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Module 08 

 

Controlled drug delivery system- An ideal controlled drug delivery system is the one which 

delivers the drug at a predetermined rate, locally or systemically for a specified period of 

time. These provide some control, whether this is of temporal or spatial nature or both of drug 

release in the body. 

Spatial placement means placement of the drug or the drug is targeted to a specific organ 

or tissue (includes targeted drug delivery system)  

Temporal delivery refers to controlling the rate of the drug delivery. 

Advantages- 

1. Patient compliance due to reduction in the frequency 

of designing. 

2. Improve control of condition i.e. reduce fluctuation in 

drug level. 

Disadvantages- 

1. They are costly. 

2. Unpredictable and often poor in-vitro in-vivo 

correlations, dose dumping 

 

Types/Different routes for delivery of controlled drug delivery system- 

 Oral controlled drug delivery system 

 Parenteral controlled release systems 

 Opthalmic drug delivery systems 

 Intravaginal and intrauterine drug delivery system 

 Transdermal drug delivery systems 

Various approaches of oral Controlled Release Systems- 

1. Dissolution controlled 2. Diffusion controlled 3. Ion-exchange resins- drug complex 

4.Osmotically controlled system- Osmotic pump 5.Gastroretentive system- Altered density 

systems, Mucoadhesive systems, expandable system 6.Delayed release system- Intestinal 

release systems, Colonic release systems 

 

Drug release kinetics 

Zero Order- Graph plotted between cumulative percent drug release vs time. 
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First Order- Graph plotted between percent drug retained vs time. 

Higuchi kinetics- graph plotted between cumulative percent drug release vs Square root of 

time 

It represents the release by diffusion manner. 

Korsemeyer Peppas model- Graph plotted between log cumulative percent drug released vs 

log time.  

 

Microcapsule and Microspheres- Microspheres 

can be defined as solid, approximately spherical 

particles ranging in size from 1 to 1000 μm. 

Microcapsules consist of an encapsulated core 

particle. Entrapped substance completely 

surrounded by a distinct capsule wall. 

 

Osmotic pressure controlled system 

Osmotic pump drug delivery systems employ 

osmosis - the natural movement of water through a 

membrane - to make oral drug administration more 

accurate, precise and convenient.  

Osmotic pump drug delivery systems (OPS) utilize 

osmotic pressure as the driving force for the 

delivery of drugs. The formulation of this system mainly consists of an osmotic core, which 

is coated with a semi-permeable membrane, and a delivery orifice on the membrane, which is 

created by a laser drill. After orally taking, as soon as the tablet comes into contact with water 

in stomach, water will be imbibed through the membrane because of the resultant osmotic 

pressure, and then the drug will be released through the orifice at a controlled rate. 

Drug may be osmotically active, or combined with an osmotically active salt (e.g., NaCl). 

Semipermeable membrane usually made from Cellulose acetate. Drug is pumped out 

continuously because of osmotic pressure gradient. More suitable for hydrophilic drug. 

Provides zero order release. 

 

Gastroretentive Drug Delivery Systems- Gastroretentive dosage forms can remain in the 

gastric region for long periods and hence significantly prolong the gastric retention time 

(GRT) of drugs, which result in control release of drug. 
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Approaches to prolong the gastric residence time (GRT) of drug delivery system 

Various devices such as mucoadhesive, swelling, high-density and floating systems have 

been developed to increase GRT of a dosage form. 

Floating drug delivery systems- Floating drug delivery systems (FDDS) have a bulk density 

less than gastric fluids and so remain buoyant in the stomach without affecting gastric 

emptying rate for a prolonged period of time. While the system is floating on the gastric 

contents, the drug is released slowly at the desired rate from the system. 

Bioadhesive or Mucoadhesive drug delivery systems- In this approach, bio adhesive 

polymers are used and they can adhere to the epithelial surface in the stomach. Thus, they 

improve the prolongation of gastric retention. Materials commonly used for bioadhesion are 

polyacrylic acid, chitosan, sodium alginate, hydroxypropyl methylcellulose (HPMC), 

tragacanth. 

 

 

 

A) Low density, B) Bioadhesive, C) High density and D) Swelling/expanding 

 

Implant- Parenteral controlled release systems offer an advantage of decrease in frequency 

of injection. Depots, implants are used which can work from months to year and deliver the 

drug locally or to the systemic circulation at a controlled rate. 

Micro- and nano-fabrication technologies and microfluidics have enabled implantable drug-

delivery systems that achieve the desired drug-dosing profile. The DURIN biodegradable 
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implant technology is a platform for parenteral delivery of drugs for periods of weeks to six 

months or more. 

Atrigels as drug carrier devices (Depot)- Biodegradable injectable in situ gel forming drug 

delivery systems represent an attractive alternative to implants as parenteral depot systems. 

The formulation of these systems includes the dissolution of the water insoluble 

biodegradable polymer into a biocompatible solvent. The drug is added to the solution where 

it dissolves or forms a suspension. This drug/ Polymer mixture is then easily and 

conveniently injected into the body where it forms a solid implant inside the tissue. Most 

commonly used polymers are poly (dl-lactide), lactide/glycolide copolymers etc.  

 

Liposome and Niosome- Liposome are made 

of phospholipids; they may or may not contain 

cholesterol. Phospholipids have two 

hydrophobic tails. Niosomes is made of non-

ionic surfactants and cholesterol. Most 

surfactants have a single hydrophobic tail, e.g. Sodium dodecyl sulfate. Niosomes are usually 

more stable, as phospholipids in liposomes are prone to oxidative degradation. Niosomes are 

also inexpensive and easier to make and store. 

 

Opthalmic drug delivery system- 

To improve drug effectiveness by prolonging the contact with corneal surface can be 

achieved by insitu gel and ocular insert. 

In-situ gel- Drug solutions that gel in the conjunctival cul-de-sac are called as in-situ gel 

forming system. Sol/gel transition is based on change in pH (formulation based on carbopol 

polymer) and temperature (formulation based on Poloxamer- poly(ethylene oxide)-b-

poly(propyleneoxide)-b-poly(ethylene oxide. (Pluronics®, Tetronics®, poloxamer) 

Opthalmic inserts (films) are used to remain for a long period of time in eye. These are of 

erodible and non-erodible type. 

Ocusert (Non-erodible ocular insert) that is developed to deliver pilocarpine in the treatment 

of glaucoma. 

Lacrisert (Erodible inserts) a soluble mini-rod of hydroxypropylcellulose that dissolves 

within 24 hours to treat dry-eye syndrome. 

 

http://en.wikipedia.org/wiki/Liposome
http://en.wikipedia.org/wiki/Liposome
http://en.wikipedia.org/wiki/Niosome
http://en.wikipedia.org/wiki/Sodium_dodecyl_sulfate
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IUD (Intra-uterine device) is a small contraceptive 

device, often 'T'-shaped, often containing either copper 

or levonorgestrel, which is inserted into the uterus. An 

intra-uterine device will prevent pregnancy by making 

sure that the sperm does not reach the egg at any cost. 

The egg is released normally during ovulation but 

fertilization is avoided because the sperm is not allowed to reach the egg. In the off chance 

that the egg does get fertilized, the device will ensure that the lining of the uterus is altered so 

that the egg does not implant, resulting in pregnancy. As soon as it is implanted, the device 

begins its work. It is effective for about five years to ten years depending on the type of intra-

uterine device. 

 

Transdermal drug delivery system- A 

transdermal patch is a medicated adhesive 

patch that is placed on the skin to deliver a 

specific dose of medication through the 

skin and into the bloodstream. 

An advantage of a transdermal drug 

delivery route over other types of medication delivery such as oral, topical, intravenous, 

intramuscular, etc. is that the patch provides a controlled release of the medication into the 

patient, usually through either a porous membrane covering a reservoir of medication or 

through body heat melting thin layers of medication embedded in the adhesive. The main 

disadvantage to transdermal delivery systems stems from the fact that the skin is a very 

effective barrier; as a result, only medications whose molecules are small enough to penetrate 

the skin can be delivered by this method. 

The main components to a transdermal patch are: 

 Liner - Protects the patch during storage. The liner is removed prior to use.  

 Drug - Drug solution in direct contact with release liner  

 Adhesive - Serves to adhere the components of the patch together along with adhering 

the patch to the skin  

 Membrane - Controls the release of the drug from the reservoir and multi-layer 

patches  

 Backing - Protects the patch from the outer environment  

http://en.wikipedia.org/wiki/Levonorgestrel
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 Permeation Enhancer- These are permeation promoter for drugs, which increases 

delivery of drug.  

 Matrix Filler- It provides bulk to matrix as well as some of fillers acts as matrix 

stiffening agent.  

Various techniques to increase penetration 

Iontophoresis- Iontophoresis passes a few milliamperes of current to a few square 

centimeters of skin through the electrode placed in contact with the formulation, which 

facilitates drug delivery across the barrier. 

Electroporation- Electroporation is a method of application of short, high-voltage electrical 

pulses to the skin. After electroporation, the permeability of the skin for diffusion of drugs is 

increased 

67. Evaluation of transdermal patches- 

Thickness: The thickness of transdermal film is determined by screw gauge or micrometer at 

different points of the film. 

Uniformity of weight: Weight variation is studied by individually weighing 10 randomly 

selected patches and calculating the average weight. The individual weight should not deviate 

significantly from the average weight. 

Drug content determination: An accurately weighed portion of film is dissolved in suitable 

solvent in which drug is soluble and drug in solution is estimated spectrophotometrically by 

appropriate dilution. 

Content uniformity test: 10 patches are selected and content is determined for individual 

patches. If 9 out of 10 patches have content between 85% to 115% of the specified value and 

one has content not less than 75% to 125% of the specified value, then transdermal patches 

pass the test of content uniformity. But if 3 patches have content in the range of 75% to 

125%, then additional 20 patches are tested for drug content. If these 20 patches have range 

from 85% to 115%, then the transdermal patches pass the test. 

Moisture content: The prepared films are weighed individually and kept in a desiccators 

containing calcium chloride at room temperature for 24 h. The films are weighed again after a 

specified interval until they show a constant weight.  

Folding Endurance: Folding endurance is determined by repeatedly folding the film at the 

same place until it break. The number of times the films could be folded at the same place 

without breaking is folding endurance value. 

Tensile Strength: It is used to measure the elongation of the film.  
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Thumb tack test: The force required to remove thumb from adhesive is a measure of tack. 

Rolling ball test: This test involves measurement of the distance that stainless steel ball 

travels along an upward facing adhesive. The less tacky the adhesive, the further the ball will 

travel. 

In vitro release studies: 

a. The Paddle over Disc: (USP apparatus 5) - The transdermal system is attached to a disc or 

cell resting at the bottom of the vessel which contains medium at 32 ±5°C. 

b. The Cylinder modified USP Basket: (USP apparatus 6) - This method is similar to the 

USP basket type dissolution apparatus, except that the system is attached to 

the surface of a hollow cylinder immersed in medium at 32 ±5°C. 

c. The reciprocating disc: (USP apparatus 7)- In this method patches attached to holders are 

oscillated in small volumes of medium, allowing the apparatus to be useful for systems 

delivering low concentration of drug.  

In vitro permeation studies: Franz diffusion cell or Keshary-chien diffusion cell.  

 




