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ABSTRACT:  
Presently only few percent of drugs having high aqueous solubility, Number of drugs are belonging to 
biopharmaceutical classification system class II that means possessing poor aqueous solubility eventually 
results in low level of drug in systemic circulation. To overcome this problem, various strategies have been 
come out into notion such as self emulsifying drug delivery system solid dispersions, use of surface active 
agents, complex formation. Solid dispersions is found to be promising approach to increase bioavailability by 
use of various polymers. This review focuses on the mechanism of drug release from solid dispersion with its 
method of preparation and applications.  
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INTRODUCTION 

Enhancement of bioavailability of hydrophobic 
drugs is one of the major challenges in drug 
development; solid dispersion is one of the useful 
methods for the dispersion of the drug into an 
inert, hydrophilic polymer matrix1. Solid 
dispersions in water-soluble carriers have attracted 
considerable   interest as a means of improving the 
dissolution rate, and hence possibly bioavailability 
of a range of hydrophobic drugs. Although a large 
number of studies have been published but the 
mechanisms underpinning the observed 
enhancement of the rate of drug release are not 
yet understood 2.The use of solid dispersions as an 
effective source of improving the dissolution rate 
of poorly soluble drugs has been well studied and 
demonstrated. The poorly water soluble drugs are 
characterised by insufficient bioavailability (low 
dissolution rates) and absorption in the gastro-
intestinal tract3. Different methods have been used 
to increase the dissolution and bioavailability of 
poorly water soluble drugs including micronisation 
,  the use of surfactants  and the formation of solid 
dispersions4. Solid dispersions display an enhanced 

solubility of drug because of the conversion of the 
drug’s crystal lattice into an amorphous form 
particle size reduction and increased wettability by 
the hydrophilic polymer. Therefore, the same 
pharmacological results can be obtained from a 
reduced amount of drug given to the patient5, 6. 

Types of Solid Dispersion 

(a) First generation solid dispersions 

It has been shown by Sekiguchi and Obi in 1961 
that the formulation of eutectic mixtures improved 
the rate of drug release which in turn increases the 
bioavailability of poorly water soluble drugs. Solid 
dispersions systems  developed by Levy (1963) and 
Kanig (1964), who made solid solutions by using 
molecular dispersions instead of using eutectic 
mixtures, with mannitol as carrier. These 
improvements were due to faster carrier 
dissolution, releasing particles of drug7, 8. 

 These dispersions prepared using crystalline 
carriers were described as first generation of solid 
dispersions. Urea and sugars were the first 
crystalline carriers to be used in dispersions. The 
major drawback of first generation solid dispersion 
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is that they form crystalline solid dispersions which 
being thermodynamically more stable did not 
release the drug as quickly as amorphous ones9.  

(b)Second generation solid dispersions 

It was noticed in the late sixties that solid 
dispersions with drug in the crystalline state are 
not as effective as amorphous because they are 
thermodynamically stable. Therefore, second 
generations of solid dispersions were introduced 
having amorphous carriers instead of crystalline. 
Formerly, the drugs were molecularly dispersed in 
amorphous carriers which are usually polymers in 
random pattern10, 11. 

(c) Third generation solid dispersions 

Third generation of solid dispersions appeared as 
the dissolution profile could be increased by using 
carriers having surface activity and self-emulsifying 
characteristics. These contain surfactant carriers or 
a mixture of amorphous polymers and a surfactant 
as carrier12, 13. The third generation solid 
dispersions stabilise the solid dispersions, increase 
the bioavailability of the poorly soluble drugs and 
reduce recrystallisation of drug. The use of 
surfactants such as poloxamer 407 as carriers 
resulted in high polymorphic purity and improved 
vivo bioavailability13, 14. 

Mechanisms for Drug Release from Solid 
Dispersions 

Different factors influence the enhancement of 
dissolution rate of solid dispersions. The use of 
increased amount of urea enhances the dissolution 
rate of drug as was shown in a study with 20% 
chloramphenicol and 80% urea 15. This was due to 
the reduction in particle size. However, it was later 
found that the dissolution rate could be improved 
without any change in the particle size. Non 
surface active carrier can enhance the wettability 
of a drug by reducing the contact angle and thus 
causing an increase in the surface area available for 
dissolution16. A drug can be retained in the solution 
by inhibiting it is precipitation with the addition of 
a polymer. The drug dissolves back into the 
solution, after precipitating out as metastable 
polymorph as this form is more soluble than the 
original polymorph of the drug, as highlighted in a 
study with indomethacin. Carrier-controlled or 
drug-controlled dissolution mechanisms were first 
proposed by Craig in which the drug release 

depends either on the carrier or the drug itself17, 18. 
This method is based on the models proposed by 
Higuchi et al. and Higuchi. The dissolution surface is 
non-disintegrating and the dissolution of both parts 
is diffusion controlled. The dissolution is controlled 
through a drug rich dissolving surface, formed only 
if the drug makes the larger component19. In high 
polymer loading there is insufficient drug to 
support the drug controlling layer formed at the 
dissolving surface. This causes the drug to disperse 
within the polymer resulting in a carrier-controlled 
drug release process. In high drug loading solid 
dispersions, the dissolution rate of the drug can be 
measured, by considering the polymer as faster 
dissolving component. Hence, the dissolution of 
the drug is controlled by polymer dissolution if the 
drug forms the minor component in the solid 
dispersion20. The carrier-controlled dissolution was 
further supported by another study investigating 
the incorporation of ten drugs into PEG 6000 solid 
dispersions where identical dissolution rates were 
reported. A linear relationship was shown when 
the dissolution rate was plotted against the drug 
content. Carrier-controlled dissolution works up to 
a limited concentration depending upon the drug 
evident from the differences in the linear 
relationships for various drugs. Currently, there is 
no mechanism that can predict the behaviour of a 
drug in solid dispersion, as various factors are 
pivotal in deciding drug release. Extensive work is 
required in order to fully understand the 
association of the carrier and drug in dispersion20, 

21, 22. 

Advantages of Solid Dispersions 

1. Particles with reduced particle size: Molecular 
dispersions, as solid dispersion, represent the last 
state on particle size reduction, and after inert 
carrier or matrix dissolution the drug is molecularly 
dispersed in the dissolution medium. A high 
surface area is formed which results an increased 
dissolution rate and further improved the 
bioavailability of the poorly water soluble drug23. 

2. Particles with improved wettability: Carriers 
with surface activity, such as cholic acid and bile 
salts, when used can significantly increase the 
wettability property of drug. Moreover, carriers 
can influence the drug dissolution profile by direct 
dissolution or co-solvent effects24. 
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3. Particles with higher porosity: Particles in solid 
dispersions have been found to have a higher 
degree of porosity and the increase in porosity also 
depends on the properties of the carrier. Linear 
structured polymers produces more porous 
particles when compared to reticular polymers.. 
More porous nature of the particle results higher 
dissolution rate25. 

4. Drugs in amorphous state: Poorly water-soluble 
crystalline drugs, when in the amorphous state 
tend to have higher degree of solubility. Drug in its 
amorphous state shows higher drug   release 
because no energy is required to break up the 
crystal lattice during the dissolution process26. 

Disadvantages of Solid Dispersions 

1. Instability due to crystallinity and decrease in 
dissolution rate with. Some solid dispersion may 
not lend them to easy handling because of 
tackiness27, 28. 
2. Moisture and temperature effects 
3. Laborious and expensive methods of 
preparation. 
4. Reproducibility of physicochemical 
characteristics. 
5. Difficulty in incorporating into formulation of 
dosage forms 29, 30. 

Method of Preparation of Solid Dispersion 

Various methods used for preparation of solid 
dispersion system. These methods are given below. 

 

Figure 1: Different method of preparation of solid 
dispersion31 

Applications of Solid Dispersions  

Apart from absorption enhancement, the solid 
dispersion technique may have numerous 
pharmaceutical applications, which should be 

further explored. It is possible that such a 
technique be used21:    

1.   To obtain a homogeneous distribution of a 
small amount of drug in solid state. 

2.    To dispense liquid or gaseous compounds in a 
solid dosage. 

3.   To formulate a fast release primary dose in a 
sustained released dosage form. 

4.  To increase the solubility of poorly soluble drugs 
thereby increase the dissolution   rate absorption 
and bioavailabilty9,10. 

5. To stabilize unstable drugs against hydrolysis, 
oxidation, recrimination, isomerisation, photo 
oxidation and other decomposition procedures.  

6. To reduce side effects of certain drugs.  

7. Masking of unpleasant taste and smell of drugs.  

8.  To avoid undesirable incompatibilities11, 12. 

10. To obtain a homogeneous distribution of a 
small amount of drug in solid state.  

11. To dispense liquid (up to 10%) or gaseous 
compounds in a solid dosage.  

12. To formulate a fast release primary dose in a 
sustained released dosage form.  

13. To formulate sustained release regimen of 
soluble drugs by using poorly soluble or insoluble 
carriers.  

14. To reduce pre systemic inactivation of drugs 
like morphine and progesterone15,16,17. 

Conclusions: 

Delivery of poorly soluble drug is slowed down 
where dissolution is the rate limiting step, so, solid 
dispersion technique can be used to enhance the 
solubility of poorly soluble drugs by reducing the 
particle size,that will reduce the dosing frequency 
and improve the patient compliance.  

References 

1. Sing Sameer, Baghel Singh Raviraj : A review 
on solid dispersion 2(9): Int. J. of Pharm.& Life 
Sci. , Vol. 2, Issue 9: Sep.: 2011, 1078-1095. 

2. Kumar Anand, Pola Santhos, et.al: 
Development, Evaluation 
sandCharacterization of surface solid 
dispersion for solubility and dissolution, 



 Ritika Puri et al., Journal of Biomedical and Pharmaceutical Research  
 
 

4 | P a g e  
 

Irbesartan Int. J. of Drug Dev. & Res., Jan-
March 2012, 4 (1): 263-2732. 

3. Tiwari Ruchi,Tiwari Gaurav et.al: Solid 
Dispersions An Overview To Modify 
Bioavailability Of Poorly Water Soluble Drugs, 
International Journal of Pharm Tech Research 
CODEN (USA), ISSN : 0974-4304 Vol.1, No.4, , 
Oct-Dec 2009,   1338-1349. 

4. Samleem.M.A, Bala Sumanje: Formulation and 
evaluation of meloxicam solid disprssion 
incorporated topical gels, International Journal 
of Pharma and Bio Sciences ,jul-sep.2010, ISSN 
0975-6299Vol.1/Issue-3.  

5. Chaulang Ganesh, Patel Piyush, et.al: 
Formulation and Evaluation of Solid 
Dispersions of Furosemide in Sodium Starch 
GlycolateTropical, Journal of Pharmaceutical 
Research, February 2009; 8 (1): 43-51 

6. Zijlstra .S Gerrit, Rijkeboer Michiel : 
Characterization of a Cyclosporine Solid 
Dispersion For Inhalation, The AAPS Journal 
2007; 9 (2)190-196. 

7. Azithromycin,European Pharmacopia 
5.0,1039-1040. 

8. The Merck index, Thirteenth edition, page 
no.2362 publication by merck research 
laboratories division of merck and  co.inc. 

9. Dr. Chen, et.al: Characterization of Amorphous 
Solid Dispersions: One of Many Integrated 
Solid State Solutions, Provided by Crystal 
Pharmatech, 

10. Rao Monica, Mandage Yogesh : Dissolution 
Improvement of Simvastatin by Surface Solid 
Dispersion Technology Dissolution 
Technologies, MAY 2010, 27-34. 

11. Kapoor Bhavana , Kour Ramadeep, et.al:  Solid 
Dispersion: An Evolutionary Approach for 
Solubility Enhancement of Poorly Water 
Soluble Drugs,International Journal of Recent 
Advances in Pharmaceutical Research ,April 
2012; 2(2): 1-16 . 

12. Kewu, Jingl,Wang Wayne : Formation and 
Characterization of Solid Dispersions of 
Piroxicam and Polyvinylpyrrolidone Using 
Spray Drying and Precipitation with 
Compressed Antisolvent,journal of 
pharmaceutical  sciences, vol. 98, no. 7, july 
2009, 2422-2431. 

13. Luhadiya. A. Jain P, Dubey .P K. et.al: A Review 
on Solid Dispersion, IJARPB, 2012; Vol.1 (2): 
281-291 

14. Das Kumar Sanjoy, Roy Sudipta Arunabha 
et.al:  Solid Dispersions : An Approach to 
Enhance the Bioavailability of Poorly Water-
Soluble Drugs, International Journal of 
Pharmacology and Pharmaceutical Technology 
(IJPPT), ISSN: 2277 – 3436, Volume-I, Issue-
1,2012 ,37-48. 

15. Hasnain M. Saquib ,Nayak Kumar Amit: 
Solubilty and dissolution enhancement of 
ibuprofen       by solid dispersion technique 
using PEG 6000-PVP K 30 combination carrier, 
Bulgarian Journal of  Science Education, 
Volume 21, Number 1, 2012 ,118 -
132.Dhirendra . K, Lewiss, et.al:Solid 
dispersions: A review,Pak. J. Pharm. Sci., 
Vol.22, No.2, April 2009, 234-246. 

16. Chiou WL, Riegelman S: Pharmaceutical 
applications of solid dispersion systems. J 
Pharm Sci. 1971, 60-128. 

17. Babu GV, Kumar NR et.al: Nimesulide-
modified gum karaya solid 
mixtures:preparation, characterization and 
formulation development. Drug Dev Ind 
Pharm. 2003,29-85 ,5Y864. 

18. Rogers JA, Anderson AJ :Physical 
characteristics and dissolution profiles of 
ketoprofen-urea solid dispersions. Pharm Acta 
Helv. 1982, 57:276Y281. 

19. El-Gazayerly ON: Characterization and 
evaluation of tenoxicam coprecipitates. Drug 
Dev Ind Pharm. 2000, 26:925Y930. 

20. Ganesh Chaulang, Kundan Patil et.al : 
Preparation and Characterization of Solid 
Dispersion Tablet of Furosemide with 
Crospovidone, Research J. Pharm. and Tech. 
1(4): Oct.-Dec. 2008,386-389. 

21. Roul LK, Manna NK et.al:  Dissolution rate 
enhancement of Alprazolam by Solid 
Dispersion, Ind J Pharm Edu Res, Jan-Mar,  Vol 
(46) Issue 1, 2011,38-44. 

22. Vippagunta SR, Maul KA, et.al: Solid state 
characterization of nifedipine solid  
dispersions. Int J Pharm. 2002, 236:111Y123. 

23. Murali Mohan Babu GV, et.al:  KV.Evaluation 
of modified gum karaya as carrier for 
thedissolution enhancement of poorly water 
soluble drug nimodipine. Int J Pharm. 2002, 
234:1Y17. 

24. Vascconcelos T, Sarmento B, et.al: Solid 
dispersion as strategy to improve oral 



 Ritika Puri et al., Journal of Biomedical and Pharmaceutical Research  
 
 

5 | P a g e  
 

bioavailability of poorly water soluble drugs. 
Drug Discovery Today 2007, 12: 1068-1075.  

25. Venkateskumar Krishnamoorthya, Arunkumar 
Nagalingam:  Characterization of Olanzapine-
Solid Dispersions Iranian Journal of 
Pharmaceutical Research 2011, 10 (1): 13-24. 

26. Ford JL.The current status of solid dispersion. 
Pharm.Acta Helv.1986, 61: 69-88. 

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

28. Serajuddin ATM: Solid dispersion of poorly 
water-soluble drugs: early promises, 
subsequent problems, and recent 

breakthroughs. J. Pharm. Sci. 1999, 88: 1058–
1066. 

29. D.akiladevi, p.shanmugapandiyan: Preparation 
and evaluation of paracetamol by solid 
dispersion technique, int j pharm pharm sci, 
vol 3, issue1, 2011, 188-191. 

30. Joshi H .et al :Bioavailability enhancement of 
poorly watersoluble drug by solid dispersion in 
polyethylene glycolpolysorbate 80 mixture. Int 
J Pharm 2004, 269:251‐258. 

31. Loganathan S, Maimaran S, et.al: The effect of 
solid dispersions on solubility and dissolution 
rate of ibuprofen. The Eastern Pharmacist. 
2000 , 513:   115 - 116. 

 


