
651

Solid Dispersions: Improved Solubility and Sustained 
Release

This work is licensed under Creative Commons Attribution 4.0 License  AJBSR.MS.ID.002902.

American Journal of
Biomedical Science & Research

www.biomedgrid.com

---------------------------------------------------------------------------------------------------------------------------------

Ranim Alrouhayyah1,2* and Svetlana N Suslina1

1Department of General Pharmaceutical and Biomedical Technology, Medical Institute, Peoples’ Friendship University of Russia named after Patrice 
Lumumba (RUDN University), Russian Federation

2Department of analytical and food Chemistry, Faculty of pharmacy, Damascus University, Syria

*Corresponding author: Ranim Alrouhayyah, Department of General Pharmaceutical and Biomedical Technology, Medical Institute, Peoples’ 
Friendship University of Russia named after Patrice Lumumba (RUDN University), Russian Federation and Department of analytical and food 
Chemistry, Faculty of pharmacy, Damascus University, Damascus, Syria. 

To Cite This Article: Ranim Alrouhayyah* and Svetlana N Suslina, Solid Dispersions: Improved Solubility and Sustained Release. Am J Biomed 

Sci & Res. 2024 21(6) AJBSR.MS.ID.002903, DOI: 10.34297/AJBSR.2024.21.002903

Received:  : March 15, 2024;  Published:   March 22, 2024

Mini Review                                                                          Copyright© Ranim Alrouhayyah              

ISSN: 2642-1747

Introduction
The definition of Solid Dispersions (SDs) has been introduced 

in deferent ways, but in general they can be defined as systems in 
which the drug is dispersed at the molecular level in a biologically 
inert matrix or carrier, which can be sugar, a wax-based system, or, 
more commonly, a polymer [1]. The main goal of obtaining SD is 
to improve the solubility and, consequently, the bioavailability of 
poorly soluble drugs [2].

Classification of Solid Dispersions
SDs can be classified according to different parameters, includ-

ing carrier type and molecular arrangement. According to the carri-
er type four generations of SDs are distinguished [3-5]:

1)	 In the first generation the crystalline carrier, like sugar or 
urea, is used.

2)	 In the second generation, the drug is molecularly dis-
persed in an inert polymer matrix where natural, semi-synthetic or 
synthetic polymers may be used.

3)	 The carriers used in SDs of third generation, can be a co-
polymer or a mixture of polymers and surfactants, improving the 
drug release profile due to the surface activity of the carrier or 
self-emulsifying ability, which in turn can reduce drug recrystalli-
zation and improve SD stability. 

4)	 The fourth generation, known as controlled release SD, 
is basically aims to enhance the solubility of poorly soluble drugs 
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using water swellable or insoluble polymers such as HPC, Eudragit 
RS/ RL, EC, etc.

SDs also may be classified based on their molecular arrange-
ment, or the correlation of their stability and solubility, to six 
groups, including C-C, C-A, A-C, A-A, M-C, and M-A [6-8]: 

1)	 Classes C-C and C-A, refer to SDs in which the drug is pres-
ent in a crystalline state and the carrier is crystalline or amorphous, 
respectively. Thus, these two classes are considered stable but less 
soluble. Class C-C is a eutectic mixture, while C-A is a glass suspen-
sion. 

2)	 In classes A-C and A-A, the amorphous drug is dispersed 
in a crystalline or amorphous vehicle, which increases the solubility 
of the drug but reduces its stability. A-C is an amorphous precipita-
tion in crystalline matrix while class A-A is a glass suspension. 

3)	 When the drug is molecularly dispersed in a crystalline 
or amorphous carrier, we obtain M-C and M-A classes, which have 
improved drug dissolution characteristics with great physical sta-
bility. While M-A is a glass solution, M-C may be continuous or dis-
continuous, substitutional or interstitial solid solution. 

It is worth noting that SDs can sometimes be classified into 
more than one group, for example, when a crystalline drug dis-
persed in an amorphous polymer is partially converted to amor-
phous, then SD will be a mixed system of C-A and A-A.

Solid Dispersions for Sustained Release
Recently, sustained release systems based on SDs have been in-

creasingly developed and become the object of many studies. These 
systems provide various potential advantages in terms of bioavail-
ability and long-lasting drug release, providing the benefits of both 
SDs and sustained-release delivery systems while largely avoiding 
the risk of burst release [9]. This can be achieved by directly pre-
paring SDs with release-controlling polymers, or by preparing SDs 
with solubility-enhancing carriers, and then formulating them with 
release-controlling polymers. Here are some examples of the use of 
SD technology to produce sustained drug release systems.

In 2015 Neha, et al. prepared metoclopramide sustained re-
lease SDs using Eudragit RLPO and Eudragit RSPO by solvent evap-
oration method. The resulted SDs prolonged the drug release up 
to 12 h with increasing bioavailability and with increased half-life 
than pure metoclopramide [10]. In 2016 Nguyen, et al. successful-
ly prepared SDs of isradipine, a calcium channel blocker, with PEG 
6000/ HPMC 4000 by melting method. HPMC 4000 was then also 
added to the resulting SDs and tableted. The result was a sustained 
release system with an increased rate of dissolution of a poorly 
soluble drug [11]. In a study conducted by Shergilla, et al. in 2016, 
SDs of disulfiram, the anti-alcoholism drug with a cytoytoxicity in 
different type of cancers, were prepared with Kolliphor1 P 188 and 
P 237 by hot melt method, and these SDs were blended with Kol-
lidon®SR or HPMC and tableted. The dissolution studies showed 
that SD-loaded tablets provided not only sustained release but also 
an enhanced dissolution of disulfiram [12]. In 2019, the antipsy-
chotic drug risperidone was formulated into SDs with ß cyclodex-

trin and HP- ß cyclodextrin by kneading method and co-precipitate 
method in ratios 1:1, 1:2 (drug: carrier). Dissolution studies of SDs 
showed that SD prepared by co-precipitate method in ratio 1:2 with 
ß cyclodextrin had the best dissolution profile, so it was then load-
ed into tablets which were prepared by direct compression with 
varying amounts of HPMC K4, HPMC K15, or HPMC K100 as release 
control polymers. Tablets with 15% HPMC K100 showed the best 
profile dissolution than other prepared formulas [13].

In 2020, gliclazide SDs were obtained by solvent evaporation 
method in three ratios 1:1, 1:2, 1:3 (drug: HP cyclodextrin). SDs 
were then processed into tablets, which were prepared by wet 
granulation using HPC and HPMC K100M as release control poly-
mers. The dissolution studies showed that the dissolution rate of 
the drug from the SDs was higher than that of the pure drug, with 
up to 99.9% of the drug released from the tablets over a long period 
of time up to 16 hours [14]. In 2020, donepezil hydrochloride, the 
highly water-soluble reversible inhibitor of acetylcholinesterase, 
was formulated in SDs with HPMC K100 or stearic acid as carrier, by 
co-grinding method and fusion method in ratios 1:1, 1:2, 1:3 (drug: 
carrier). Then SDs in 1:2 ratio obtained by fusion method with stea-
ric acid and with HPMC K100 by co-grinding method were incor-
porated in oral gels with Na alginate or Na CMC as gelling agents. It 
turned out that formulation obtained with stearic acid SDs showed 
the best result in the term of prolonged drug release and stability 
of the gel. So, it may be said that stearic acid SDs loaded oral gels 
are suitable for the control release of water suitable drugs with re-
quired stability during storage [15].

In 2020, Sulthana, et al. [16] prepared sustained release tab-
lets based on the SDs of elvitegravir, a poorly soluble drug used in 
the treatment of HIV-infections. SDs were prepared using urea, PEG 
6000 and mannitol in ratios 1:1, 1:2, 1:3 (drug: carrier) by fusion 
methods, and by solvent evaporation method in the same ratios 
with urea and mannitol. Dissolution studies showed that the drug 
was released from all prepared SDs in 20 minutes, but the highest 
dissolution rate was from SD prepared with HPMC in the ratio 1:3, 
which was then formulated into tablets. Tablets were prepared by 
direct compression with 10% and 20% of EC, HPMC or guar gum 
as release-prolonging agents. The best result of dissolution studies 
of tablets was with the formulation containing 20% guar gum, in 
which the drug entirely released in 12 hours [16]. In 2021, donepe-
zil hydrochloride was formulated in SDs with different hydrophobic 
carriers, namely EC, Eudragit RSPO, and compritol® 888 using hot-
melt extrusion technology. SDs were prepared with compritol® 888 
and Eudragit RSPO in the ratios of 1:1, 1:2, 1:3, 1:4 (drug: polymer), 
and with EC in ratios 1:1, 1:3, 1:4 in addition to a formulation of 
1:1:1 (drug: EC: compritol® 888) and 1:2:0.1 ( donepezil: EC: man-
nitol). Also, two formulations (donepezil: compritol® 888: manni-
tol) were prepared in two ratios 1:2:0.1 and 1:2:0.075, where Man-
nitol was added to SDs as a pore former, to improve drug release 
profile. Tablets were obtained from compritol® 888 SDs by direct 
compression with or without MCC. Dissolution studies showed that 
the best dissolution profile was with SD prepared with compritol® 
888 and mannitol in ratio 1:2:0.075, which showed an entire stable 
release within 10 hours [17]. 1n 2022, nifedipine was formulated in 
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SDs with PVP k 30 in the ratios 1:2, 1:4, 1:6, 1:8, 1:10 (drug: poly-
mer) using solvent evaporation method. The highest dissolution 
rate was with the SD prepared in ratio 1:8, which was then used 
as a core to prepare sustained release microcapsules by emulsion 
solvent method and modified emulsion solvent method with a coat 
consisted of Eudragit RS100 as a polymer, acetone as a polymer 
solvent and N-hexane as a vehicle. Dissolution studies showed that 
all prepared microcapsules showed a sustained-release profile in 
phosphate buffer (pH=7.2) with a maximum release of 97.22 % 
within 12 hours for the microcapsules prepared in ratio 1: 4 (core: 
coat) by emulsion solvent method [18].

Conclusion
Solid dispersions are a good choice not only to solve the prob-

lem of poor drug solubility, but also to modify the drug release, and, 
in particular, to achieve sustained drug release. Solid dispersions 
themselves may be sustained release systems or formulated into 
a variety of sustained release dosage forms such as microcapsules, 
tablets, capsules and even gels. Selecting suitable carriers from 
the available wide range of polymers with varying characteristics 
from soluble to insoluble as well as swelling polymers provides the 
desired release profile for both poorly soluble and soluble drugs. 
Thus, it could be said that solid dispersions are a prospective tech-
nique for both enhancing solubility and prolonging release.
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