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ABSTRACT

The Biopharmaceutical classification system depends upon
the solubility of drugs. The level of bioavailability rises as
solubility rises. I of BCS has less solubility, which leads to
reducing the level of bioavailability of the drug in the body.
Nanotechnology is used in cases to improve the solubility of
poorly soluble drugs. In particular, nanosuspension is used
in these media

cases. High-pressure homogenization,

milling, melt emulsification, micro emulsification, and
supercritical fluid method are among the methods used in
the preparation of nanosuspension. These are the methods
that are used to improve the solubility of poorly soluble
drugs by producing nanosuspension to improve dissolution
velocity and saturation solubility and to increase bio
adhesiveness and also dissolution due to very small particle
size. Nanosuspension can be delivered by oral, parenteral,
pulmonary, and ocular routes. It can be used for targeted

drug delivery systems to produce drugs with high solubility

to use in the treatment of targeted tissue.
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INTRODUCTION:

According to BCS (Biopharmaceutical classification system) Which it having four
classes depends upon the solubility and permeability. In class 11, solubility is low as well
as bioavailability. @ Solubility can be defined as the ability of the solute to dissolve in
the solvent at a constant temperature. Some factors may affect the solubility process like
the nature of solvent and solute, pressure, temperature, etc So, according to BCS class, I
is having low solubility which leads to low bioavailability and High permeability. 23 To
enhance the solubility levels many approaches can be applied to increase the solubility
of the drugs, It includes. Micronation, co-solvent, salt formulations, fatty solutions,
etc.(®

To date, more than 40% of new chemical entities being generated through drug
discovery programs are lipophilic or poorly water-soluble drugs. ) Nanotechnology can
also be used to solve the problems associated with low solubility drugs, where it can

improve the solubility of drugs. ©®
Nanotechnology:

Nanotechnology can be defined as the science and engineering carried out on the nanoscale
that's 109 Nano suspension is derived from a very small biphasic dosage form. () Whereas
suspension has two phases, one is the dispersion phase and the other is the dispersion
medium. Nano suspension is a colloidal formulation of very small particles (nano size) of the

drug in water stabilized by surface-active agents.

Techniques such as Bottom-Up and Top-Down technology are used to transfer drug
microparticles/micronized drug power to drug nanoparticles. It consists of poorly water-
soluble.

drugs without any matrix material suspended in dispersion. It can be used to enhance the
solubility of poorly water-soluble compounds Low soluble drugs cannot be freely soluble in

lipid or water media. (9-11)
Advantages: -(12.13)

-Enhanced the solubility of drugs
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-High drug loading
-Increased bioavailability
-Enhanced stability
-Provide passive targeting
-Improve physical and chemical parameters of drugs
Disadvantages:
-physical stability, sedimentation, and compaction can cause problems.
-sufficient care must be taken during handling and transport.
-Uniform and accurate dose cannot be achieved unless the suspension.
BIOPHARMACEUTICAL CLASSIFICATION SYSTEM (BCYS)

BCS is the biopharmaceutical classification system. It is introduced in the 1990s. it involves
the classifications of drug substances concerning their aqueous solubility and membrane

permeability.

According to the Biopharmaceutical classification system (BCS), The drug with poor

solubility but having high permeability is classified as a drug of BCS class 11.(14-16)

Due to the low rate of dissolution bioavailability gets low. The bioavailability of a BCS class
Il drugs is rate limited by their dissolution rate So that even a small increase in dissolution

rate sometimes results in a large increase in bioavailability.

Therefore, an enhancement of the dissolution rate of the drug leads to improving the
bioavailability of BCS class 11 drugs. (17-19)
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CLASS 1 CLASS 2

High solubility Low solubility
High High' :
permeability Permeability

CLASS 3 CLASS 4

High solubility Low solubility
Low Low
permeability permeability
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High Solubilit Low

Figure No. 1: BCS Classification (29
Nanosuspension preparation methods:(22-25)
Mainly the nanosuspension is about two main methods to prepared which are:
v Bottom-up technology.
v Top-down technology.
e Media milling.
e High-pressure homogenization.
e Nano pure
e Nano jet
e Nano edge
But to be considered also there are additional methods to prepare nanosuspension which are:
v Precipitation method.
v Dry co-grinding method.
v Supercritical fluid method

v Microemulsion template.
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v Melt emulsification method.
v Bottom-up technology:

Bottom-up technology can be described as the conventional method which starts from the
molecular level and goes up to the molecular association for the formulation of small solid

particles which leads to the reduction of solvent quantity. (26)
Advantages:

1. The equipment is at a low cost.

2. The process I simple.

3. High saturation solubility.

This method is mainly used for the nanosuspension of drugs with poor aqueous solubility.
(31)

This method involves three steps to be performed which are:
To form the pre-suspension, in a stabilizer solution the drug powders must be dispersed.

For the pre-milling, the pre-suspension is homogenized in high pressure up to 1500 bar the

homogenizer at low pressure.

In the final step to form the desired size of the nanosuspension, it must be homogenized at

high pressure for 10 to 25 cycles (it’s preferred to be 20 only ) and pressure of 1500 bar. (32-
34)

Advantages:

1. Low risk of product contamination.

2. Allows aseptic production of nanosuspension for parenteral administration.
Disadvantages:

1. Prerequisite of micronized drug particles.
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2. Prerequisite of suspension formation using high-speed mixers before subjecting it to

homogenization.
« Nanopure:

This method is also called deep freeze homogenization because it must be homogenized at 0°
c or less than the freezing point which also involves homogenization in water mixture or

water-free media. (39

Advantages:

1. Fordrugs that sensitive to temperature this method is suitable.
2. Evaporation is faster and under milder conditions.

Nano jet: This method is also is called the opposite stream and it’s mostly used as the
application of high pressure to passes the suspension stream to be separated into two parts or
more, due to this high pressure these parts impact each other producing a high shear force

which is giving rise to reducing the particle size. (36-38)
advantages:

1. Easy to control the particle size.

2. Expansion of simplicity

Disadvantages:

1. A low water-soluble compound is not formulated.

2. Obtained product contains large particles of nanosuspension.
3. Costly technique.

4. Stabilizers and surfactants are required in a large amount.

Citation: Afnan Gaafar Abdallaetal. ljppr.Human, 2021; Vol. 21 (3): 703-714.



www.ijppr.humanjournals.com

o Nanoedge:

This is a combination between precipitation and homogenization (having a similar principle
as the precipitation and homogenization) which provides particle size at the nano range,

better stability, and in much less time. (39)

The anode is called like that because the drug is dissolved in an organic solvent then it must

be mixed with miscible anti-solvent for precipitation.

The precipitated particle suspension is homogenized due to the low solubility and the high

shear pressure. (40)

Advantages:

1. A drawback of the precipitation technique, such as crystal growth and long-term stability.
2. Can be resolved.

Supercritical fluid method:

This method is eco-friendly which has no hazardous to health or the environment.

This method is used to form nanoparticles in the size range of 5-2000 nm by using liquid
solvent as solute is not soluble in supercritical fluid so the liquid solvent can play an

indispensable role and micronize the solute particles. (41)
Microemulsions template:

This is the most useful for the preparation of nanosuspension which can be done by following
the organic solvent with the drug dispersed in an aqueous phase containing suitable
surfactants to form an emulsion, the organic phase is evaporated under reduced pressure to

form the nanosuspension which is stabilized by surfactants. (42
Advantages:

1. No need for special equipment.

2. Easy to control the particle size.

3. Easy scale up if the formulation is optimized properly.
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Disadvantages:

1. Not applicable forthe poorly soluble in aqueous and organic media.
2. The need for ultrafiltration is slightly costly.

3. Requires a high amount of surfactant.

Melt emulsification method:

In this method the drug must be dissolved in the aqueous solution of stabilizer, then to be

heated up to the drug melting point, then homogenized to give emulsion.

During this process the emulsion temperature must be maintained above the drug melting

point, then it can be cooled down to room temperature or by using an ice bath.**
Advantages:

During the process, the organic solvent has been avoided.

Applications

Ocular
delivery

Figure No. 2: Applications of nanosuspension*®
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Table No. 1: Currently Marketed Pharmaceutical Nanosuspension Products

Dosage form/route of
administration
Freeze-dried powder for

injection/parenteral

Capsule/oral
Capsule/oral

Tablet /oral

Liquid suspension/parenteral

Liquid suspension/oral

Tablet/oral

Tablet/oral

Tablet/oral

Tablet/oral

tablet/oral

Capsule/oral

Capsule/oral

Topical

Form pack, form

strips/injection
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Drug name

paclitaxel

Coprecipitation
Nanocryta

Griseofulivin

Palperidone

palmitate

Megetrol-acetate

Sirolimus

Fenofibrate

Fenoibrate

Morphine
sulphate

Methyl
phenidatehcl
Tizanidine
Dexmethylphenid
ate hydrochloride

Silver

Calcium

phosphate

Therapeutic
class
Metastatic

breast cancer
Antiemetic
Antiemetic

Antifungal

Schizophrenia

Anti-anorexic

Immunosuppres
sant
Hypercholestero
lemia
Hypercholestero
lemia psych

simulant
muscle relaxant

Muscale
relaxant

Cns stimulant
Bone substitute

Eczema

Bone

Company

Abraxane/ abraxia

biosciences

Cesamet
Emend

Giris-peg

Invega sustenna

Megace es

Rapammune

Tricor

Triglide

Avinza

Ritalin
Zanaflex

Focalin

Nucryst

Vitoss
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CONCLUSION:

Nanosuspension is the best technology that can solve the problem of solubility of poorly
soluble drugs to enhance bioavailability. To produce large-scale production of
nanosuspension, some methods are used, including media milling and high-pressure
homogenization- These technologies have been successfully used to enhance the solubility of
BCS class-1l1 drugs. Nanosuspension can be administered through different routes of
administration. The application of nanosuspension in oral and parental routes has been very
well established. And the route of pulmonary and ocular delivery has been evaluated. But,

their delivery through buccal, nasal, and topical delivery is yet to be done.
ACKNOWLEDGMENT:

We would take this opportunity to express our sincere thanks and gratitude to Mr. K.

Parameshwar for his support and guidance in completing this review paper.
REFERENCES:

1. Gupta, R.B.; Kompella, U.B., Eds. Nanoparticle Technology for Drug Delivery, Drugs and the
Pharmaceutical Sciences, Taylor & Francis Group, LLC: NewYork, USA, 2006, vol. 159, pp. 21-51.

2. VidyavathiMaravajhala, Sandhya Papishetty and Sarika Bandlapalli, Nanotechnology in development of
drug delivery system, International journal of pharmaceutical sciencesand research,2012;3(1), 84-96.

3. Kreuter, J. (2001) Nanoparticulate systemsforbrain delivery of drugs, Adv Drug Del. Rev. 47:65-81.

4. Liversidge, G.G.; Higaki, K.; Kimura, T. Effect of particle size reduction on dissolution and oral absorption
of a poorly water-soluble drug, cilostazol, in beagle dogs. J. Control.Release, 2006, 111,56-64.

5. Liversidge, G. G., Cundy, K. C. (1995) Particle size reduction for improvement of oral bioavailability of
hydrophobic drugs. | Absolute oral bioavailability of nanocrystalline danazole in beagle dogs. Int. J. Pharm.
127:91-97.

6. Hintz, R.J.; Johnson, K.C. The effect of particle size distribution on dissolution rate and oral absorption. Int.
J. Pharm,, 1989,51, 9-17.

7. Leuner, C., Dressman, J. (2000) Improving drug solubility for oral delivery using solid dispersions. Eur. J.
Pharm. Biopharm. 50: 47-60.

8. Colin W. Ponton, Formulation of poorly water soluble drugs for oral administration, European Journal of
Pharmaceutical Sciences, 2006; 29(3-4), 278-287.

9. Lipinski, C. (2002) Poor aqueous solubility-an industry wide problem in drug discovery. Am. Pharm. Rev.
5: 82-85.

10. Raymond C Rowe. et al, Handbook of pharmaceutical excipients,2009, 6t edition, 237-244.

11. Martin, Solubility and distribution phenomenon, Physical pharmacy and pharmaceutical sciences,
Lippincott Williamsand Wilkins, 2011; 6! edition, 313-317.

12. Bergstrom, C.A.; Wassvik, C.M.; Johansson, K.; Hubatsch, I. Poorly soluble marketed drugs display
solvation limited solubility. J. Med. Chem., 2007,50(23), 5858-5862.

13. Wassvik, C.M.; Holmen, A.G.; Draheim, R.; Artursson, P.; Bergstrom, C.A. Molecular characteristics for
solid-state limited solubility. J. Med. Chem., 2008, 51(10), 3035-3039.

14. Vemula V.R., Solubility enhancement techniques, International Journal of Pharmaceutical Sciences,
Review and Research, 2010; 5(1), 41-51.

Citation: Afnan Gaafar Abdallaetal. ljppr.Human, 2021; Vol. 21 (3): 703-714.



www.ijppr.humanjournals.com

15. Hsu C.H, Z. Cui, RJ. Mumper, M.jay, Micellar solubilization of some poorly soluble antidiabetic drugs,
AAPS pharmaceutical science and technology, 2010; 9(2), 939-943.

16. Chowdary KUP.R.,, Madhavi B.L.R.,”Novel drug delivery technologies for insoluble drugs”.
Ind.Drugs.2005; 42(9): 557-563.

17. Muller, R.H.; Grau, M.J. Increase of dissolution rate and solubility of poorly water soluble drugs as
nanosuspension. Proceedings. World Meeting APGI/APV, Paris, 1998, 2, 62-624.

18. Vikash Dash and Asha Kesari, Role of Biopharmaceutical classification system in drug development
program, Journal of current pharmaceutical research,2011;5(1), 28-31.

19. Mohd Yasir Mohd Asif, Ashwani Kumar, Abhinav Aggarval, Biopharmaceutical classification system: An
Account, International Journal of Pharma Tech Research, 2010; 2(3), 1681-1690.

20. Vasiliki Papadopoulou, Biopharmaceutical classification systems for new molecular entities and marketed
drugs: Theoritical basis and practicalexamples, International Journal of Pharmaceutics, 2008; 361, 70-77

21. Dressman, J. B., Amidon, G. L., Reppas, C., Shah, V. P. (1998) Dissolution testing as a prognostic tool for
oral drug adsorption: immediate release dosage forms. Pharm. Res. 15: 11-22.

22. Rogers, T.L.; Nelsen, A.C.; Brown, J.N.; Sarkari, M.; Young, T.J.; Johnston, K.P.; Williams, R.O. A novel
particle engineering technology to enhance dissolution of poorly water soluble drugs: spray -freezing into liquid.
Eur. J. Pharm. Biopharm., 2002,54, 271-280.

23. Abdou, H.M. Dissolution. Gennaro, A.R., Schwartz, J.B., Eds.: In: Remington’s Pharm. Sci., Mack
Publishing Company: Easton, PA, 1990, vol. 18, pp. 589-602.

24. Mosharraf, M.N. The effect of particle size and shape on the surface specific dissolution rate of microsized
practically insoluble drugs. Int. J. Pharm., 1995,122, 35-47.

25. Horter, D., Dressman, J. B. (2001) Influence of physicochemical

26. properties ondissolution of drugs in the gastrointestinal tract. Adv. Drug Deliv. Rev. 46: 75-87.

27. Mosharraf, M., Nystrom, C. (1995) The effect of particle size and shape on the surface specific dissolution
rate of micronized practically insoluble drugs. Int. J. Pharm. 122: 35-47.

28. Lindfors, L.; Skantze, P.; Skantze, U.; Westergren, J.; Olsson, U. Amorphous drug nanosuspensions. 3.
particle dissolution and crystal growth. Langmuir, 2007, 23, 9866-9874.

29. Vinayak D, Dissolution enhancement of carvedilol by using surfactant, Journal of Pharmaceutical
Sciences, 2011; 1(3), 23-30.

30. Naveen Ahuja, Studies on dissolution enhancementand mathematical modeling of drug release of a poorly
water-soluble drug using water soluble carriers, European Journal of Pharmaceutics and
Biopharmaceutics,2007; 65(1), 26-28.

31. R. Ambrus, Investigation of preparation parameters to improve the dissolution of poorly water-soluble
meloxicam, International Journal of Pharmaceutics,2009; 381,153-159.

32. Aungst, B. J. (1993) Novel formulation strategies for improving oral bioavailability of drugs with poor
membrane permeation or presystemic metabolism. J. Pharm. Sci. 82: 979-986.

33. YellelaS.R.Krishniah, Pharmaceutical technologies for enhancing oral bioavailability of poorly soluble
drugs, Journal of bioequivalence and bioavailability,2010; 2(2), 28-36

34. PreshitaP.Desai, Overcoming poor oral bioavailability using nanoparticle formulations, Drug Discovery
Today: Technologies, 2012; 9(2), 87-95.

35. Kamble, V.A. ,Jagdale, D.M., Kadam, V.J. Nanosuspension a novel drug delivery system, International
Journal of Pharma and Bio Sciences Volume 1, Issue 4, 2010, 352-360 Article number41.

36. George Duo Wang, Franck P Mallet, Francois Ricard, Jerry YY Heng. Pharmaceutical nanocrystals,
Current Opinion in Chemical Engineering Volume 1, Issue 2, May 2012, Pages 102-107.

37. Koteshwara K.B., Nanosuspensions: A novel drug delivery approach, IJRAP, 2011; 2(1), 162-165.

38. Vishal R.Patel and Y.K. Agarwal, Nanosuspension: An approach to enhance solubility of drugs, J. Adv.
Pharma. Tech. Res,2011;2(2),81-87.

39. Muller R.H., Jacobs C., Kayer O., Nanosuspensions for the formulation of poorly soluble drugs. In: F
Nielloud, G Marti-Mestres (ed). Pharmaceutical emulsion and suspension. New York, Marcel Dekker, 2000,
383-407.

40. Muller R.H., Peters K., Nanosuspensions for the formulation of poorly soluble drug I: Preparation by size
reduction techniqu. Int. J. Pharm.1998; 160,229-237.

Citation: Afnan Gaafar Abdallaetal. ljppr.Human, 2021; Vol. 21 (3): 703-714.


http://www.scopus.com.scopeesprx.elsevier.com/authid/detail.url?authorId=54793053500&amp;eid=2-s2.0-84455208494
mailto:vishvakamble@gmail.com
http://www.scopus.com.scopeesprx.elsevier.com/authid/detail.url?authorId=54793037800&amp;eid=2-s2.0-84455208494
http://www.scopus.com.scopeesprx.elsevier.com/authid/detail.url?authorId=21742555000&amp;eid=2-s2.0-84455208494
http://www.scopus.com.scopeesprx.elsevier.com/record/display.url?eid=2-s2.0-84455208494&origin=resultslist&sort=plf-f&src=s&st1=%27nanosuspensions%27+and+stability&nlo=&nlr=&nls=&sid=6B321BE654A881B1DFD6C133DAEC7C80.y7ESLndDIsN8cE7qwvy6w%3a20&sot=b&sdt=b&sl=46&s=TITLE-ABS-KEY%28%27nanosuspensions%27+and+stability%29&relpos=129&relpos=9&citeCnt=4&searchTerm=TITLE-ABS-KEY%28%5C%27nanosuspensions%5C%27+and+stability%29#corrAuthorFooter
http://www.scopus.com.scopeesprx.elsevier.com/source/sourceInfo.url?sourceId=20600195619&origin=recordpage
http://www.scopus.com.scopeesprx.elsevier.com/source/sourceInfo.url?sourceId=20600195619&origin=recordpage
http://www.sciencedirect.com.scopeesprx.elsevier.com/science/article/pii/S221133981100027X
http://www.sciencedirect.com.scopeesprx.elsevier.com/science/article/pii/S221133981100027X
http://www.sciencedirect.com.scopeesprx.elsevier.com/science/article/pii/S221133981100027X
http://www.sciencedirect.com.scopeesprx.elsevier.com/science/article/pii/S221133981100027X
http://www.sciencedirect.com.scopeesprx.elsevier.com/science/journal/22113398
http://www.sciencedirect.com.scopeesprx.elsevier.com/science/journal/22113398/1/2

www.ijppr.humanjournals.com

41. Patravale V.B., Date A A., Kulkarni R.M., Nanosuspension: a promising drug delivery strategy. J. Pharm.
Pharmacol. 2004; 56, 827-840.

42. Rabinow, B. Nanosuspensionsin drug delivery. Nat. Rev. Drug Discov., 2004, 3, 785-796.

43. Muller R.H., Bohm B.H.L., Grau J,.Nanosuspensions: a formulation approach forpoorly soluble and poorly
bioavailable drugs. In D. Wise (Ed) Handbook of pharmaceutical controlled release technology. 2000; 345-357.
44, Keck C.M., Muller R.H., Drug nanocrystals of poorly soluble drugs. Produced by high pressure
homogenization. Eur. J. Pharm.Biopharm. 2006; 62: 3-16.

45, Muller R.H., Grau M.J., Hildebrand GE. Increase of solubility of poorly soluble drugs by transfer to
Dissocubes using high pressure homogenization. Proc Int Symp Control Rel Bioact Mater 1999; 26: 112-113.
46. Krause K.P., Muller R.H., Production and characterization of highly concentrated nanosuspensions by high
pressure homogenization. Int.J.Pharm. 2001; 214:21-24.

47. Radtke M. Nanopure: Poure drug nanoparticles for the formulation of poorly soluble drugs. New Drugs
2001;3:62-68.

48. Shah T., Patel D., Hirani J., Amin A.F. Nanosuspensions as a drug delivery systems-A comprehensive
review. Drug Del Tech 2007;7: 42-53.

49. Liversidge G.C., Drug nanocrystals for improved drug delivery, in: Int. Symp. Control. Release Bioact.
Mater, Workshop on Particulate Drug Delivery Systems, Vol. 23, 1996.

50. Grau MJ., Muller R.H., Increase of dissolution velocity and solubility of poorly soluble drugs by
formulation asnanosuspension, in: Proceedings 2nd World Meeting APGI/APV, Paris, 1998, pp. 623-624.

51. Muller R.H., Jacobs C., Kayser O., Nanosuspensions as particulate drug formulations in therapy Rationale
for developmentand what we can expect

52. forthe future. Ad. Drug Del.Rev. 2001;47:3-19.

53. Bohm B.H., Muller R.H. Lab-scale production unit design for nanosuspensions of sparingly soluble
cytotoxicdrugs, PSTT 1999; 2: 336-339.

54, Muller R.H., Jacobs C., Production and Characterization of Budenoside nanosuspension for pulmonary
administration. Pharm Res 2002; 19:189-194.

55. Grau, M. J., Kayser, O., Muller, R. H. (2000) Nanosuspensions of poorly soluble drugs- reproducibility of
small-scale production. Int. J. Pharm. 196: 155-157.

56. Kayser, O., Olbrich, C., Yardley, V., Kiderlen, A. F., Croft, S. L. (2003) Formulation of amphotericin B as
nanosuspension fororal administration. Int. J. Pharm. 254: 73-75.

57. Krause, K., Muller, R. H. (2001) Production and characterisation of highly concentrated nanosuspensions
by high pressure homogenization. Int. J. Pharm. 214:21-24.

58. Merisko-Liversidge, E., Sarpotdar, P., Bruno, J., Hajj, S., Wei, L., Peltier, N., Rake, J., Shaw, J. M., Pugh,
L., Polin, L., Jones, J., Corbett, T., Cooper, E., Liversidge, G. G. (1996) Formulation and anti-tumor activity
evaluation of nanocrystalline suspensions of poorly soluble anti-cancerdrugs. Pharm. Res. 13:272-278.

59. Merisko-Liversidge, E., Liversidge, G. G., Cooper, E. R. (2003) Nanosizing: a formulation approach for
poorly-water-soluble compounds. Eur. J. Pharm. Sci. 18: 113-120.

60. Muller, R. H., Bohm, B. H. L. (1998) Nanosuspensions. In: Emulsions and nanosuspensions for the
formulation of poorly soluble drugs. Medpharm Scientific Publishers, Stuttgart, pp 149-174.

Citation: Afnan Gaafar Abdallaetal. ljppr.Human, 2021; Vol. 21 (3): 703-714.



