liversidge E, Liversidge GG, Cooper ER. Nanosizing: a formulation approach for poorly-water-soluble
compounds. Eur J Pharm Sci 2003;18(2):113-20.

3.Hecq J, Deleers M, Fanara D, Vranckx H, Amighi K. Preparation and characterization of nanocrystals for solubility
and dissolution rate enhancement of nifedipine. Int J Pharm 2005;299(1-2):167-77.

4.Merisko-Liversidge EM, Liversidge GG. Drug nanoparticles: formulating poorly water-soluble compounds. Toxicol
Pathol 2008;36(1):43-8.

5.Nagarwal RC, Kumar R, Dhanawat M, Das N, Pandit JK. Nanocrystal technology in the delivery of poorly soluble
drugs: an overview. Curr Drug Deliv 2011;8(4):398-406.

6.Junghanns JU, Muller RH. Nanocrystal technology, drug delivery and clinical applications. Int J Nanomedicine
2008;3(3):295-309.

7.Jinno J, Kamada N, Miyake M, et al. Effect of particle size reduction on dissolution and oral absorption of a poorly
water-soluble drug, cilostazol, in beagle dogs. J Control Release 2006;111(1-2):56-64.

8.Kesisoglou F, Panmai S, Wu Y. Nanosizing--oral formulation development and biopharmaceutical evaluation. Adv
Drug Deliv Rev 2007;59(7):631-44.

9.Sharma A, Jain C. P, Techniques to enhance solubility of poorly soluble drugs: a review. J Global Pharm Technol
2010:2(2):18-28.

10.Jacobs C, Kayser O, Muller RH. Nanosuspensions as a new approach for the formulation for the poorly soluble drug
tarazepide. Int J Pharm 2000;196(2):161-4.

11.Muller RH, Jacobs C, Kayser O. Nanosuspensions as particulate drug formulations in therapy: Rationale for
development and what we can expect for the future. Adv Drug Deliv Rev 2001;47(1):3-19.

12.Nayak S, Panda D, Sahoo J. Nanosuspension: A novel drug delivery system. J Pharm Res 2010;3(2):241-6.
13.Langguth P, Hanafy A, Frenzel D, et al. Nanosuspension formulations for low-soluble drugs: pharmacokinetic
evaluation using spironolactone as model compound. Drug Dev Ind Pharm 2005;31(3):319-29.

14 Krishna KB, Prabhakar C. A review on nanosuspensions in drug delivery. Int J Pharma and Bio Sci 2011;2(1):549-
58.

15.Moschwitzer J, Achleitner G, Pomper H, Muller RH. Development of an intravenously injectable chemically stable
aqueous omeprazole formulation using nanosuspension technology. Eur J Pharm Biopharm 2004;58(3):615-29.

16. Ali HS, Blagden N, York P, Amani A, Brook T. Artificial neural networks modelling the prednisolone
nanoprecipitation in microfluidic reactors. Eur J Pharm Sci 2009;37(3-4):514-22.

17.Ali HS, York P, Blagden N. Preparation of hydrocortisone nanosuspension through a bottom-up nanoprecipitation
technique using microfluidic reactors. Int J Pharm 2009;375(1-2):107-13.

18.Aghajani M, Shahverdi AR, Rezayat SM, Amini MA, Amani A. Preparation and optimization of acetaminophen
nanosuspension through nanoprecipitation using microfluidic devices: an artificial neural networks study. Pharm Dev
Technol 2012 Jan 19. [Epub ahead of print]

19.Koteshwara K, Reddy MS, Anup N, Madhavan N. Nanosuspensions: a novel drug delivery approach. Int J Res
Ayurveda Pharmacy 2011;2(1)162-5.

20.Muller RH, Peters K. Nanosuspensions for the formulation of poorly soluble drugs I. Preparation by a size-reduction
technique. Int J Pharm 1998;160(2):229-37.

21.Kocbek P, Baumgartner S, Kristl J. Preparation and evaluation of nanosuspensions for enhancing the dissolution of
poorly soluble drugs. Int J Pharm 2006;312(1-2):179-86.


http://dx.doi.org/10.18869/acadpub.jbums.15.2.79
https://dor.isc.ac/dor/20.1001.1.15614107.1391.15.2.10.1

[ DOR: 20.1001.1.15614107.1391.15.2.10.1 ]

[ DOI: 10.18869/acadpub.jbums.15.2.79 ]

WY sl /Y oless /wlab).»l; 093 ¢ b (S pole oKl dle

OlSan 518 SLET (sage 1(53lo )l 1 (g 6,509 1o yspuilpususls

22.Ali HS, York P, Ali AM, Blagden N. Hydrocortisone nanosuspensions for ophthalmic delivery: A comparative
study between microfluidic nanoprecipitation and wet milling. J Control Release 2011;149(2):175-81.

23.D'Addio SM, Prud'homme RK. Controlling drug nanoparticle formation by rapid precipitation. Adv Drug Deliv Rev
2011;63(6):417-26.

24 Venkatesha T, Kumar Reddy A, Uma Maheswaria J, Deena Dalith M, Ashok Kumar CK. Nanosuspensions: ideal
approach for the drug delivery of poorly water soluble drugs. Der Pharmacia Lettre 2011;3(2):203-13 .

25.Wu L, Zhang J, Watanabe W. Physical and chemical stability of drug nanoparticles. Adv Drug Deliv Rev
2011;63(6):456-69.

26.Verma S, Kumar S, Gokhale R, Burgess DJ. Physical stability of nanosuspensions: investigation of the role of
stabilizers on Ostwald ripening. Int J Pharm 2011;406(1-2):145-52.

27.Patravale VB, Date AA, Kulkarni RM. Nanosuspensions: a promising drug delivery strategy. J Pharm Pharmacol
2004;56(7):827-40.

28.Das S, Suresh PK. Nanosuspension: a new vehicle for the improvement of the delivery of drugs to the ocular
surface. Application to amphotericin B. Nanomedicine 2011;7(2):242-7.

29.Rabinow BE. Nanosuspensions in drug delivery. Nat Rev Drug Discov 2004;3(9):785-96.

30.Ravichandran R. Nanotechnology-based drug delivery systems. NanoBiotechnology 2009;5(1-4):17-33.

31.Rao GC, Kumar MS, Mathivanan N, Rao ME. Nanosuspensions as the most promising approach in nanoparticulate
drug delivery systems. Pharmazie 2004;59(1):5-9.

32.Arunkumar N, Deecaraman M, Rani C. Nanosuspension technology and its applications in drug delivery. Asian J
Pharm 2009;3(3):168-75.

33.Shah T, Patel D, Hirani J, Amin AF. Nanosuspensions as a drug delivery systems- A comprehensive review. Drug
Deliv Technol 2007;7:42-53.

34 Lindfors L, Skantze P, Skantze U, Rasmusson M, Zackrisson A, Olsson U. Amorphous drug nanosuspensions. 1.
Inhibition of Ostwald ripening. Langmuir 2006;22(3):906-10.

35.Mauludin R, Muller RH, Keck CM. Kinetic solubility and dissolution velocity of rutin nanocrystals. Eur J Pharm
Sci 2009;36(4-5):502-10.

36.Muller RH, Jacobs C. Production and characterization of a budesonide nanosuspension for pulmonary
administration. Pharm Res 2002;19(2):189-94.

37.Dressman JB, Amidon GL, Reppas C, Shah VP. Dissolution testing as a prognostic tool for oral drug adsorption:
immediate release dosage forms. Pharm Res 1998;15(1):11-22.

38.Horter D, Dressman JB. Influence of physicochemical properties on dissolution of drugs in the gastrointestinal tract.
Adv Drug Deliv Rev 2001;46(1-3):75-87.

39.Van Eerdenbrugh B, Van den Mooter G, Augustijns P. Top-down production of drug nanocrystals: nanosuspension
stabilization, miniaturization and transformation into solid products. Int J Pharm 2008;364(1):64-75.

40.Patil Sonal A. Nanosuspension: at a glance. Int J Pharm Sci 2011;3(1):947-60.

41.Dokoumetzidis A, Macheras P. A century of dissolution research: from Noyes and Whitney to the biopharmaceutics
classification system. Int J Pharm 2006;321(1-2):1-11.

42 Kayser O, Olbrich C, Yardley V, Kiderlen AF, Croft SL. Formulation of amphotericin B as nanosuspension for oral
administration. Int J Pharm 2003;254(1):73-5.

43 Muller RH, Jacobs C. Buparvaquone mucoadhesive nanosuspension: preparation, optimisation and long-term
stability. Int J Pharm 2002;237(1-2):151-61.

44 Liu Y, Bacon ER, Ballinger K, et al. Pharmacokinetics and hepatic disposition of bis [1-(ethoxycarbonyl) propyl] 5-
acetylamino-2, 4, 6-triiodoisophthalate in rats and isolated perfused rat livers. Drug Metab Dispos 2000;28(7):731-6 .


http://dx.doi.org/10.18869/acadpub.jbums.15.2.79
https://dor.isc.ac/dor/20.1001.1.15614107.1391.15.2.10.1

[ DOR: 20.1001.1.15614107.1391.15.2.10.1 ]

[ DOI: 10.18869/acadpub.jbums.15.2.79 ]

J Babol Univ Med Sci; 15(2); Mar 2013
Nanosuspensions: a New Approach in Drug Delivery; M. Aghajani, et al

45 Moghimi SM, Hunter AC, Murray JC. Longcirculating and target-specific nanoparticles: theory to practice.
Pharmacol Rev 2001;53(2):283-18.

46.Pignatello R, Bucolo C, Ferrara P, Maltese A, Puleo A, Puglisi G. Eudragit RS100 nanosuspensions for the
ophthalmic controlled delivery of ibuprofen. Eur J Pharm Sci 2002;16(1-2):53-61.

47 Nagarwal RC, Kant S, Singh PN, Maiti P, Pandit JK. Polymeric nanoparticulate system: a potential approach for
ocular drug delivery. J Control Release 2009;136(1):2-13.

48.Kassem MA, Abdel Rahman AA, Ghorab MM, Ahmed MB, Khalil RM. Nanosuspension as an ophthalmic delivery
system for certain glucocorticoid drugs. Int J Pharm 2007;340(1-2):126-33.

49.Sahoo SK, Dilnawaz F, Krishnakumar S. Nanotechnology in ocular drug delivery. Drug Discovery Today
2008;13(3-4):144-51.

50.Bailey MM, Berkland CJ. Nanoparticle formulations in pulmonary drug delivery. Med Res Rev 2009;29(1):196-212 .
51.Gao L, Zhang D, Chen M. Drug nanocrystals for the formulation of poorly soluble drugs and its application as a
potential drug delivery system. J Nanopart Res 2008;10(5):845-62.

52.Chow AH, Tong HH, Chattopadhyay P, Shekunov B. Particle engineering for pulmonary drug delivery. Pharm Res
2007;24(3):411-37.

53.Johnson KA. Interfacial phenomena and phase behavior in metered dose inhaler formulations. Lung Biol Health Dis
2007;221:347-72.

54.Sung JC, Pulliam BL, Edwards DA. Nanoparticles for drug delivery to the lungs. Trends Biotechnol
2007;25(12):563-70.

55.Shekunov BY, Chattopadhyay P, Tong HH, Chow AH. Particle size analysis in pharmaceutics: principles, methods
and applications. Pharm Res 2007;24(2):203-27.

56.Grau MJ, Kayser O, Miiller RH. Nanosuspensions of poorly soluble drugs-reproducibility of small scale production.
Int J Pharm 2000;196(2):155-9.

57 Kuentz M, Rothlisberger D. Rapid assessment of sedimentation stability in dispersions using near infrared
transmission measurements during centrifugation and oscillatory rheology. Eur J Pharm Biopharm 2003;56(3):355-61.
58.Singh BP, Menchavez R, Takai C, Fuji M, Takahashi M. Stability of dispersions of colloidal alumina particles in
aqueous suspensions. J Colloid Interface Sci 2005;291(1):181-6.

59.Sjoberg M, Bergstrom L, Larsson A, Sjostrom E. The effect of polymer and surfactant adsorption on the colloidal
stability and rheology of kaolin dispersions. Colloids Surf A Physicochem Eng Asp 1999;159(1):197-208.

60.Mishra PR, Shaal LA, Miiller RH, Keck CM. Production and characterization of Hesperetin nanosuspensions for
dermal delivery. Int J Pharm 2009;371(1):182-9.

61.Patel VR, Agrawal YK. Nanosuspension: an approach to enhance solubility of drugs. J] Adv Pharm Technol Res
2011;2(2):81-9.

62.Lindfors L, Skantze P, Skantze U, Westergren J, Olsson U. Amorphous drug nanosuspensions. 3. Particle
dissolution and crystal growth. Langmuir 2007;23(19):9866-74.

63.Lindfors L, Forssén S, Westergren J, Olsson U. Nucleation and crystal growth in supersaturated solutions of a
model drug. J Colloid Interface Sci 2008;325(2):404-13.

64.Ressler T, Jentoft RE, Wienold J, Giinter MM, Timpe O. In situ XAS and XRD studies on the formation of Mo
suboxides during reduction of MoO3. J Phys Chem B 2000;104(27):6360-70.

65.Ensikat HJ, Boese M, Mader W, Barthlott W, Koch K. Crystallinity of plant epicuticular waxes: electron and X-ray
diffraction studies. Chem Phys Lipids 2006;144(1):45-59.

66.Heurtault B, Saulnier P, Pech B, Proust JE, Benoit JP. Physico-chemical stability of colloidal lipid particles.
Biomaterials 2003;24(23):4283-300.


http://dx.doi.org/10.18869/acadpub.jbums.15.2.79
https://dor.isc.ac/dor/20.1001.1.15614107.1391.15.2.10.1
http://www.tcpdf.org

