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Dispersion systems 

 

              Pharmaceutical dispersions are systems where one substance is dispersed within another 

substance.  

 

 

 

 

 

              In pharmacy, dispersions are found in a wide variety of dosage forms and in nearly all routes of 

drug administration. Examples range from solutions of very large molecules (macromolecules) such as 

albumin and polysaccharides, to liquid suspensions of “nano”-sized crystals (nanocrystals) and 

 of “micro”-sized droplets (microemulsions), to coarse (larger particle) emulsions and suspensions. 

 

              Terms used to describe dispersion components include internal or noncontinuous phase to 

describe the dispersed phase component (the particles) and the external or continuous phase to describe 

the dispersion medium.  

 

Two main approaches to classification being: 

 (1) the nature of the dispersion’s internal and external phases (e.g., solid, liquid, or gas) and  

 (2) the size range of its dispersed particles (colloidal versus coarse). 

 

 

1. Dispersed systems classified by their phases 

 

In addition to the macromolecular dispersions liquid-in-liquid emulsions, and solid-in-liquid suspensions, 

they include solid-in-solid suspensions (e.g., some suppositories), semisolid emulsions (e.g., creams), and 

gas-in-liquid foams.  
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Table 1: Types of colloidal dispersions 

 
 

 

2. Dispersed systems classified by their particle size 

 

              The two main categories in this context are colloidal dispersions, which roughly encompass the 

particle diameter range of 0.1 to 1000 nm (1 μm), and coarse dispersions, which have larger particles (e.g., 

1 to200 μm).  

 

              The reason that dispersions are often classified based on particle size is that dispersions of 

colloidal-sized particles can exhibit somewhat different behavior than particles in coarse dispersions. 

For example, coarse dispersions are more prone to settling problems because of their larger particle size 

and their relative lack of influence by Brownian motion.  

 

 

Table 2: Classification of dispersed systems based on particle size  
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Colloidal Dispersions 

 

              Colloidal dispersions are those in which very small particles approximately 1 and 1000 nm in 

length are dispersed in a continuous phase of a different composition.  

 

There are three general classifications based primarily on how and to what degree they interact with their 

medium:  

(1) lyophilic and lyophobic and (2) association colloids. 

 

1. Lyophilic and lyophobic colloids 

 

Lyophilic colloids are those that have a strong affinity with their medium, whereas lyophobic colloids have 

little or no affinity with their medium. The prefix lyo refers to the solvent or medium. Since for most 

pharmaceutical dispersions the medium is water, the terms hydrophilic and hydrophobic are used. 

 

Hydrophilic colloids:  

It had polar regions (e.g., from hydroxyl groups or ionizable groups) that enable them to become hydrated in 

contact with aqueous environments. Common examples of these are certain macromolecules, such as 

proteins (e.g., albumin and gelatin) and polysaccharides (e.g., natural gums and semisynthetic cellulose 

derivatives).  

 

The macromolecular dispersions (hydrophilic colloids)are sometimes referred to as colloid solutions to 

distinguish them from crystalloid solutions, which are true solutions of smaller molecules such as 

electrolytes.  

 

              One of the most common usages of the term’s colloid and crystalloid solutions in medicine is in 

the field of plasma volume expansion, where the choice to increase a patient’s plasma volume (e.g., in 

circulatory shock) includes intravenous crystalloid solutions (e.g., sodium chloride or lactated Ringer’s) 

and intravenous colloid solutions (e.g., albumin or hydroxyethyl starch).  

 

 

Hydrophobic colloids: 

 

 It does not have sufficient surface hydrophilicity to enable them to interact well with water. Examples of 

hydrophobic colloidal dispersions include milk, intravenous lipid emulsions, and nanocrystal 

suspensions.  

 

          Intravenous lipid emulsions are used primarily to provide calories as part of an intravenous 

nutrition strategy. One of the problems of hydrophobic colloids is their tendency to aggregate in an aqueous 

environment. This is a significant concern for intravenous lipid emulsions, because it’s important that the 

lipid particles do not aggregate to a size that can block small blood vessels.  

 

               Nanocrystals are becoming increasingly used as an approach to improve the solubility of poorly 

soluble drugs. For example, the nanocrystal suspension formulation of megestrol acetate (a progesterone 

receptor agonist) showed a dramatic improvement in absorption compared to its larger crystal predecessor, 

because its nanocrystals dissolved more readily. 
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2. Association colloids 

              Association colloids are those formed by the association of dissolved molecules of a substance to 

create particles of colloidal dimensions, most commonly termed micelles. They include the surfactant 

micelle, liposomes (bilayer spheres formed mainly from phospholipids), and microemulsions. 

 

 

              The surfactants of classic surfactant micelles and the phospholipids of liposomes are amphiphiles 

that spontaneously self-associate when their concentrations reach a certain level known as their critical 

micelle concentrations. They interact in such a way, so as to minimize contact between the lipophilic 

portion of the amphiphile and water, usually resulting in a spherical shape to the micelle. Surfactant micelles 

are typically 2 to 5 nm in diameter, whereas the commercially available liposomes (e.g., liposomal 

doxorubicin and daunorubicin) are about 50 to 100 nm.  

 

 

              Another type of association colloid is the microemulsion. Like conventional coarse emulsions, 

microemulsions are also dispersions of oil droplets in water (or water-in-oil). However, they differ from 

conventional emulsions in that the droplets are much smaller (e.g., 10 to 100 nm diameter), the dispersions 

are transparent, and they are considered thermodynamically stable. This achievement of these properties 

owes to the particular blends of oil, surfactant, and cosurfactant. The cosurfactant, often a four to seven 

carbon-chain alcohol, helps reduce surface tension and adds sufficient flexibility to the interfacial film to 

enable it to attain the high curvature needed to cover the tiny droplet.  A commercial example of the use of a 

microemulsion to help solubilize a drug is the product Neoral® (cyclosporine), an immunosuppressant. 

 

 

 

Table 3: Classification and typical examples of surfactants 
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Figure 1: Some shapes that can be assumed by colloidal particles: (a) spheres and globules, (b) short 

rods and prolate ellipsoids, (c) oblate ellipsoids and flakes, (d) long rods and threads, (e) loosely coiled 

threads, and (f ) branched threads. 

  

 

Table 4: Comparison of properties of colloidal solution 
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Some unique properties of colloids 

1) light-scattering properties (Tyndall effect), 

2) osmotic properties (of colloid solutions),  

3) electrical properties, and  

4) dispersed particle movement (Brownian motion). 

 

 

Table 5: Colloidal based delivery systems for therapeutics 

 


