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ABSTRACT: 

A platform is a group of technologies that acts as a base for the development of other applications, methods, or 

technologies. Platform technologies are a beneficial tool for improving the productivity and quality of drug product 

development. The basic thought is that a platform, along with a risk-based approach, is the most efficient method for 

leveraging previous understanding for a new molecule. Moreover, such a platform technology allows a constant development 

through addition of data for each new molecule produced using this approach, thereby increasing the robustness of the 

platform. Following are some commonly used platform technologies: 

1. Nanotechnology, 

2. Liposomal technology, 

3. Hot melt extrusion, 

4. Sustained release formulations technology, 

5. Orally disintegrating formulations technology, 

6. Inhalation technology. 
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NANOTECHNOLOGY   

 

INTRODUCTION 

Nanotechnology is utilised for developing targeted therapies for diseases, such as cancer. It uses nano-sized particles for developing 

drugs to particular cell types, like cancer cells. The particles are made such that they attract to the diseased cells and ensure their 

direct treatment. The objective is to avoid undesired toxicity because of broad distribution, to increase patient compliance, and to 

generate positive clinical outcomes. 

Fig. 1 
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BRANCHES OF NANOTECHNOLOGY 

A number of Nanotechnology products are available and still a formidable amount of researches are going on in research laboratories 

and universities. Nanotechnology branches are being developed that could bang the global market for mineral, non- 

Fig. 2 

fuel commodities and agricultural. Presently, Nanotechnology is characterized as revolutionary discipline in terms of its influence 

on industrial applications. Nanotechnology offers probable solutions to several problems using emanating nano techniques. 

Depending on the strong inter panel character of nanotechnology there are several research fields and various potential applications 

that involves nanotechnology. 

 

1) Nanoengineering 

 

Fig. 3 

Nanoengineering is the practice of engineering on the nanoscale. It derives its name from the nanometre, a unit of measurement 

equalling one billionth of a meter.Nanoengineering is largely a synonym for nanotechnology, but emphasizes the engineering rather 

than the pure science aspects of the field. 

 

Techniques 

Scanning tunneling microscope (STM) - Can be used to both image, and to manipulate structures as small as a single atom. 

Molecular self-assembly - Arbitrary sequences of DNA can now be synthesized cheaply in bulk, and used to create custom proteins 

or regular patterns of amino acids. Similarly, DNA strands can bind to other DNA strands, allowing simple structures to be created. 
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2) Green Nanotechnology 

 

 

Fig.4 

 

 

Green nanotechnology is the branch of nanotechnology that enhances the environmental sustainability of processes producing 

negative facet. It includes manufacturing green Nano-products and then using these Nano-products in support of sustainability. The 

goal of green nanotechnology is to minimize future environmental and human health risks associated with the use of nanotechnology 

products, and to boost the replacement of existing products with nano-products that are more environmentally friendly. Solar cells. 

Nano remediation and water treatment all applications are based on green nanotechnology. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5 
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3) Wet Nanotechnology 

 

Fig. 6 

 

Wet nanotechnology refers to working up with large masses from small ones. W. Eric Drexler put forth the idea of Nano-assemblers 

working dry. The wet nanotechnology comes out to be the first area in which a Nano-assembler attains the trading results. 

Pharmaceuticals and bioscience are main features of wet nanotechnology. R.A.L Jones puts the bits of natural nanotechnology into 

a synthetic structure biokleptic nanotechnology. Using the guiding principles of biomimetic nanotechnology, trillions of nanotech 

robots are designed that resemble bacteria in structural properties, entering a person’s blood stream to do medical treatments like 

cancer. 

 

APPLICATION OF NANOTECHNOLOGY 

 

 
 

Fig. 7 
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ADVANTAGES OF NANOPARTICLES 

➢ Drug can be incorporated in to the system without any chemical reaction; this is an important factor for preserving the drug. 

➢ Controlled release and drug degradation characteristics can be readily modulated. There is no wastage of drug and thus 

enhanced bioavailability of drug at specific site. 

➢ It improves the solubility of poorly water-soluble drugs, prolong half-life of drug systemic circulation by reducing 

immunogenicity. 

➢ Release of drug at sustained rate, and it reduce the frequency of administration. 

➢ It provides comfort and compliance to the patient and yet improves the therapeutic performance of the drug over conventional 

systems. 

➢ Delivered in more targeted manner to the affected site.Able to control dosage by trigger, requirement and even time-release. 

➢ Drug concentration at affected site is more optimized.  

➢ Lesser exposure of unaffected sites to drug. 

 

DISADVANTAGES OF NANOPARTICLES 

➢ It may decrease their shelf life, and include physical and chemical instability, aggregation, fusion of vesicles, and leaking or 

hydrolysis of the encapsulated drug. 

➢ Nanoparticles preparations require specialized equipment for processing. 

➢ Inefficient drug loading. 

➢ It is expensive compared to conventional dosage form. 

 

CLASSIFICATION OF NANOPARTICLES 

Nanoparticles are broadly classified in to three classifications: 

 

(a) One-dimension nanoparticles:  

One dimensional system (thin film or manufactured surfaces) has been used for decades. Thin films (sizes 1-100 nm) or monolayer 

is no common place in the field of solar cells, offering different technological applications such as chemical and biological sensors, 

information storage systems, magneto-opti and optical device, fiber-optic systems. 

 

(b) Two-dimension nanoparticels: 

 Carbon nanotubes. 

 

(c) Three-dimension nanoparticles: 

Dendrimers, 

Quantum 

Dots 

Fullerenes (Carbon 60). 

 

PREPARATION OF NANOPARTICLES 

The selection of appropriate method for the preparation of nanoparticles depends on the physicochemical character of the polymer 

and the drug to be loaded. The primary manufacturing methods of nanoparticles from preformed polymer includes 

 

◆ Emulsion-Solvent Evaporation Method. 

 

◆ Double Emulsion and Evaporation Method. Salting Out Method. 

 

◆ Emulsions-Diffusion Method. 

 

◆ Solvent Displacement / Precipitation method.  

 

 

APPLICATIONS OF NANOPARTICLES 

 

➢ Nanoparticles improve protein and peptides stability, avoids proteolytic degradation as well as sustained release of the 

incorporated molecules. Important peptides such as cyclosporine A, insulin, calcitonin and somatostatin have been 

incorporated into solid lipid particles. 

➢ The anticancer drug can deliver at targeted cell of tumor via the enhanced permeability and retention effect or active targeting 

by ligands on the surface of nanoparticles. 

➢ Nanoparticles of topical formulation enhanced the drug efficacy. 

➢ Nanoparticles are used in various cosmetic products like Deodorant. Soap Toothpaste, Shampoo, Hair conditioner, Anti-

wrinkle cream, Moisturizer. Foundation Face powder etc 

➢ Nanoparticles are used as gene therapy. 

➢ Ocular delivery systems use nanoparticles for prolonged release of drugs to the eye. 

➢ Implantable delivery systems of nanoparticles produce prolong drug release. 
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➢ Nanoparticles as pulmonary drug delivery illustrated better therapeutic efficacy on bronchial tube. 

➢ Nanoparticles are used as carriers for nasal vaccine delivery. 

➢ Nanoparticles in Molecular diagnostics (molecular imaging) are used to characterize and quantify sub-cellular biological 

processes which include gene expression protein-protein interaction, signal transduction and cellular metabolism. 

➢ Nanoparticle as biosensor and bio-labels are employed for determination of various pathological proteins and physiological-

biochemical indicator associated with disease or disrupted metabolic conditions of body. 

 

 

 

LIPOSOMES.  

INTRODUCTION 

 

Liposomes are spherical shaped smal vesicles that can be produced from cholesterols, non toxic surfactants, sphingolipids, 

glycolipids, long chain fatty acids and even membrane proteins. Phospholipids spontaneously form a closed structure when 

dissolved in water with Internal aqueous environment bounded by phospholipids bilayer membranes, this vesicular system is called 

as liposome. Liposomes are the drug carrier loaded with different variety of molecules such as small drug molecules, proteins, 

nucleotides and even plasmids. 

Liposomes were first described in 1961 by British hematologist Dr. Alec D Bangham. Liposomes were discovered when Bangham 

and R. W. Horne were testing the institute's new electron microscope by adding negative stain to dry phospholipids. The 

resemblance to the plasma lemma and the microscope pictures served as the first real evidence for the cell membrane being a bilayer 

lipid structure. Liposome can be formulated and processed to differ in size, composition, charge and lamellarity Liposomal 

formulations of various therapeutic drugs have been commercialized. Liposomal encapsulation technology is the newest delivery 

technique used by medical investigators to transmit drugs that act as curative promoters to the assured body organs This form of 

delivery system proposal targeted the delivery of vital combinations to the body Liposomal encapsulation technology is a method 

of generating sub-microscopic foarm called liposomes, which encapsulate numerous materials. These liposomes form a barrier 

around their contents, which is resistant to enzymes in the mouth and stomach, alkaline solutions digestive juices, bile salts, and 

intestinal flora that are generated in the human body, as well as free radicals. The contents of the liposomes are, therefore, protected 

from Oxidation and degradation. This protective phospholipid shield or barrier remains undamaged until the contents of the 

liposome are delivered to the exact target gland, organ or system where the drug will be utilized. 

 

CLASSIFICATION OF LIPOSOMES 

The liposomes are classified on the basis of size and method of preparation. 

Classification Based on Size  

❖ Multilamellar Large vesicles (>0.5 μm). 

❖ Oligolamellar vesicles (>0.1-1.0 μm). 

❖ Unilameller vesicles (all size ranges). Multivesicular vesicles (> 1.0 μm). 

❖ Medium unilameller vesicles. 

❖ Giant unilameller vesicles >1 um 

❖ Small unilameller vesicles 20-100 nm. 

❖ Large unilameller vesicles >100 nm. 

 

Classification Based on Method of Preparation 

❖ Vesicles prepared by extrusion method. Vesicles prepared by French press 

❖ Vesicles prepared by fusion. 

❖ Vesicles prepared by reverse phase evaporation. 

❖ Frozen and thawed MLV. Dehydration and rehydration vesicles. 

❖ Stable plurilamellar vesicles. 

 

PREPARATION OF LIPOSOMES 

The material such as- Phospholipids, Synthetic Phospholipids, Glycerolipi pycosphingolipids Cholesterol Polymeric material, 

Charge-inducing lip used in the preparation of liposomes. The liposomes are prepared by active loading or passive loading. 

Active or Remote loading: The liposomes are first generated containing embrace gradient, ie. the aqueous phase inside and outside 

the liposomes hest Subsequently, an amphipathic drug dissolved in the exterior aqueous phase cir nate across the phospholipid 

bilayers, followed by interaction with a trapping agent in here to lock in the drug. 

Passive loading: Involves loading of the entrapped agents before or during the manufacturing procedure. 

 

METHOD OF PREPARATION OF LIPOSOMES: 

 

 

 

 

 

 

http://www.ijrti.org/


                                  © 2023 IJRTI | Volume 8, Issue 2 | ISSN: 2456-3315 
 

IJRTI2302050 International Journal for Research Trends and Innovation (www.ijrti.org) 303 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8 

 

 

 

APPLICATION OF LIPOSOMES 

 

➢ Increased delivery of potent drugs to the cytosol (in which drug's receptors present), can be accomplished using liposomal 

drug delivery system. 

➢ Liposomes used to provide sustained release of drug. 

➢ Intra peritoneal administration is useful in treatment of tumor present in Intra 

➢ peritoneal cavity. Immune response of vaccines can be enhanced by liposomes. 

➢ Liposomes as drug or protein delivery vehicles. 

➢ Liposome in antimicrobial, antifungal (lung therapeutics) and antiviral (anti-HIV) therapy Liposomes as artificial blood 

surrogates. 

HOT MELT  EXTRUTION INTRODUCTION 

 

Industrial application of the extrusion process dates back to 1930's . Hot-melt I extrusion is one of the most widely applied 

processing technologies in the plastic, rubber and food industry. Currently, more than half of all plastic products, including plastic 

bags. sheets and pipes are manufactured by this process.Recently melt extrusion has found its place in the array of the 

pharmaceutical manufacturing operations. Several research groups have evaluated this technology to achieve enhancement in 

dissolution rates for poorly water soluble drugs, to modify drug release and transdermal passage of the drug.Extrusion is the process 

of converting a raw material into a product of uniform shape and density by forcing it through a die under controlled conditions. 

Extrusion can be operated as a continuous process, which is capable of consistent product flow at relatively high throughput rates. 

An extruder consists of two distinct parts: the conveying system which transports the material and imparts a degree of distributive 

and dispersive mixing, and the die system which forms the material into the required shape. Extrusion may be broadly classified 

into molten a system under temperature control or a semisolid viscous system. In molten extrusion, heat is applied to the material 

in order to control its viscosity and enable it to flow through the die. Whereas, semisolid systems are multiphase concentrated 

dispersions containing a high proportion of solid mixed with liquid phase 

 

 

 

Dissolve lipid in organic solvent/ co-solvent 

Remove organic solvent under vacuum 

Flim deposition solid lipid mixture is hydrated by using aqueous buffer 

Lipid spontaneously swell and hydrate 

Liposome 

Post hydration vortexing, sonication, freeze thawing and high pressure extrusion 
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PROCESS AND EQUIPMENT 

Hotmelt extrusion equipment consists of an extruder, auxiliary equipment for the extruder, down stream processing equipment, and 

other monitoring tools used for performance and product quality evaluation. The extruder is typically composed of a feeding hopper, 

barrels, single or twin screws, and the die and screw- driving unit. The auxiliary equipment for the extruder mainly consists of a 

heating/cooling device for the barrels, a conveyer belt to cool down the product and a solvent delivery pump. The monitoring 

devices on the equipment include temperature gauges, a screw-speed controller, an extrusion torque monitor and pressure gauges. 

The theoretical approach to understanding the melt extrusion process is therefore, generally presented by dividing the process of 

flow into four sections:  

1) Feeding of the extruder. 

2) Conveying of mass (mixing and duction of particle size). 

Fig. 9 

3) Flow through the die. 

4) Exit from the die and down-stream Processing. 

Generally, the extruder consists of one or two rotating screw inside a stationary cylindrical barrel. The barrel is often 

manufactured in sections, which are bolted or clamped together. An end-plate die, connected to the end of the barrel, determines 

the shape of the extruded product. (Figure 8 and Figure 9) 

 

Fig. 10 
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Fig. 11 

The heat required to melt or fuse the material is supplied by the heat generated by friction as the material is sheared between the 

rotating screws and the wall of the barrel in combination with electric or liquid heaters mounted on the barrels. Most commercial 

extruders have a modular design, providing a choice of screws or interchangeable sections which alter the configuration of the feed, 

transition, and metering zones. This makes it possible to modify the process to meet particular requirements, for example, from 

standard to high shear extrusion or addition of solvent and evaporating the solvent form material. Modifying screw designs  

 

        

 

allow the extruder to perform a mixing and reduction of particle size in addition to extrusion, so that material can be blended into 

the extrudate or even dissolved (Figure 10). The various screw and die design available and practical considerations of thermoplastic 

extrusion are reviewed by Whelan and Dunning. The extrusion channel is conventionallydivided into three sections: feed zone, 

transition zone, and metering zone (Figure 11). The starting material is fed from a hopper directly in to the feed section, which has 

deeper flights or flights of greater pitch (Figure 12). This geometry enables the feed material to fall easily into the screw for 

conveying along the barrel. The pitch and helix angle determine the throughput at a constant rotation speed of the screws. The 

material is transported as a solid plug to the transition zone where it is mixed, compressed, melted and plasticized. Compression is 

developed by decreasing the thread pitch but maintaining a constant flight depth or by decreasing flight depth while maintaining a 

constant thread pitch. Both methods result in increased pressure as the material moves along the barrel. The melt moves by 

circulation in a helical path by means of transverse flow, drag flow, pressure flow and leakage; the latter two mechanisms reverse 

the flow of material along the barrel. The space between screw diameter and width of the barrel is normally in the range of 0.1-0.2 

mm.The material reaches the metering zone in the form of a homogeneous plastic melt suitable for extrusion. For an extrudate of 

uniform thickness, flow must be consistent and without stagnant zones right up to the die entrance. The function of the metering 

zone is to reduce pulsating flow and ensure a uniform delivery rate through the die cavity. The twin-screw extruder has two agitator 

assemblies mounted on parallel shafts These shafts are driven through a splitter/reducer gear box and rotate together with the same 
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direction of rotation (co-rotating) or in the opposite direction (counter rotating) and are often fully intermeshing. In such case, the 

agitator element wipes both the surface of the corresponding element on the adjacent shaft, and the internal surfaces of the mixing 

chamber and ensures a narrow and well-defined residence time distribution. In general, co-rotating shafts have better mixing 

capabilities as the surfaces of the screws move towards each other. This leads to a sharp change in mass flow between the screw 

surfaces (4, 5). As the screws rotate, the flight of one screw element wipes the flank of the adjacent screw, causing material to 

transfer from one screw to the other. In this manner the material is transported along the extruder barrel. The twin-screw extruder 

is characterized by the following descriptive features: 

1) Short residence time: The residence time in the twin-screw extruder in a typical extrusion processes ranges from 5-10 minutes 

depending on the feed rate and screw speed. 

2) Self wiping screw profile: The self wiping screw profile i.e. the flight of the one screw wipes the root of the screw on the shaft 

next to it, ensures near complete emptying of the equipment and minimizes product wastage on shutdown 

3) Minimum inventory Continuous operation of the equipment coupled with the continuous feeding of the material helps in reducing 

inventories of work in progress. This is important when processing valuable or potentially hazardous materials. 

4) Versatility: Operating parameters can be changed easily and continuously to change extrusion rate or mixing action. The 

segmented screw elements allow agitator designs to be easily optimized to suit a particular application. Die plates can also be easily 

exchanged to alter the extrudate diameter. This allows processing of many different formulations on a single machine, leading to 

good equipment utilization. Polymers with a wide range of viscoelastic and melt viscosities may be processed and even fine powders 

may be directly fed into the system. 

5) Superior mixing: The screws have various mixing elements which impart two types of mixing, distributive mixing and dispersive 

mixing. The distributive mixing ideally maximizes the division and recombining of the material while minimizing energy.  

 

The dispersive mixing ideally breaks droplet or solid domains to fine morphologies using energy at or slightly above the threshold 

level needed. This mixing aids in efficient compounding of two or more materials in the twin-screw extruder. 

Typical twin-screw laboratory scale machines have a diameter of 16-18 mm and length of four to ten times the diameter. A typical 

throughput for this type of equipment is 0.5- 5 gm/min. As the residence time in the extruder is rather short and the temperature of 

all the barrels are independent and can be accurately controlled from low temperatures (30°C) high temperatures (300°C) to 

degradation by heat can be minimized. Extrusion processing requires close monitoring and understanding the various parameters: 

viscosity and variation of viscosity with shear rate and temperature, elasticity and extensional flow over hot metal surfaces. Today, 

extruders allow in-process monitoring and control of parameters, such as the temperature in the extruder, head and die as well as 

pressure in extruder and die. The main monitoring and controlling parameters are barrel temperatures, feed rate, screw speed, motor 

load and melt pressure. Barrel temperature, feed rate and screw speed are controlling parameters and motor load and melt pressure 

are monitoring parameters. 

 

i) Barrel temperatures: The glass transition or melting temperatures of polymers and drug usually determines the barrel temperature 

 

ii) Feed rate and screw speed: The constant feeding rate and screw speed throughout the process is important as the combination of 

these two factors establishes the level of fill in extruder. This is critical to the process, because it governs the balance between the 

weak and strong mass transfer mode. Due to constant feed rate and screw speed, there will be a constant amount of material in the 

extruder and thus the shear stress and residence time applied to material remains constant. 

 

iii) The motor load and melt pressure: These parameters depend on feed rate and screw speed. With constant feed rate and screw 

speed these parameters depend upon the molecular weight of polymer and drug as well as polymer miscibility in binary mixtures  
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STAINED RELEASE FORMULATION TECHNOLOGY 

 

All the pharmaceutical products formulated for systemic delivery via the oral route of administration irrespective of the mode of 

delivery (immediate, sustained or controlled release) and the design of dosage forms (either solid dispersion or liquid), must be 

developed within the intrinsic characteristics of Gl physiology. pharmacokinetics, pharmacodynamics and formulation design is 

essential to achieve a systemic approach to the successful development of an oral pharmaceutical dosage form¹. Advantages of 

administering a single dose of a drug that is released over an extended period of time, instead of numerous doses, have been obvious 

to the Pharmaceutical industry for some time. The desire to maintain a near-constant or uniform blood le a drug often translates into 

better patient conce, as well as enhanced clinical efficacy of rug for its intended use Because of increase complication and expense 

involved in marketing new drug entities, has focused greater atter on development of sustained release or trolled release drug 

delivery systems. Matrixm is widely used for the purpose of sustained rese. It is the release system which prolongs and controls the 

release of the drug that is dissolved or persed. In fact, a matrix is defined as a well-mixed composite of one or more drugs with 

gelling agent i.e. hydrophilic polymers. One of the interesting results of pharmaceutical research is the fact that absorption rate of 

a drug can be decreased by reducing its rate of release from the dosage form. The product so formulated are designated as sustained 

action, sustained release, delayed action, prolonged action, depot, respiratory retarded release and timed release medication. Over 

the past 30 years, as the expense and complication involved in marketing new entities have increased with concomitant recognition 

of the therapeutics advantages of controlled drug delivery, greater attention has been focused on development of sustained or 

controlled drug delivery system. Sustained release technology is relatively new field and as a consequence, research in the field has 

been extremely fertile and has produced many discoveries. With many drugs, the basic goal is to achieve a steady state blood level 

that is therapeutically effective and non-toxic fir an extended period of time. The design of proper dosage is an important element 

to accomplish this goal. Sustained release, sustained action, prolonged action, controlled release, extended action, timed release and 

depot dosage form are term used to identify drug delivery system that are designed to achieve prolonged therapeutic effect by 

continuously releasing medication over an extended period of time after administration of a single dose. In the case of oral sustained 

released dosage form, an effect is for several hours depending upon residence time of formulation in the GIT. Conventional drug 

therapy requires periodic doses of therapeutic agents. These agents are formulated to produce maximum stability, activity and 

bioavailability. For most drugs, conventional methods of drug administration are effective, but some drugs are unstable or toxic and 

have narrow therapeutic ranges. Some drugs also possess solubility problems. In such cases, a method of continuous administration 

of therapeutic agent is desirable to maintain fixed plasma levels as shown in Figure 14. 

 

Fig. 14. Drug levels in the blood with a) Traditional drug dose systems and b) Controlled drug delivery dose systems.  

 

 
Fig. 14 

To overcome these problems, controlled drug delivery systems were introduced three decades ago. These delivery systems have a 

number of advantages over traditional systems such as improved efficiency, reduced toxicity, and improved patient convenience. 

The main goal of controlled drug delivery systems is to improve the effectiveness of drug therapies." Not all the drugs are the 

suitable candidates for the sustained release dosage form. Ideal characteristic of the drug for the sustained release dosage form are; 

➢ Drug should have a shorter half-life as drug with a longer half-life are inherently long acting drugs.ug should be absorbed from 

large portion gastrointestinal tract, since absorption mont occur through the gut On should be having a good solubility profile 
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➢ to be a good candidate for sustained release dosage form Dose of the drug should not be too large, as a larger dose is to be 

incorporated into sustained release dosage form.  

➢ stential advantage of sustained release dosage 

➢ Avoid patient's compliance problem due to reduced frequency of dosing Blood level oscillation characteristics of multiple 

dosing of conventional dosage form is reduced because a more even blood level is Maintained.  

➢ Employ a less total drug Minimize or eliminate local or systemic side effects. 

➢ Minimize drug accumulation with chronic a dosing. Obtained less potential of reduction in drug activity with chronic use. 

➢ Improved efficiency in treatment. 

➢ Cure or control condition more promptly. 

➢ Improved control of condition reduced fluctuation in drug level. 

➢ Improved bioavailability of some drugs 

➢ Make a use of special effects, eg, sustained release aspect for relief of arthritis by dosing before bedtime. 

➢ Economy. 

 

MECHANISM OF DRUG RELEASE FROM MATRIX DEVICES 

 

(1) Dissolution controlled release Sustained release oral products employing dissolution as the time limiting step are simplest to 

prepare. If a drug has a rapid rate of dissolution it is possible to incorporate it into a tablet with a carrier that has a slow rate of 

dissolution, In the dissolution process if the dissolution process is diffusion layer control, the rate of diffusion of drug from the solid 

surface to the bulk solution through an unstirred liquid film, is the rate limiting step. in this case the dissolution process at steady 

state would be described by Noyes-Whitney equation, 4/4-KA(CC) 

Where, 

d/d, Dissolution rate KoDissolution rate constant 

C-Saturation solubility of drugC The concentration of drug in bulk of Dissolution control formulations are categories as 

Encapsulation dissolution control Matrix dissolution control 

 

Fig. 15. Schematic representation of dissolution controlled release systems (a) matrix system, and 

  
                                                    Fig. 15 

 

(b) coated/encapsulated system 

a. Encapsulation dissolution control - This method involves coating individual particles or granules of drug with slowly dissolving 

material. The coated particles can be compressed directly into tablet as in spacetabs or placed in capsule as in spansule products. 

 

b. Matrix dissolution control - This method involves compression of the drug with a slowly dissolving carrier in a tablet form. Here 

the rate of drug availability is controlled by the rate of penetration of the dissolution fluid into the matrix. This in turn, can be 

controlled by porosity of the tablet matrix, the presence of hydrophilic and the wettability of the tablet and particle surface. Diffusion 

controlled release 

These systems are of two types; 

a. Encapsulation diffusion control 

In this system water -insoluble polymeric material encases a core of drug. Drug will partition into the polymer membrane and  

exchange with the fluid surrounding the particle or tablet. 

Fig. 16. Drug release of diffusion across the insoluble membrane of reservoir device 

                            Fig. 16 

The rate of drug release is given by the equation. dyd, AdkAc (2) 

Where, 

A = Area 

D= Diffusion coefficientK = The partition coefficient of the drug between the membrane and the drug core 
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1=The diffusional path length 

Ac= The concentration difference across the membrane. 

An important parameter in the above eq. (2) is the partition coefficient, which is defined as the concentration of the drug in the 

membrane over the concentration if the drug in core. 

b. Matrix diffusion control 

Fig. 17. Diffusion controlled devices (a) rigid matrix, and (b) swellable matrix. 

                                                Fig. 17 

 In this system, a solid drug is dispersed in lipophillic or a hydrophilic polymer matrix and the rate of release of drug depends on 

the rate of drug diffusion and not on the rate of solid dissolution. 

 

MATERIAL USE AS RETARDANTS IN MATRIX TABLET FORMULATION 

These classes of retardant materials are used to prepare matrix tablet formulations. 

 a. Water insoluble inert materials - eg polyethylene, polyvinyl chloride, methyl acrylate, methacrylate copolymer, ethyl cellulose.  

b. Insoluble, erodable materials - e.g. Steryl alcohol, stearic acid, polyethylene glycol, carnauba wax, caster wax, polyethylene 

glycol monosterate, triglycerides. 

c. Hydrophillic materials - e.g. Hydroxy propyl methylcellulose, sodium CMC, methylcellulose, hydroxy ethyl cellulose. Natural 

gums: Galactomannose (guargum), chitosan, gum acacia, locust bean gum, sodium alginate, karaya gum, pectins, xanthan gum. 

d. Natural polymers - eg. Ispaghula husk, tamarind seed polymer. 

 

DRUG PROPERTIES RELEVANT TO SUSTAINED RELEASE FORMULATION  

The design of sustained - release delivery systems is subject to several variables of considerable importance. Among these are the 

route of drug delivery, the type of delivery system, the disease being treated, the patient, the length of therapy and the properties of 

the drug. Each of these variables are interrelated and this imposes certain constrains upon choices for the route of delivery, the 

design of the delivery system and the length of therapy. Properties of drugs are very important for designing a sustained release 

dosage form mainly physicochemical and biological properties of the drug are most important. 

 

Physicochemical properties  

a) Aqueous solubility and pKa 

A drug to be absorbed it must be dissolved in the aqueous phase surrounding the site of administration and then partition into the 

absorbing membrane. Two of the most important physicochemical properties of a drug that influence its absorptive behavior are its 

aqueous solubility and if it is a weak acid or base its pka. These properties pay an influential role in the performance of controlled 

release systems. The aqueous solubility of a drug influences its dissolution rate, which in turn establishes its concentration solution 

and hence the driving force for diffusion across membrane. The dissolution rate is constant only if surface area 'A' remain constant, 

but the important point to note is that the initial rare is directly proportional to aqueous solubility Cs. Therefore, aqueous solubility 

of a drug can be used as a first approximation of its dissolution rate. Drugs with low aqueous solubility have low dissolution rates 

and usually suffer oral bioavailability problems. Formulation of such a drug into a sustained release system may not provide 

considerable benefits over conventional dosage forms. Any system upon diffusion of drug through a polymer as the rate limiting 

step in release would be unsuitable for a poorly soluble drug, since the driving force for diffusion is the concentration of drug in the 

polymer or solution, and this concentration would be low For a drug with very high solubility and a rapid dissolution rate, it is often 

quite difficult to decrease its dissolution rate to slow its absorption. Preparing a slightly soluble form of a drug with normally high 

solubility is, however, one possible method for preparing controlled release dosage forms. 

 

b) Partition Coefficient 

Between time that a drug is administered and the time is eliminated from the body, it must diffuse through a variety of biological 

membranes that act primarily as lipid like barriers. A major criteria in evaluation of the ability of a drug to penetrate these lipid 

membranes is its apparent oil/water partition coefficient defined as K = Co/Cw ----(3) 

Where; 

Co= Equilibrium concentration of all forms of the drug e.g. ionized and unionized in an organic phase at 

equilibrium.C Equilibrium concentration of all forms in aqueous phase. 

 

In general, drugs with extremely large values of 'K are very oil soluble and will partition into membrane quite readily. According 

to Haunch correlation, the logarithm of the activity of a drug or its ability to be absorbed and the logarithm of its partition coefficient 

having parabolic relationship. The explanation for this relationship is that the activity of a drug is a function of its ability to cross 

membranes and interact with the receptor. The more effectively a drug crosses membranes, the greater its activity. The optimum 

partition coefficient value of a drug in which it most effectively permeates membranes and thus shows the greatest activity. The 
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value of K at which optimum activity is observed is approximately 1000/1. Drugs with a partition coefficient that is higher or lower 

than the optimum is, in general, poorer candidates for formulation into controlled- release dosage forms. 

 

C) Drug stability 

One important factor for oral dosage forms is the loss of drug through acid hydrolysis and/or metabolism in the GI tract. Since a 

drug in the solid state undergoes degradation a much slower rate than a drug in suspension or solution. It is possible to improve 

significantly the relative bioavailability of a drug that is unstable in the stomach; the most appropriate controlling unit would be one 

that release its content only in the intestine. The reverse in the case for those drugs that are unstable in the environment of the 

Intestine, the most appropriate controlling unit in this case would be one that releases its contents only in the stomach, so, drugs 

with significant stability problems in any particular area of the GI tract are less suitable for formulation into controlled release 

systems that deliver their content uniformity over the length of the GI tract. Controlled drug delivery systems may provide benefits 

for highly unstable drugs because the drug may be protected from enzymatic degradation by incorporation into a polymeric matrix. 

 

d) Protein Binding  

There are some drugs which having tendency to bind with plasma proteins (eg. Albumin) and causes retention of the drug in the 

vascular space. The main force of attraction responsible for binding is wanderwals forces, hydrogen bonding and electrostatic forces. 

In general, charged compounds, because of electrostatic effects. If a drug with protein then  the distribution of the drug into the 

extravascular space is governed by the equilibrium process of dissociation of the drug from the protein. The drug-protein complex 

can serve therefore as a reservoir in the vascular space for controlled drug release to extravascular tissues, but only for those drugs 

that exhibit a high degree of binding. Thus, the protein binding characteristics of a drug can play a significant role in its therapeutic 

effect, regardless of the type of dosage form. Extensive binding to plasma proteins will be evidenced by a long half-life of 

elimination for the drug and such drugs generally does not required a controlled- release dosage form, however, drugs that exhibit 

a high degree of binding to plasma protein also might bind to biopolymers in the GI tract, which could have an influence on 

controlled-drug delivery. 

 

e) Molecular size and diffusivity 

Drugs in many sustained-release systems must diffuse through a rate controlling membranes or matrix. The ability of a drug to 

diffuse through membranes, it's so called diffusivity (diffusion coefficient), is a function of its molecular size (or molecular weight). 

An important influence upon the value of the diffusivity. 'D', in polymers is the molecular size for molecular weight of the diffusing 

species. 

 

Biological Properties 

 a) Absorption 

The rate, extent and uniformity of absorption of a drug are important factors when considering it's formulation into a sustained- 

release system. Since the rate limiting step in drug delivery from a sustained release system is its release from a dosage form, rather 

than absorption, a rapid rate of absorption of drug relative to its release is essential if the 'system is to be successful. In case of 

controlled release dosage: form K,<<< K, this becomes most critical in the case of oral administration. Assuming that the transit 

time of a drug through the absorption half- life should be to 4 hrs. This corresponds to a minimum absorption rate constant K, of 

0.17 to 0.23 hr necessary for about 80 to 95 % absorption over a 9 to 12 hr transit time. For a drug with a very rapid rate of absorption, 

(ie, K, >>0.23 hr '), the above discussion implies that a first order release rate constant K, <0.17 hr is likely to result in unacceptable 

poor bioavailability in many patients. Therefore, slowly absorbed drugs will be difficult to formulate into controlled release systems 

where the criteria that K, <<< K, must be met. 

 

b) Distribution  

The distribution of a drug into vascular and extravascular spaces in the body is an important factor in its overall elimination kinetics. 

Two parameters that are used to describe the distribution characteristics of a drug are its apparent volume of distribution and the 

ratio of drug concentration in the tissue is that in plasma at the steady state called T/P ratio. The magnitude of the apparent volume 

of distribution can be used as a guide for additional studies and as a predictor for a drug dosing regimen and hence there is a need 

to employ a controlled-system. 

 

c) Metabolism 

Drugs that are significantly metabolized before absorption, either in the lumen or tissue of the intestine can show decreased 

bioavailability from slower-releasing dosage forms. Most intestinal wall enzyme systems are saturable. As the drug is released at a 

slower rate to these regions, less total drug is presented to the enzymatic process during a specific period allowing more complete 

conversion of drug to its metabolite. Formulation of these enzymatically susceptible compounds as prodrug is another viable 

solution. 

 

d) Biological Half Life 

 The usual goal of an oral sustained release product is to maintain therapeutic blood levels over an extended period. To this, drug 

must enter the circulation at approximately the same rate at which it is eliminated. The elimination rate is quantitatively described 

by the half-life. Each drug has its own characteristics elimination rate, which is the sum of all elimination processes including 

metabolism, urinary excretion and all other processes that permanently remove drug from blood stream. Therapeutic compounds 

with short half-life are excellent candidates for sustained-release preparations, since this can reduce dosage frequency. However, 
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this is limited, in that drugs with very short biological half-life as it may require excessively large amounts of drug in each dosage 

unit to maintain sustained effect, forcing the dosage form itself to become limiting large. In general, drugs with half-life shorter 

than two hrs. are poor candidates for sustained release preparations. Drugs with long half-life, more than 8 hrs., are also generally 

does not be used in sustaining forms, since their effect is already sustained. 

 

e) Side Effects and Safety  

There are very few drugs whose specific therapeutic concentrations are known. Instead, a therapeutic concentration range is listed, 

with increasing toxic effects expected above this range and a falloff in desired therapeutic response observed below the range. The 

most widely used measure of the margin of safety of a drug is its therapeutic index, (TI). For very potent drugs, whose therapeutic 

concentration range is narrow, the value TI is small. In general, larger the value of TI, Usually are poor candidates for formulation 

into controlled-release product. A drug is considered to be relatively safe if its TI value exceeds. 

 

f) Dose Size 

Since a controlled-release system is designed to alleviate repetitive dosing, it is naturally contain greater amount of drug that a 

corresponding conventional dosage form. For lose drugs requiring large conventional doses, the volume of sustained dose may be 

so large so to be impractical or unacceptable, depending on the route of administration. The same may be true for drugs that require 

a large release rate from the controlled-release system, e.g., drugs with shorter half-life. For oral route, the volume of the product 

is limited by patient acceptance. 

 

ORALLY DISTINTEGRATING FORMULATION TECHNOLOGY 

 

INTRODUCTION 

For the past one decade, there has been an enhanced demand for more patient-friendly and compliant dosage forms. As a result, the 

demand for developing new technologies has been increasing annually. Since the development cost of a new drug molecule is very 

high, efforts are now being made by pharmaceutical companies to focus on the development of new drug dosage forms for existing 

drugs with improved safety and efficacy together with reduced dosing frequency, and the production of more cost- effective dosage 

forms. 

For most therapeutic agents used to produce systemic effects, the oral route still represents the preferred way of administration, 

owing to its several advantages and high patient compliance compared to many other routes². Tablets and hard gelatin capsules 

constitute a major portion of drug delivery systems that are currently available. However, many patient groups such as the elderly, 

children, and patients who are mentally retarded, uncooperative, nauseated, or on reduced liquid-intake/diets have difficulties 

swallowing these dosage forms. Those who are traveling or have little access to water are similarly affected 3-5 To fulfill these 

medical needs, pharmaceutical technologists have developed a novel oral dosage form known as Orally Disintegrating Tablets 

(ODTs) which disintegrate rapidly in saliva, usually in a matter of seconds, without the need to take it water. Drug dissolution and 

absorption as well as onset of clinical effect and drug bioavailability may be significantly greater than those observed from 

conventional dosage forms Although chewable tablets have been on the market for some time, they are not the same as the new 

ODTS. Patients for whom chewing is difficult or painful can use these new tablets easily. ODTs can be used easily in children who 

have lost their primary teeth but do not have full use of their permanent teeth. Recent market studies indicate that more than half of 

the patient population prefers ODTs to other dosage forms and most consumers would ask their doctors for ODTS (70%), purchase 

ODTS (70%), or prefer ODTS to regular tablets or liquids (>80%). 

The US Food and Drug Administration Center for Drug Evaluation and Research (CDER) defines, in the 'Orange Book', an ODT 

as "a solid dosage form containing medicinal substances, which disintegrates rapidly, usually within a matter of seconds, when 

placed upon the tongue. The significance of these dosage forms is highlighted by the adoption of the term, "Orodispersible Tablet", 

by the European Pharmacopoeia which describes it as a tablet that can be placed in oral cavity where it disperses rapidly before 

swallowing. ODT products have been developed for numerous indications ranging from migraines (for which rapid onset of action 

is important) to mental illness (for which patient compli important for treating chronic indications suen as depression and 

schizophrenia). 

IDEAL PROPERTIES OF ODTS 

The performance of ODTS depends on the technology used during their manufacture. The necessary property of such tablets is the 

ability to disintegrate rapidly and disperse or dissolve in saliva, thereby obviating the need for water. Various technologies have 

been developed that enable ODT to perform this unique function. An ideal ODT should meet the following criteria: 

does not require water for oral administration yet disintegrates and dissolves in oral cavity within a few seconds has sufficient 

strength to withstand the rigors of the manufacturing process and post-manufacturing handling allow high drug loading has a 

pleasant mouth feel is insensitive to environmental conditions temperature such as humidity and is adaptable and amenable to 

existing processing and packaging machineries. 

Evaluation test 

Disintegration test 

The time for disintegration of ODTs is generally less than one minute and actual disintegration time that patient can experience 

ranges from 5-30 seconds. The standard procedure of performing disintegration test for these dosage forms has several limitations 

and they are not suitable for the measurement of very short disintegration times. The method needs to be modified for ODTS as 

disintegration is required without water; thus the test should mimic disintegration in salivary contents. A modified dissolution 

apparatus is applied to an ODT with a disintegration time that is too fast to distinguish differences between tablets when the 

compendial method is used. A basket sinker containing the tablets is placed just below the water surface in a container with 900 
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mL of water at 37 °C, and a paddle rotating at 100 rpm is used. The disintegration time is determined when the tablet has completely 

disintegrated and passed through the screen of the sinker. Various scientists have developed new in vitro methods that allow an 

accurate determination of disintegration test. The disintegration test is performed using a texture analyzer instrument. In this test, a 

flat-ended cylindrical probe penetrates into the disintegrating tablet immersed in water. As the tablet disintegrates, the instrument 

is set to maintain a small force for a determined period of time. The plots of some distance traveled by the probe generated with the 

instrument's software provide disintegration profile of the tablets as a function of time. The plot facilitates calculation of the start 

and end-point of the tablet disintegration. 

 

Dissolution test  

The development of dissolution methods for ODTS is comparable to the approach taken for conventional tablets, and is practically 

identical. Dissolution conditions for drugs listed in a pharmacopoeia monograph, is a good place to start with scouting runs for a 

bioequivalent ODT. Other media such as 0.1 M HCI and buffer (pH 4.5 and 6.8) should be evaluated for ODT much in the same 

way as their ordinary tablet counterparts. It has been suggested that USP 2 paddle apparatus is the most suitable and common choice 

for orally disintegrating tablets, with a paddle speed of 50 rpm commonly used. 

 

Moisture uptake studies  

Moisture uptake studies for ODT should be conducted to have an insight into the stability of the formulation, as several excipients 

used are hygroscopic. Ten tablets from each formulation are kept in a desiccator over calcium chloride at 37°C for 24 h. The tablets 

are then weighed and exposed to 75% RH at room temperature for two weeks. The required humidity (75% RH) is achieved by 

keeping saturated sodium chloride solution at the bottom of the desiccator for three days. One tablet as control (without 

superdisintegrant) is kept to assess the moisture uptake due to other excipients. Tablets are weighed and the percentage increase in 

weight is recorded.  

 

Clinical studies 

In vivo studies have been performed on oral fast-disintegrating dosage forms to investigate their behavior in the oral-esophageal 

tract, their pharmacokinetic and therapeutic efficacy, and acceptability. Zydis's residence time in the mouth and stomach, and its 

transit through the esophageal tract, was investigated using gamma-scintigraphy. Its dissolution and buccal clearance was rapid; the 

esophageal transit time and stomach emptying time were comparable with those of traditional tablets, capsules, or liquid forms. A 

decreased intersubject variability in transit time was also observed. Zydis also showed good therapeutic efficacy and patient 

acceptability particularly in children or when easy administration and rapid onset of action were required (such as for patients 

undergoing surgery) The fast- disintegrating forms examined showed improved pharmacokinetic characteristics when compared 

with reference oral solid formulations. For example, the absorption rate of the acetaminophen Flashtab was higher than that of the 

brand leader, while having the same bioavailability. Increased bioavailability and improved patient compliance were observed in 

Lyoc formulations for different drugs such as phloroglucinol, glafenine spironolactone, and propyphenazone Using Zydis, all the 

drugs that can be absorbed through the buccal and esophageal mucosa exhibited increased bioavailability and side-effect reduction. 

This is helpful particularly in actives with marked first-pass hepatic metabolism. Finally, the suitability of ODTS for long-term 

therapy was also assessed. Lyoc formulations containing aluminum were positively tested in patients with gastrointestinal symptoms. 

 

 

INDUSTRIAL APPLICATIONS 

 

⚫ To develop an orally disintegrating dosage forms and to work with existing disintegrants. 

⚫ To further improvise upon the existing technology of ODTS. 

⚫ To optimize the blend of disintegrants or excipients to achieve ODTS. 

⚫ To select and develop proper packaging material and system for enhancedstability of the product and also develop a cost-

effective product. 

⚫ To arrive at various taste-masking agents and prepare palatable dosage forms thereby increasing patient compliance. 

⚫ To develop disintegrants from different polymers which are used as coating materials by certain modifications and use them 

for formulating ODTS. 

 

INHALATION TECHNOLOGY 

 

Inhalers are a commonly used device to deliver medication to individuals with airway disease. With correct use, inhalers are very 

effective at providing quick and effective symptomatic relief within the lung. avoiding high levels of systemic exposure. These 

pharmacokinetic characteristics widen the therapeutic index, thus allowing for maximal therapeutic benefit with minimal adverse 

effects. However, this theoretical advantage is somewhat attenuated by incorrect use of the inhaler device. Improper usage of 

inhalers facilitates oropharyngeal deposition which significantly increases systemic absorption of the drug resulting in increased 

toxicity. For example, when particles that are too large are inhaled, the upper throat deposition of corticosteroids causes hoarseness 

and oropharyngeal candidiasis; by contrast, increased alveolar deposition of much smaller particles can cause an increase in 

systemic adverse drug reactions. 

Inhalers, therefore, play a crucial role in the management of patients with airway disease and it is being recognised that the choice 

of the inhalation device appears to be as important as that of the drug molecule. Indeed in daily clinical practice, pulmonologists 

usually focus on the pharmacological properties of the various respiratory drugs in selecting the best possible therapeutic option, 
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but little consideration is given to the features of the different inhalers and to the ability of the patient to use the device itself. In 

fact, it is often underappreciated how incorrect inhaler usage by patients is directly associated with increased healthcare resource 

utilisation. The medicine inside an inhaler goes straight into the airways. Therefore, it needs smaller dose compared to tablet or 

liquid doses form. Inhalation represents an attractive rapid and patient-friendly route for the delivery of systemically acting drugs, 

as well as for drugs that are designed to act locally on the lungs themselves. This concept is especially exciting now that, the concept 

of an inhaled systemic macromolecule. One of the key factors for success in this area is the ability to control the combined powder 

and device properties This is essential for the development of dry-powder inhaler (DPI) products, which yet remains a major 

technical hurdle to those wishing to succeed with this route and exploit the product opportunities arising from the numerous market 

drivers: 

❖ Rapid onset of action. 

❖ Improving patient acceptance and compliance for a non-invasive systemic 

❖ Reduction of side effects. 

❖ Differentiation of new product and competitive brand opportunities. 

❖ Expedition of regulatory approval through improved consistency of delivery and product stability. 

❖ Product lifecycle enhancement. 

❖ New forms of inhaled therapeutics often requiring high doses and/or greater efficiency and accuracy. 

❖ Attractive device form with convenient and easy operation and delivery. 

 

 

 

Metered-Dose Inhalers  

Fig. 18 

The MDI was a revolutionary invention that overcame the problems of the hand-bulb nebulizer, as the first portable outpatient 

inhalation device and is the most widely used nerosol delivery device today. The MDI emits a drug aerosol driven by propellants, 

such as chlorofluorocarbons (CFC) and more recently, hydrofluoroalkanes (HFAs) through a nozzle at high velocity (> 30 ms ¹). 

MDIs deliver only a small fraction of the drug dose to the lung. Typically, only 10-20% of the emitted dose is deposited in the lung. 

The high velocity and large particle size of the spray causes approximately 50-80% of the drug aerosol to impact in the 

oropharyngeal region. Hand-mouth disco-ordination is another obstacle in the optimal use of the MDI. The delivery efficiency of 

an MDI depends on a patient's breathing pattern inspiratory flow rate (IFR) and hand-mouth co-ordination. Increase in IFR result 

in decrease in total lung dose deposition and penetration into the peripheral airways. Fast inhalations (> 60 / min¹) result in a reduced 

peripheral deposition because the aerosol is more readily deposited by inertial impaction in the conducting airway and 

oropharyngeal regions. When perosols are inhaled slowly, deposition by gravitational sedimentation in peripheral regions of the 

lung is enhanced. Peripheral deposition has also been shown to increase with anincrease in tidal volume and a decrease in respiratory 

frequency. As the inhaled volume increased, aerosols are able to penetrate more peripherally into the lungs. A period of breath 

holding on completion of inhalation enables particles which penetrate the periphery to be deposited in that region, instead of being 

exhaled during the expiratory phase. 
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Fig. 19 

Pressurized Metered-Dose Inhalers 

The pMDI is not available for all drugs or dosages, making it difficult for clinicians 1 prescribe the same type of device for diverse 

inhaled medications. This is exacerbated by thi trend of many pharmaceutical companies not to release newer inhaled drugs as 

pMDIs. TI design of the CFC-propellant pMDI requires initial and frequent priming. Failure to prime th device results in 

administration of a substantially lower dose than that prescribe Unfortunately, frequent priming tends to waste drug to atmosphere. 

The greatest single limitation of the pMDI is the inconsistent dosing that occurs with incorrect use. This includes the impact of 

hand-breath asynchrony, excessive inspiratory flow velocity, nose-breathing and the cold-Freon effect (the patient stops inhalation 

when the cold aerosol plume reache the hypopharynx). For an aerosol device efficiently to deliver medication to the low respiratory 

tract, most of the aerosol medication particles must be of a size for inhalation and deposition in the airway, generally 0.5-4.5 um 

mass median aerodynamic diameter. The patient must inhale the aerosol with a slow, deep inhalation to maximize aerosol deposition 

in the airway, followed by a breath-hold to allow sedimentation of the medication particles Extended use of the pMDI beyond the 

labeled number of doses results in a "tailing-off" effect at the end of canister life. While the pMDI provides consistent dosing for 

the number of actuations listed on the drug label. After that, the dose fluctuates between the nominal dose and a negligible dose. In 

the absence of a dose-counter, which is not provided with mos PMDIs, the patient must count the number of doses taken to determine 

the effective life of The PMDI The method of "floating" the pMDI canister in water to determine canister depletion is unreliable, 

and water entering the nozzle can reduce the emitted dose of subsequent actuations. 

 

Dry Powder Inhalers 

Fig. 20 

Dry powder inhalers Interest in DPIs as an effective, efficient and environmentally friendly Way of delivering drugs to the lung has 

accelerated in recent years. A fundamental difficulty with developing solid state aerosols, or DPIs, is managing both the ubiquitous 

and the insient forces contained in powder beds. Indeed, managing such particulate forces, for ample via particle engineering 

techniques, is now considered central to successful DPI formulation and production. In consequence, much attention is currently 

focused on producing "smart" formulations, where it may be possible to achieve excellent powder flow d low cohesive forces. 
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However, having an efficient and robust formulation technology in ite laboratory is only a start on the road to producing a successful 

DPI product. Hurmaceutical scientists all too frequently meet major obstacles when they engage in the world of DPI product design 

- not least because of the further complications of this area resulting from the plethora of DPI device designs There is tremendous 

variation in the ethods used to store and meter powders and to generate the aerosol cloud. 

 

 
Fig.20 

In the case of DPI aerosol generation, there is a great deal of variation between different types of devices, in the fluid dynamic and 

electrostatic environment that the powder rmulation experiences. With DPIs, the drug aerosol is created by directing air through 

loose owder. Most particles from DPIs are too large to penetrate into the lungs due to large owder agglomerates or the presence of 

large carrier particles (e.g. lactose). Thus dispersionof the powder into respirable particles depends on the creation of turbulent air 

flow in the powder container. The turbulent airstream causes the aggregates to break up into particle small enough to be carried into 

the lower airways and also to separate carrier from dru Each DPI has a different air flow resistance that governs the required 

inspiratory effort. The higher the resistance of the device, the more difficult it is to generate an inspiratory flow great enough to 

achieve the maximum dose from the inhaler. However, deposition in the lung tends to be increased when using high-resistance 

inhalers.  
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