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PREFACE 

One of the emerging areas of drug delivery today is in the area of Novel Drug 

Delivery Systems. During the last two decades colossal amount of work had already been 

done by pharmaceutical scientists all over the world relating to novel drug delivery systems. 

The study of the controlled release of drug for their extended and safe use has become an 

important field of research and drug delivery to the systemic circulation through the intact 

skin has been considered as an important route of drug delivery. Though the concept of 

transdermal therapeutic system of drug delivery has been well known since 1924, it is only in 

the year of 1979, with FDA approval of scopolamine transdermal systems, it has received 

broad impact on the scenario of novel dosage forms. Transdermal therapeutic systems are 

designed for controlled drug delivery through the skin into systemic circulation maintaining 

consistent efficacy and reducing dose of the drug and it's related side effects. It provides an 

alternative route of drug delivery avoiding the hepatic first pass effect. It also improves 

patient compliance, safety and efficacy of the drug. While the aim was to fabricate 

transdermal patches of antihypertensive drug propranolol hydrochloride using easily available 

and economic excipients, author wanted to optimize transdermal patch formulation of 

propranolol hydrochloride to deliver the drug for a prolong period of time. The work has 

adopted simple and precise methods and computer supported systems to design and evaluate 

the efficacy of the delivery system experimented upon. The results indicate that the findings 

are resemble to the expectation and the formulated transdermal patches of propranolol 

hydrochloride could effectively sustain the release of the contained drug for a prolong time 

period and at the same time could maintain a steady plasma concentration. Successful 

development of propranolol hydrochloride transdermal patches is therefore expected to enrich 

the field of same specialization and the entire pharmaceutical research activity as well. 
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1: introduction 

INTRODUCTION 

1.1 Controlled release drug delivery systems- an emerging aspect in etJective drug 

release: 

A dosage form can be defmed as the means of containing and delivering the 

drug(s) for its local and/or systemic bioavailability. Dosage forms for releasing the drug(s) 

can be divided broadly into two types- conventional dosage forms and controlled release 

dosage forms. The fundamental of controlled release drug delivery system is to optimize 

the biopharmaceutics, pharmacokinetic and pharmacodynamic properties of drug in such a 

manner that its utility is maximized by controlled release of the drug and by reducing the 

side effects 1
• Formulation of controlled release drug delivery systems involves the 

inevitable application of polymers which control the release of drug in the systemic 

circulation and maintain plasma drug level within the therapeutic range for a longer 

period. The ways in which chemicals or drugs are administered have gained increasing 

attention in the past two decades. Normally, a chemical is administered at a given time 

only and repeat that dose after several hours or days later. This is not economical and 

sometimes results in damaging side effects. As a consequence, increasing attention has 

been focused on methods of administering drugs continually for prolonged time periods 

and in a controlled fashion. The primary method of accomplishing this controlled release 

has been through incorporating the chemicals within polymers. This technology now spans 

many fields and includes pharmaceuticals, food and agricultural applications, pesticides, 

cosmetics, and household products. In the pharmaceutical field, in addition to the 

importance of polymers, an understanding ofthe physiological barriers in the human body 

is also critical to develop appropriate controlled release systems. The skin, the 

gastrointestinal tract, the nose and the eye are of particular importance. 

The strategies used by the pharmaceutical industry for discovery of a potential new 

drug delivery system have been changed dramatically in recent year. These changes in 

strategy present new challenges and opportunities for the application of new 

methodologies in the drug delivery processes. The study of the controlled release of drug 

for their extended and safe use has become an important field of research and drug 

delivery to the systemic circulation through the intact skin has been considered as an 

important route of drug delivery. Large numbers of drugs are successfully used in this 
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particular route. Formulations applied on skin can be classitled into two categories 

according to the target site of action of the containing drugs. One has systemic action after 

drug uptake from the cutaneous microvascular network and the other exhibits local effects 

in the skin 2
• Typically all conventional dosage forms with the lone exception of LV. 

infusion follow first order kinetics with respect to release of drugs from the dosage form. 

This means the dosage form release the drug initially at a faster rate thus leading to quick 

raise in blood level of the drug and then falls exponentially until a further dose is 

administered. This results in peaks and valleys pattern in drug concentration in blood. 

Thus for most of the time the drug is above the required therapeutic level or below it. 

Equality in rate of absorption and the rates of metabolic elimination could result in 

equilibrium distribution of drug delivery system or therapeutic system. Essentially the 

advent of drug delivery systems brings rate controlled delivery with fewer side effects, 

increased efficacy and constant delivery. 

1.2 Transdermal drug delivery systems: 

During the last decade, transdermal delivery of drugs has received increasing 

attention in the face of growing awareness that administered by conventional means are 

frequently excessively toxic and sometimes ineffective. Thus, conventionally administered 

drugs in the form of pills, capsules, injectables, and ointments are introduced into the body 

as pulses that usually produce large fluctuation of drug concentration in the bloodstream 

and tissues and, consequently, unfavorable patterns of efficacy and toxicity. 

As shown in figure 1.1, transdermal delivery affords an improved approach to the 

administration of drugs by maintaining a therapeutic but constant concentration of drug in 

the blood for a desired period of time, usually between 1 and 7 days. Theoretically, the 

two most important advantages of transdermal delivery are ( 1) reduction of side effects 

due to optimization of the blood concentration-time profile; and (2) extended duration of 

activity, which allows greater patient compliance owing to elimination of multiple dosing 

schedules 3
• Transdermal delivery may also increase the therapeutic value of many drugs 

by obviating specific problems associated with the drug, e.g., gastrointestinal irritation, 

low absorption, decomposition due to hepatic "first-pass" effect, formation of metabolites 

that cause side effects, and short half-life necessitating frequent dosing. 
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1: Introduction 

The choice of drugs to be delivered transdermally is a most difficult task, and 

careful consideration should be given to each application before large expenditures are 

committed to clinical testing. Currently only a few drugs could be delivered transdermally, 

owing to three basic limitations: inadequate permeability through skin, inadequate 

tolerability of the drug by the skin, and clinical need. The stratum corneum layer of the 

skin is an exceptionally effective barrier to most chemicals, including drugs. 

Drug 
Concentration in 
Blood 

Time 

Toxic Level 

Ideal Transdermal dose 

Minimum Effective Level 

Doses of Conventional 
Delivery Systems 

Figure 1.1: Graphical presentation of plasma drug level after conventional and 

controlled delivery: 

Thus very few drugs can permeate this horny layer in amounts sufficient to deliver 

a therapeutic dose. Fortunately, skin permeation models and adequate experimental data 

exist that allow one to make a reasonable prediction of a drug's permeability through skin. 

Chemical and nonchemical enhancers used to increase permeation exacerbate the skin's 

3J 



tolerability of the dmg and enhancers. We now appreciate that the skin performs a variety 

of tasks that maintain a homeostatic balance between the "inside" of the body and the 

"outside" environment. Tasks significant in transdermal delivery include regulation of heat 

and water loss (hydration, occlusion), resistance to mechanical stress (ultrasonic 

enhancement), and protection of the host from toxic materials (drugs, enhancers). 

Protection of host from drugs and enhancers comes in the form of skin irritation and 

sensitization. Skin irritation (or contact irritant dermatitis) results from the direct toxic 

injury to cell membranes, cytoplasm, or nuclei. To repair the damage, the arachidonic acid 

cascade is initiated through which the lipoxygenase and cycloxigenase pathways produce 

very potent inflammatory chemicals, such as leukotrienes, prostaglandins, and 

thromboxanes. Skin sensitization, or contact allergic dermatitis, involves mainly a host 

immunologic activity which is mediated by the different types of skin cells, e.g. 

keratinocytes, langerhans, macrophages, and mast cells, which can synthesize a variety of 

cytokines and other bioactive materials that are responsible for the local skin unun.uA<w 

reaction and systemic immune responses. It is expected that over 80 % all drugs 

have significant irritation or sensitization problems. 

In addition to skin, drug and drug-skin interaction, drug pharmacokinetic and 

design of the transdermal delivery device are also very important. In transdermal drug 

delivery, pharmacokinetics is important because target tissues are seldom directly 

accessible, and drugs must be transported from the portal of entry on the body through a 

variety ofbiological interfaces to reach the desired receptor site. During this transport, the 

drug can undergo severe biochemical degradation and, thereby, produce a delivery pattern 

at the receptor site that differs markedly from the pattern of drug release into the system. 

The process of molecular diffusion through polymers and synthetic membranes has been 

used as an effective and reliable means of attaining transdermal controlled release of drugs 

and pharmacologically active agents. 

1.3 Transdermal delivery of drugs- the changing scenario: 

In the past twenty four years, transdermal drug delivery has moved from clinical 

reality being with the first scopolamine patches approved in 1979, to the point where 

transdermal delivery represents a viable way of delivering a number of drugs with the 

potential, as research is pursued along many lines, to delivery many more. Some of the 
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earliest contributions related to transdermal delivery involved understanding the principal 

permeation barriers in the skin. As early as 1924, Rein hypothesized that the principal 

resistance to transdermal transport was in a layer of cells joining the stratum corneum to 

the epidermis. Blank subsequently supported the fact, by doing stripping experiments in 

which he removed the stratum corneum from the skin surface and showed that the rate of 

water loss from skin increased dramatically once the last cellular layer of the stratum 

corneum was eliminated. Scheupin's work established the transdermal penetration was 

limited by the stratum corneum itself; he showed that molecular impermeability was due 

to a passive process. The history of transdermal drug delivery is shown in table 1.1 4
• 
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Table 1.1: Events of the changing scenario of transdermal drug delivery technology: 

1900 Iontophoresis, demonstration of enhanced skin transport. 

1954 Sonophoresis, demonstration of enhanced skin transport. 

1976 Micro needles, patent issued for transdermal delivery phoresor iontophoresis device. 
FDA approved as a device. 

1979 Transderm scop (Scopolamine) patch, FDA approved for motion sickness. 

1981 Transdermal-Nitro-Dur and Nitro disc (nitroglycerin) patches, FDA approved for 
angma. 

I 
1983 CF-Indicator (pilocarpine) iontophoresis device, FDA approved for cystic fibrosis l 

diagnosis. 

j 1984 Duragesic (fentenyl) patch, FDA approved for analgesia. 
I 

1986 Estraderm (17 ~-oestradiol) patch, FDA approved for hypertension. 

1990 Catapres -TIS ( clonidine) patch, FDA approved for hypertension 

1991-92 Nicotine patches introduced by four pharmaceutical companies 

1991-95 Low frequency sonophoresis, demonstration oftransdermal protein delivery. 

1993 Skin electroporation, demonstration of enhanced skin transport Testoderm 
(tersosterone) patch, FDA approval for hypogonadism. 

1995 Iontocaine (epinephrine/lidocaine) iontophoresis patch, FDA approved for hormone 
replacement microneedles demonstration of enhanced skin transport. 

1998 Combpatch (oestradiol/norethindrone) patch, FDA approved for hormone replacement 
microneedls demonstration of enhanced skin transport. 

--
1999 Lidoderm (lidocaine) patch, FDA approval for post-herpatic neuralgia. 

2001 Ortho-Evra (ethinyl oestradiol, norlgestromin), FDA approval for glucose monitoring 

2003 Oxytrol (oxybutynin) patch, FDA approval for overactive bladder thermal poration, 
demonstration of enhanced skin transport 
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The· idea of delivering drugs through the skin is old, as far back as the 16th century 

B.C., the Ebers Papyrus recommended that the husk of the castor oil plant be crushed in 

water and placed on an aching head and "the head will be cured at once, as through it had 

never ached". Today transdermal drug delivery is a well-accepted means of delivering 

many drugs to the systemic circulation, and currently transdermal patch devices are used 

to treat motion sickness, hypertension, angina, female menopause, severe pain states, 

nicotine dependence, and male hypogonadism 5. 

The factors influencing the suitability of a drug for TDD are as follows: 

• Potency of the drug-- the daily systemic dose should be:::; 20 mg. 

• Molecular size-- the drug should have a MW of< 500 Daltons. 

• Lipophilicity-- the logP should be within the range of 1-3. 

• Melting point-- should be < 200°C. 

• Hydrogen bonding groups-- should be :::; 2. 

• Irritation-- the drug should not be irritant directly to the skin. 

• Immunogenicity-- the drug should not stimulate an immune reaction in the skin 6. 

1.3.1 Transdermal patches as drug delivery device: 

The simply designed transdermal patch has undergone a dramatic transformation 

over the past decade. In its strictest sense, all transdermal systems attempt to create a 

balance between a number of key factors including size of patch or coverage area, 

concentration of the drug, duration of therapeutic drug level, and use of an enhancer. 

1.3.1.1 Bumble beginnings: 

The first transdermal systems were simply pieces of plastic dipped into a drug that 

was dissolved in alcohol 7
. The plastic had an adhesive around the edges. Although 

revolutionary in their day, they created a significant number of skin reactions, more often 

than not fell off, and had a number of other limitations. These problems gave a lasting 

negative impression of the whole sector. 

The next generation - still in use - uses a "drug in the adhesive" model. This is a 

significant improvement, as the skin irritation is diminished and in many cases eliminated. 

The adhesive serves two functions: It is the glue that keeps the patch attached to the skin, 
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and it acts as the suspension that holds the drug. But it creates a major challenge: The 

concentration of the drug within the adhesive directly affects the "stickiness" of the 

adhesive. Thus, if there is a need for large quantities of drug, either the size of the patch 

must be increased or the patch needs to be re-applied more frequently. Basically, the patch 

would not stick, as it would be primarily made up of the drug. 

1.3.1.2 Next generation patches: 

Third generation patches have solved some of these issues by using an acrylic 

reservoir that holds the drug. Silicon adhesive is added to create a semisolid suspension of 

microscopic, concentrated drug cells. 

Now, fourth generation transdermal systems involve the addition of an enhancer- a 

mechanism to increase the permeability of the skin - and in some of the technology, a 

mechanism to time the delivery and create bolus dosing. 

1.3.1.3 Nanotechnology gaining hold: 

Another enhancer that is gaining advancement is microneedles. Why should a 

needle that is a few inches long are used to deliver a drug that is only a few atoms large? 

This technology combines the advantage of a needle and the transdermal patch. The 

devices are dime-sized pieces of polymer with hundreds of hollow microneedles between 

100 and 1,000 micrometers long. These small needles penetrate the top layers of skin and 

allow the drug to pass through with ease. 

This technology can be combined with an electronically controlled micropump that 

delivers the drug at specific times or upon demand. These devices allow the patient or 

physician to control the time and dose of the drug being delivered. These devices have the 

potential to place drugs precisely into the area where special immune cells reside, making 

these drugs capable of modulating the immune system, with relative ease. 

Alza Corporation is using a slightly different variation on the use of needles. The 

company has developed the patented Macroflux transdermal technology that uses 

microprojections to create superficial pathways through the dead skin barrier. The tips of 

the projections contain active drug - a quick bolus. Interestingly, the Alza Web site 
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displays a study where human growth hormone, a rather large protein, was able to reach 

therapeutic levels hours after the application of the patch. 

1.3.1.4 Pain relief: 

Pain relief routinely benefits from transdermal patch technology. We are aware of 

the Duragesic patch. There are several others now on the market. One is Lidodellil, a patch 

containing lidocaine 5 %, which is used for post herpetic neuralgia. Other exciting 

advancements in pain control include the E-Trans fentanyl HCl patch. This credit card-size 

patch is an active delivery device that has a self-contained battery that delivers pulses of 

fentanyl HCl, a strong narcotic. This mimics the use of intravenous self-controlled 

analgesic systems that are very expensive, cumbersome, and require considerable nursing 

care. Finally, SonoPrep offers a topical anesthetic system with an ultrasound enhancer. 

Tr..is system uses a small ultrasound generator to transport 4 % lidocaine hydrochloride 

into the skin in an area just big enough to place a catheter into a vein or artery. It 

anesthetizes the area in less than a minute and can allow for prolonged application for 

several hours. 

These advances will revolutionize the delivery of many drugs, enhancing the 

application of nanotechnology and giving new options to patients who require biologic 

drugs. Now polypeptides and even proteins are not need to be injected or infused. These 

advances will soon fuel Tomorrow's Medicine! 

A transdermal patch or skin patch is a medicated adhesive patch that is placed on 

the skin to deliver a time released dose of medication through the skin and into the blood 

stream. Transdermal patches are used to deliver a wide variety of pharmaceuticals. The 

first commercially available prescription patch was approved by the U.S. Food and Drug 

Administration in December 1979, which administered scopolamine for motion sickness. 

The most well-known skin patch now a days is the nicotine patch which releases nicotine 

to help quitting the habit of tobacco smoking. Other skin patches administer estrogen for 

menopause and to prevent osteoporosis after menopause, nitroglycerin for angina, and 

lidocaine to relieve the pain of shingles (herpes zoster). Recent developments expanded 

their use to the delivery of hormonal contraceptives, anti-depressants and even pain killers. 

Some pharmaceuticals must be combined with substances, such as alcohol, that increase 
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their ability to penetrate the skin in order to be used in a transdennal patch. Molecules of 

insulin and many other pharmaceuticals, however, are too large to pass through the skin. 

In 2005, the Food and Drug Administration, USA announced that they are 

investigating reports of death and other serious adverse events related to narcotic overdose 

in patients using Duragesic, the fentanyl transdermal patch for pain control. The Duragesic 

product label was subsequently updated to add safety information in June 2005. 

1.3.2 Skin as the site for transdermal drug delivery: 

The skin of an average adult covers a surface area of approximately 2 sq.m and 

receives about one-third of the blood circulating through the body. It is one of the most 

readily accessible organs of the human body with a thickness of only few millimeters 

(2.97 ± 0.28 mm). For understanding the concept oftransdermal drug delivery system, it is 

important to review the structural and biochemical features of human skin and those 

characteristics which contribute to the barrier function and the rate of drug access into the 

body via skin. 

1.3.2.1 Skin anatomy: 

The skin is one of the most extensive organs of the human body. It has varied 

functions and properties with a thickness of only a millimeter. The skin separates the 

underlying blood circulation network from the outside environment, serves as a barrier 

agent of physical, chemical and microbial attacks, acts as a thermostat in maintaining body 

temperature, protects from harmful UV rays of the sun and plays a role in the regulation of 

blood pressure. 

Anatomically, the skin has many histological layers but in general, it is described 

in terms of three major tissue layers: the epidermis, the dermis and hypodermis 8
. The 

epidermis results from an active epithelial basal cell population and is approximately 150 

micrometer thick. It is the outmost layer of the skin and the process of differentiation 

results in migration of cells from the basal layer towards the skin surface. The end result of 

this process is the formation of a thin, stratified and extremely resilient layer (the stratum 

corneum) at the skin surface. Below this layer are the other layers of the epidermis - the 

stratum lucidum, stratumgranulosum, stratum spinosum and germinativum. Together, 

these other layers constitute the viable epidermis. 
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The human skin surface is known to contain on an average 10-70 hair follicles and 

200-300 sweat ducts on every square centimeter of the skin area. These skin appendages 

occupy only 0.1 % of the total skin surface. Even though foreign agents specially water 

soluble ones, may be able to penetrate the skin via skin appendages faster than through the 

intact area of the stratum corneum, this transappendageal route has provided limited 

contribution to overall transdermal kinetic profile. Therefore the transdermal permeation 

of most neutral molecules at steady state can be considered as, primarily, a process of 

passive diffUsion through the intact stratum corneum in the interfollicular region. So for 

fundamental understanding of transdermal drug infusion the organization of skin can be 

represented by a simplified multilayer model as shown in figure 1.2. 
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The stratum corneum or the horny layer is the rate limiting barrier that restricts the 

inward and outward movement of chemical substances. Over most of the body, the stratum 

corneum is composed of 15-25 layers of acutely flattened, metabolically inactive, 

somewhat polygonal cells having a dry weight density of 1.3 - 1.4 g/cm3
• The thickness of 

individual cell layers varies from 0.2 micrometer to 0.5 micrometer depending on their 

location. The interior of these cells is crisscrossed with densely packed bundles of keratin 

fibers. Due to this, the dry composition ofthe horny layer is composed of75-85% protein, 

most of which is the intracellular keratin and a part being associated with a network of cell 

membranes. The bulk of the remainder of the substances of the stratum corneum is a 

complicated mixture of lipids which lies between the cells. It appears to be organized into 

hi-layers. The stratum corneum thus has two distinct chemical regions, the mass of 

intracelluiar protein and the intercellular lipoidal medium. These phases are isolated from 

one another by cell membranes which are themselves knit together by desmosomes adding 

a tough in restructure to the horny mass. 

The epidermis rests on the much thicker (2000 micrometer) dermis. The dermis 

essentially consists of about 80 % of protein (collagen fibers) in a matrix of muco

polysaccharide "ground substance". A rich bed of capillaries is encountered 20 

micrometer or so into the dermal field. Also contained within the dermis are lymphatic, 

nerves and the epiderma] appendages such as hair follicles, sebaceous glands and sweat 

glands. Excepting the soles of the feet, the palms of the hand, red portion of the lips and 

select portions ofthe sex organs, the entire skin surface contains hair follicles. Each hair 

follicle is associated with one or more sebaceous glands which are out growths of 

epithelial cells. The duct of the sebaceous gland is filled with a soft, slowly extruded 

lipoidal medium-sebum. About 1/1000 of the total skin surface is occupied by hair 

follicles. The sweat glands are divided into the eccrine and apocrine types and are widely 

distributed over the surfaces of the body. Eccrine glands are particularly concentrated in 

palms and soles ( 400 glands/ cm2
). The apocrine glands are found around nipples. These 

are coiled tubular glands, about ten times larger than eccrine glands and extend entirely 

through the dermis and well into the subcutaneous layer. The sweat glands serve to control 

body heat by secretion of a dilute salt solution. 
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1.3.2.2 Lipids contributing the barrier function of the skin: 

One major element underlying the impermeability of skin is the hydrophobic 

nature of the stratum corneum Major changes in the lipid composition of the epidermis 

occur as cells move from the basal layer to horny layer. There is a shift from polar lipids to 

neutral lipids and almost complete loss of phospholipids. 

1.3.2.3 Function of the skin: 

1. To contain body fluids and tissues- the mechanical function. 

2. To protect from potentially harmful external stimuli - the protective or barrier 

function from 

a) Microorganism; b) chemicals; c) radiation; d) heat; e) electrical barrier; f) 

mechanical shock 

3. To receive external stimuli, i.e., to mediate sensation: a) pressure; b) pain; c) heat. 

4. To regulate body temperature. 

5. To synthesize and to metabolize compounds. 

6. To dispose of chemical waste (glandular secretion). 

7. To attract the opposite sex (apocrine secretions are evolutionarily disfunction in this 

role). 

8. To provide identification by skin variation. 

Like other tissues of body, the skin has two metabolic requirements, small 

molecular weight building blocks and chemical energy. Dissimilarities peculiar to the skin 

are discussed here, as it might affect transdermal drug delivery. 

1.3.2.4 l)er~is: 

The dermis is the largest component of the skin and gives the mechanical strength 

to the skin. The dermis is arbitrarily divided into two parts: the upper, pappilary, and the 

lower, reticular 9• Protein synthesis (from amino acid precursors) is a key factor in dermal 

metabolism. Fibroblasts produce and deposit extracellularly, huge quantities of collagen 

and elestin. This becomes important in repair/ turnover of dermal proteins altered by 

environmental sunlight. Extensive protein synthesis also occurs in hair follicles where 

hairs, consisting of approximately 95 % protein originate. 
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The sebaceous glands produce large quantities of lipid (from the two carbon 

precursor acetate). The energy divided from the intracellular aerobic carbohydrate 

(glucose) metabolism is used for cellular synthetic processes. 

1.3.2.5 Epidermis: 

The source of energy for the lower portion ofthe epidermis is also glucose and the 

end product of metabolism, lactic acid accumulates in skin, which results in a drop in 

tissue pH from the usual 7 to less than 6. The cells rely primarily on fatty acids (lipids) for 

cellular functions. These fatty acids are derived from the degradation of phospholipids 

from membranes. The energy derived is used in synthesis of the proteins and lipids for 

construction of stratum corneum. 

During differentiation from basal cells to stratum corneum by degradation of the 

existing cellular components, the entire cellular make up changes. Specialized cellular 

organelles called lysosomes contain a host of lytic enzymes which they release for 

intracellular lyses. The epidermis is reservoir of such lytic enzymes. Many of these 

enzymes are inactivated in upper granular layer; however, many also survive into the 

stratum corneum. The stratum corneum also has proteolytic enzymes involved in this 

desquamation. 

1.3.2.6 Skin surface: 

The skin surface has a population of micro-organisms. They can contribute to the 

skin enzymology. Their diversity and abundance can vary considerably among individuals 

and body sites. They can also effect skin surface lipid composition via hydrolysis of 

secreted sebum. 

1.3.3 Percutaneous absorption: 

Percutaneous absorption involves passive diffusion of substances through the skin. 

The mechanism of permeation can involve passage through the epidermis itself 

(transdermal absorption) or diffusion through shunts, particularly those offered by the 

relatively widely distributed hair follicles and eccrine glands (transfollicular or shunt 

pathway absorption). 
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1: Introduction 

Routes of penetration 

The drug or diffusant has three potential routes for entry into the subepidermal tissues 

1. Through the hair follicles with their associated sebaceous glands. 

2. Via sweat glands. 

3. Across the continuous stratum corneum between these appendages. 

Penetration through the hair follicles and sweat glands can be grouped as appendageal 

route and penetration across stratum corneum can be further classified as transcellular and 

intercellular routes. 

:....:-.' -' 

Figure 1.3: Diagrammatic representation of transepidermal routes of penetration 

through skin: 
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1.3.3.1 Factors affecting transdermal permeability: 

Transport of drug through skin is influenced by many factors, among which are the 

nature of the drug itself: the nature of the vehicle, the condition of the skin, and the 

presence of moisture. The principal factors influencing and causing difference in 

transdermal permeability of the stratum corneum can be classified as follows. 

• Physicochemical properties ofthe penetrant molecule. 

• Physicochemical properties of drug delivery system. 

• Physiological and pathological conditions of the skin. 

Physicochemical properties of penetrant molecules: 

The permeation can be possible only if the drug possesses certain physicochemical 

properties. The physicochemical properties of the drug are the most important criteria for 

the judicious selection and the use of drug for effective transdermal permeation. The 

important physicochemical properties that primarily effect its diffusion through the device 

and skin include molecular weight, solubility, melting point, chemical functionality etc. 

The salient approaches governing the physicochemical properties of drug which influence 

the transdermal permeability include: 

• Diffusion of drug across the stratum corneum. 

• Drug partitioning from the stratum corneum into the viable epidermis. 

• Drug transport within the delivery system to the device-skin surface interface. 

• Transport of the drug through the viable tissue. 

• Drug uptake by the cutaneous microcapillary net work and subsequent systemic 

distribution. 

Diffusion: 

The transport characteristics of the drug are determined primarily by its size and by 

its level of interaction with the media through which diffusion is taking place, i.e. delivery 

system, stratum corneum, viable epidermis. Most drugs in current use have molecular 

weight of less than 1000 dalton. Beyond this magnitude, organic molecules tend to fall 

into categories such as polymer or peptides. The drugs having molecular weights less than 

300 dalton have been widely accepted for transdermal patches for reasons of better 
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diffusion characteristics_ However, drugs having molecular weight of more than 300 are 

also delivered through other suitable technique like iontophoresis. 

For the small species (< 1000 dalton) the effect of size on diffusion in liquid may be 

viewed in terms ofthe Stokes-Einstein equation, that is D = c.M-113 

Where, M =molecular weight, C =concentration, D =diffusion coefficient. 

Although this is an ideal equation which makes the assumption that the molecules 

are spherical, it does provide a reasonable estimate of the molecular size on diffusion. It 

also implies that the molecular weight plays a significant role in influencing diffusion (D). 

Similarly, minor changes in chemical functionality, solubility characteristics, melting 

properties can lead to dramatic alterations in permeation behaviors. 

Partition coefficient: 

There are two key partitioning processes, between the delivery system and the 

stratum corneum and between the lipophilic stratum corneum and the much more aqueous 

in nature viable epidermis. Hence, the partitioning criteria of the drug are of paramount 

importance. The molecule must favor the stratum corneum over the device and then the 

relative affinity of the drug from the device to corneum and viable tissue must be 

reasonably high to ensure adequate input of material in to the systemic circulation. Thus 

extreme partitioning characteristics are not conducive to successful drug delivery via the 

skin. The majority of topically partitioning drugs are covalent compounds in nature. 

Regardless of the type of vehicle used, at some point during the process of transdermal 

penetration the drug molecules have to dissolve and diffuse within the endogenous 

hydrated tissue ofthe stratum corneum. 

Drug possessing both water and lipid solubility are favorably absorbed through the 

skin. A lipid /water partition coefficient of one or greater is generally required for optimal 

transdermal permeability. The partition coefficient of drug molecule may be altered by 

chemical modification of its functional groups 10
• This has to be done without affecting the 

pharmacological activity ofthe drug. The partition coefficient of a drug molecule may also 

be altered by varying the vehicle. 
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pH condition: 

The pH condition of the skin surface in the drug delivery systems affects the extent 

of dissociation of inorganic drug molecules and their transdermal permeability. 

Application of solutions whose pH values are very high or low can be destructive to the 

skin. With moderate pH values, the flux of ionizable drugs can be affected by changes in 

pH that alter the ratio of charge or uncharged species and their transdermal permeability. 

In the studies on ephedrine and scopolamine, it has been demonstrated that the maximum 

transdermal flux of the drug increases with increasing pH up to approximately 1-2 pH 

units higher than pka values, at which point the drug molecule exist totally as the non

protonated form, further increases in pH have no additional effect on drug permeability. 

The pH dependence of the transdermal permeability was related to the effect of the 

solution pH on the concentration of lipophilic, non- ionized species of the drug. 

Concentration of penetrant molecules: 

As transdermal permeability across the skin takes place mostly by pass1ve 

diffusion, concentration of penetrant molecule is important. Generally the amount of drug 

transport across the skin (per unit of skin surface area per unit time interval) is 

proportional to the delivery device. It was seen that the flux of solute is proportional to the 

concentration gradient across the entire barrier phase. One requirement for maximal flux 

in a thermodynamically stable situation is that the donor solution should be saturated. A 

formulation can optimize the solubility of a drug such as corticosteroid by controlling the 

solvent composition of the vehicle. At concentrations higher than solubility, excess solid 

drug functions as a reservoir and helps to maintain a constant drug concentration for a 

prolonged period of time. 

Physicochemical properties of drug delivery systems: 

Generally the vehicle of drug delivery system does not increase the rate of 

penetration of a drug into the skin but serves as carriers for the drug 11
. 

Release characteristics: 

Solubility ofthe drug in the vehicle determines the release rate. The mechanisms of 

drug release depend on the following factors. 

1. Whether the drug molecules are dissolved or suspended in the delivery system. 

2. The interfacial partition coefficient of the drug from the system to the skin tissue. 
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3. pH ofthe vehicle. 

The pH of the vehicle can influence the rate of release ofthe drug from the delivery 

system since the thermodynamic activity of acidic and basic drug is affected by the pH. 

Thus for acidic drugs, the activity changes rapidly when the pH is greater than the pka of 

the drug species. Similarly the activity for the basic drugs is influenced when pH of the 

vehicle is lower than the pkw - pkb value of the drug. 

Composition of drug delivery system: 

The composition of the drug delivery system not only affects the rate of drug 

release, but also the permeability of stratum corneum by means of hydration, mixing with 

skin lipid, or other sorption promoting effect. Presence of any skin hydrating agent like 

PEGs alters the skin conditions and render improved permeation of the content of delivery 

system The extensive iiterature studies on the effect of the vet>..icle and the effect of 

variation in vehicle composition on the transdermal permeability of topical anti

inflammatory drugs such as corticosteroids, indicates that the transdermal permeability of 

such drugs increase exponentially as the volume fraction of propylene glycol in the vehicle 

increases. 

Enhancement of transdermal permeation: 

Majority of drug will not penetrate the skin at sufficiently higher rates for 

therapeutic efficacy with the exception of scopolamine and nitroglycerine, which penetrate 

at optimum levels. In order to allow clinically useful transdermal permeation of most 

drugs, the penetration can be improved by the addition of a permeation promoter into the 

drug delivery systems. The low permeability of the skin relative to other biological tissues 

is well known and it is perhaps the fact that the skin serve as a minor part of entry for 

drugs. As compared to the oral or gastric mucosa the stratum corneum is compacted and 

highly keratinized. The lipids and proteins of stratum corneum provide a complex 

structure that is quite impermeable. An enhancer is compound which alters the skin as a 

barrier to the flux of a desired permeant. 

The ideal penetration enhancers are 

1. Surfactants as penetration enhancer. 

2. Solvent as penetration enhancer. 

3. Binary systems as penetration enhancer and 
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4. Azone as penetration enhancer. 

Physiological and pathological conditions of the skin: 

It is axiomatic that skin disorders will affect the nature of the skin barrier and 

hence will influence transdermal drug delivery. However, there are few physiological 

factors that can influence a lot the rate of drug delivery through the healthy skin. 

Reservoir effect of the horny layer: 

The horny layer especially is deep layers can sometimes act as depot and modify 

the transdermal permeation characteristics of some drugs. The reservoir effect is due to the 

irreversible binding of a part of the applied drug with the skin. This binding can be 

reduced by the pretreatment ofthe skin surface with anionic surfactant. 

Lipidfilm: 

The lipid film on the skin surface acts as a protective layer to prevent the removal 

of moisture from the skin and helps in maintaining the barrier function of stratum 

corneum. De fating of this film was found to decrease transdermal absorption. 

Hydration of stratum corneum: 

Hydration of stratum corneum can enhance transdermal permeability, although the 

degree of penetration enhancement varies from drug to drug. Skin hydration can be 

achieved simply by covering or occluding the skin with plastic sheet, leading to the 

accumulation of sweat and condensed water vapors. Increased hydration appears to open 

up the dense, closely packed cells of the skin and increase its porosity, occlusion also 

reduces the irreversible binding capacity of stratum corneum. 

Temperature: 

Temperature is expected to enhance the transdermal delivery of various drugs by 

increasing skin permeability, body fluid circulation, blood vessel wall permeability, rate 

limiting membrane permeability, and drug solubility. Diffusion through the skin, as 

elsewhere, is a temperature dependent process, so raising the skin temperature should add 

thermodynamic drive 12
. Increased skin permeability of lipophilic drugs results from 

temperature-induced alteration of the lipid structure, which involves the disordered 
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arrangement of the lipid bilayer stmcture and its t1uidization_ The relationship between 

blood flow and the transdermal absorption of nitroglycerin has been demonstrated in a 

study in which nitroglycerin patches applied to an area of the upper arm were heated 

locally by infrared light for 15 minutes 13
• 

Humidity: 

It is well established that the horny layer of skin becomes dry and relatively 

inelastic at very low relative humidity. When the ambient humidity is very high, the 

stratum corneum becomes soft and supple. Protracted exposure to dry air during the cold 

winter months can produce a "dry skin condition", in which the skin surface is scaly and 

pruritus. At its worst, dry skin is crisscrossed with deep fissures. Skin in this fissured state 

is visibly damaged and inflamed and is evidently highly permeable to applied chemicals. 

Water is the principal plasticizer of the stratum corneum and drying of horny tissue 

stiffens its keratin by removing moisture from between the strands, thereby increasing 

strand-to-strand interaction. This stiffening should cause a decrease in the permeability of 

any substance which preferentially courses through the intracellular keratin regime. 

Humidity has been directly related to the skin permeability by way of its effects on 

insensible perspiration. 

Age: 

The most widely investigated physiological factor affecting transdermal drug 

permeability is that of skin ageing. There are clear structural and functional alterations that 

occur to the membrane as it ages. There is substantial clinical evidence that the skin of 

premature infants is extremely permeable. The moisture content of human skin decreases 

with age; since transdermal delivery is influenced by tissue hydration, this factor could 

alter drug permeation 14
• Beyond the skin membrane, there are same age-related alterations 

that theoretically can affect the amounts of a topically applied drug entering the systemic 

circulation. Blood flow (dermal clearance of molecules traversing the tissue) tends to 

decrease with age and this could reduce transdermal drug flux in vivo. 

Gender: 

Though there are stricking differences in the general appearance of skin and the 

distribution and prominence of hair between post adolescent males and females, for 
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example, keratinocytes tend to be slightly larger in females (37 to 46 mm) than in males 

(34 to 44 nun), but there are no reports of significant differences in drug permeation 

between equivalent sites in the two sexes. The unique quality of skin is that it determines 

its membrane function more than any other factor as the layers of skin essentially provide 

protection from water loss, which does not differ between the sexes. 

Body site: 

It is apparent that skin structure varies to some degree over the human body; the 

stratum corneum is thicker on the palms of the hands and soles of the feet (i.e., the load

bearing area ofthe body) than on the lips or eyelids. However, the relative permeability of 

different skin sites is not simply a function of stratum corneum thicknesses as different 

permeants exhibit varied ranks orders through different skin sites with similar thicknesses 

of stratum corneum, and the some areas with different stratum corneum thicknesses 

provide similar levels of drug absorption. Variation in drug absorption can be seen for site 

with similar thickness of stratum corneum, and that some areas with different stratum 

corneum thicknesses provide similar levels of drug abruption 15
• Though site-to-site 

variation in permeability is complex there are some general trends shown in numerous 

literature reports on the subjects. It is apparent that genital tissue usually provides most 

permeable site for transdermal drug delivery. The skin of the head and neck is also 

relatively permeable compared to other sites of the body such as the arms and legs. 

Intermediate permeabilities for most drug are found on the trunk of the body. Thus, a 

generalized rank order of site permebilities is: Genital> head and neck> trunk> arm> 

leg. Thus there is a clear scientific rationale for selecting the application site based on 

permeability: 

General health of subject: 

Many general diseases have their skin manifestation where the changes in the skin, 

amount of discoloration or altered pigmentation with no physical break-up of exterior 

structures of the skin, it is possible of that the permeability condition of the skin is little 

altered. Persons in severe state of malnourishment or even suffering from starvation seen 

to have skin which meets the minimal barrier function for conservation of body water and 

heat. 
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Pathological disorders: 

Numerous disorders result in an eruption of the skin surface. In such cases the 

barrier properties of the stratum corneum are compromised, allowing easier passage of 

drugs (and potentially toxic materials) into and through the skin. Likewise, the erupted 

skin surface will allow increased water loss from the body. Psoriasis is one of the most 

common skin diseases, though it manifests in various cases. It is a chronic recurring non

infection scaling skin condition characterized by erythematous plaques covered with 

silvery scales. Erythema as a result of ultraviolet radiation increases absorption, as do mild 

thermal burns, but burns severe enough to resulting protein denaturation and cellular 

destruction decreases absorption owing to the formulation of an anatomical barrier. Even 

mild sun burn and inflamed skin exhibits increased permeability to organic substances. 

Eczema, from the Greek "to boil over", is a further non- infection eruptive condition, in 

which blistering occurs. The term eczema has no clear universally accepted defmition, and 
"' 

is often included within dermatitis is chronic inflammation ofthe epidermis usually with a 

strong genetic predisposition from parents who may have, for example, asthma or allergic 

rhinitis. Atopic dermatitis may affect 15 % of the infants, with the onset usually occurring 

before the child's first birth day. Various studies have clearly demonstrated that the 

stratum corneum barrier is highly compromised for patients with atopic dermatitis, with 

transepidermal water loss from the body increasing up to 10 fold. Intact skin is a highly 

effective barrier against ingress of microorganisms. However, the tissue also carries 

microbial flora, including bacteria and yeasts if branched, then infection can result. The 

damage caused to the skin barrier integrity will vary with severity of the infection. In cases 

such as necrotizing facilities, it is obvious that the barrier is seriously impaired. With the 

presence of a hand wart, only a very small fraction of the skin surface is involved, and the 

effect ofhyperkeratinisation on drug flux through the wart site is probably marginal. What 

is apparent, however, is that in all cases of infection outlined above, the effect on barrier 

integrity will always diminish its effectiveness. This may be advantageous where topical 

therapy for the infection is decreased, but barrier of dynamic and will be restored as the 

condition improves; hence, drug flux across the repairing tissue will be expected to slow. 

Cutaneous drug metabolism: 

The skin metabolizes steroids, hormones, chemical carcinogens and some drugs. 

The viable epidermis which contains most of the catabolic enzymes that might render a 
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drug inactive by metabolism is metabolically more active than dermis. It was reported that 

more than 95 % of the testosterone absorbed was metabolized as penetrated through the 

skin. 

Factors associated with skin conditioning: 

When waters saturates the skin the tissue swells, softens and wrinkles and its 

permeability increases markedly. Little is known concerning the effect of bathing or other 

cosmetic practices on the barrier state of the skin. It is known that soap and water 

scrubbing removes surface grime and the natural sebaceous residues which are leaked out 

into the skin. Excess exposure to harsh detergent solutions or excessive bathing leave the 

skin drug and pruitic and in extreme situation highly irritated. Soaps and detergents also 

denature the proteins ofthe horny layer. Skin in this state is presumably more permeable 

than normal skin. The use of bath oil and of lotions ::Jnd the creams quickly restore the 

general function for its pliability and to help hold water in the stratum corneum. 

Drug metabolism by skin organisms: 

In normal skins, microorganisms lie either on the surface or just under the 

outermost loose layer of stratum corneum, often as micro colonies. These organisms tend 

to aggregate around hair follicles and sebaceous glands, and many extend deep into the 

follicular canals, serving as a reservoir from which to replenish the surface flora. With 

such potentially high numbers of organisms, it is also conceivable that some topically 

applied drugs may be metabolized prior to penetrating the tissue. The microorganism like 

staphylococci can hydrolyze a wide range of natural and synthetic lipid and other ester 

substances demonstrating an apparently widespread activity against simple water soluble 

esters while showing a more variable effect upon long chain triglycerides. 

Skin microorganisms can be shown to carry out biotransformation of therapeutic 

agents under suitable condition in vitro. The ability to undertake similar chemically 

significant drug modifications in vitro however will be a function of the metabolic 

capacity of the prevalent strains drug microbe contact time and microbial population 

density. Given a suitable flora and prolong contact, the limiting factor will inevitably be 

the burden of the microorganism present, under these circumstances any condition which 
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IS likely to reduce the level of the organisms, initial skin cleansing, tormulation 

preservative, intrinsic antimicrobial activity will minimize the degradation risk 16
. 

Iontophoresis: 

Numerous literature reports have revealed successfully enhanced delivery of 

variety of drugs across biological membranes by means of the technique of iontophoresis. 

Iontophoresis is a process in which the transport of ions into or through the skin is 

increased by the application of an external electric field across the human skin. The 

constant current density used is 0.5 mA/cm2 at maximum (no unbearable pain or 

prolonged skin irritation) 17
. Iontophoresis uses the potencial difference between two 

electrodes to transport solutes. The use of iontophoretic current has been shown to 

enhance significantly the rate of drug delivery from transdermal device over the 

corresponding passive transport. 

Iontophoresis enhances transdermal drug delivery by three mechanisms: 

• The electro repulsion (Migration), which enhances the flux of charged molecules18
. 

• The electrometric solvent flow, which enhances the flux of both charged and 

neutral molecules 19
, and 

• The increased permeability of skin by the flow of electric current. The applied 

potential differences across the skin can lead to alterations in the tissue 

permeability, which nonetheless has no great significance. 

Potential difference across the skin between two opposite sign electrodes cause 

electrorepulsion of ions through the skin. Electrorepulsion has taken place due to the 

repulsion between the electrode and the drug of the same sign. It is the most important 

mechanism in the iontophoresis of small drug molecules. The significance of 

electrorepulsion and electroosmosis depends on the physicochemical and electrical 

properties of the membrane and of the permeant 20
'
21

• Electro osmotic flow is bulk fluid 

flow, which occurs when an electrical field is applied across a charged membrane. Electro 

osmotic flow takes place always in the same direction as the flow of counter ions (from 

anode to cathode in the skin) and may either hinder or assist drug transport. The role of 

electroosmotic flow in the transdermal iontophoretic permeation has been studied 

extensively. The amount of electro osmotic flow has been predicted by theoretical models. 

It has been demonstrated that the electro osmotic flow can modulate by the properties of 
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the permeate. It is generally accepted that the contribution of electro osmotic flux becomes 

greater, as compared to electrorepulsion, as the molecular size of an ion increases. 

Lipophilic, cationic drugs, e.g. LHRH-peptides and J}-blocking agents can evoke a 

dramatic effect on permeability properties of human skin and on the extent and direction 

of electroosmotic flow 22
• These lipophilic cations are able to become strongly associated 

with the net negative charge on the membrane when iontophoresed at neutral pH 7.4 and 

essentially, to stop completely the electroosmotic flow by neutralization the charge ofthe 

skin membrane. Iontophoresis may provide a safe, economical and convenient way to 

administer charged or uncharged drug transdemally in a controlled manner. The potent 

advantage is that, since the rate of delivery is controllable, the patient could titrate himself 

to a point where pain relief was achieved and maintained without eliciting major systemic 

side effects. 

Prodrug 23
: 

For drugs which cannot be administered transdermally at a rate high enough to 

achieve a therapeutic blood level it is required to involve methods to reduce the skin 

barrier properties. Prodrugs can be used to enhance the permeation of drug. The prodrugs 

are pharmacologically inactive drug molecules which require chemical or enzymatic 

transformation to release the active parent molecule prior to exhibiting their 

pharmacological activities. The prodrug concept can be applied in transdermal controlled 

drug delivery by altering skin permeability via modification of physicochemical properties 

of the drug molecule to enhance its rate of transdermal permeation. Prodrugs of a poorly 

skin permeable drug may be synthesized to improve percutaneous absorption 

characteristics. During the course of transdermal permeation, the prodrugs can be 

transformed, by the drug. In other words, if an active drug has a rather low affmity 

towards the skin, it will not easily partition into it to any great extent. The partition 

behavior of such a drug can be improved by simple chemical modification to form a 

lipophilic prodrug. Upon absorption and penetration through the skin, the prodrug is 

rapidly metabolized to regenerate the active parent drug. However, high prodrug 

concentration in the skin may lead to enzyme saturation, which hinders the conversion of a 

prodrug into an active drug molecule. 
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functions as a viscid watery regime to most penetrants. It appears that only ions and polar 

nonelectrolytes found at the hydrophilic extreme and lipophilic nonelectrolytes at the 

hydrophobic extreme have any real difficulty in passing through the viable field. The 

epidermal cell membranes are tightly joined and there is little to an intracellular space for 

ions and polar nonelectrolyte molecules to diffusionally squeeze through. Thus, 

permeation requires frequent crossings of cell membranes, each crossing being a 

thermodynamically prohibitive event for such water-soluble species. Extremely lipophilic 

molecules, on the other hand, are thermodynamically constrained from dissolving in the 

watery regime ofthe cell (the cytoplasm). Thus the viable tissue is rate determining when 

nonpolar compounds are involved. 

Passage through the dermal region represents a final hurdle to systemic entry. This 

is so regardless of whether penneation is tra.t1sepidermal or by shunt route. Permeation 

through the dermis is through the interlocking channels of the ground substance. Diffusion 

through the dermis is facile and without molecular selectivity since gaps between the 

collagen fibers are far too wide to filter large molecules. Since the viable epidermis and 

dermis lack major physiochemical distinction, they are generally considered as a single 

field of diffusion, except when penetrants of extreme polarity are involved, as the 

epidermis offers measurable resistance to such species. 

1.3.3.4 Transfolicular (shunt pathway) absorption: 

The skins appendages offer only secondary avenues for permeation, sebaceous and 

eccrine glands are the only appendages which are seriously considered as shunts bypassing 

the stratum corneum since these are distributed over the entire body. Though eccrine 

glands are numerous, their orifices are tiny and add up to a minicule fraction of the body 

surface. More-over, they are either evacuated or so profusely active that molecule cannot 

diffuse inwardly against the glands output. For these reasons, they are not considered as a 

serious route for percutaneous absorption since the opening of the follicular pore, where 

the hair shaft exist the skin, is relatively large and sebum aids in diffusion through the 

sebum to the depths of the epidermis, is the envisioned mechanism of permeation by the 

route. Vasculature sub serving the hair follicle located in the dermis is the likely point of 

systemic entry. 
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1: Introduction 

1.3.3.5 Drug metabolism in skin: 

Skin is capable of metabolizing endogenous and exogenous substances. The 

biotransformation reactions in skin comprise of conjugation, oxidation, reduction and 

hydrolysis. Many lipophilic drugs are eliminated by biotransformation in the skin. For 

example cortisol and norepinephrine are biotransformed by oxidation reaction in the skin. 

Progesterone and esterone are reduced in the skin. When the skin is capable of inactivating 

the drugs metabolically, the local bioavailability depends on the release rate of drug, other 

skin conditions and also concentration of the drug in the system and on the enzyme 

activity ofthe skin. 

1.3.3.6 Clearance by local circulation: 

The earliest possible point of entry of drugs and chemicals into the systemic 

circulation is within the papillary plexus in the upper dermis. The process of percutaneous 

absorption is generally regarded as ending at this point. However, some molecules by-pass 

the circulation and diffuse deeper into the dermis. 

1.3.4 Kinetics of transdermal permeation 25
: 

The mechanism of drug release depends upon whether the drug is dissolved or 

suspended in the delivery system and on the partition of the drug from the delivery system 

to the skin. The pH ofthe vehicle can also affect the release ofthe drug. For acidic drug, 

activity changes rapidly when pH is greater than pks of the drug. The activity of the basic 

drug is affected when the pH of the vehicle is lower than the pkw - pkb value of the drug. 

Composition of the drug delivery system may affect the rate of drug release, permeation 

through stratum corneum by means of hydration, mixing with skin lipid or sorption 

promotion effects. 

A drug administered transdermally partitions on the surface of the skin, with some 

penetrating the skin and fmally being transported away by the circulation system. Once in 

the blood, the drug molecules are distributed throughout the body or eliminated following 

the body pharmacokinetics. Since the skin generally serves as a major barrier membrane 

either physically or enzymatically against the entry of foreign materials including drugs, 

the drug concentration in the body or plasma following transdermal delivery responds 

slowly compared to that following oral or intravenous administration. 
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Knowledge of skin permeation kinetics is vital to the successful development of 

transdermal therapeutic systems. Transdermal permeation of a drug involves the following 

steps. 

• Sorption by stratum corneum. 

• Penetration of drug through viable epidermis. 

• Uptake of the drug by the capillary network in the dermal papillary layer. 

The rate of permeation across the skin ( dq/dt) is given by------

dq/dt = Ps (Cd- Cr) ................. (1) 

Where, Cd and Cr are, the concentration of skin penetrant in the donor compartment 

(surface of stratum corneum) and in the receptor compartment (e.g. body) respectively, Ps 

is the overall permeability coefficient of the skin tissues to the penetrant. This 

permeability coefficient is given by the relationship. 

P, = Ks. Dssl hs .......................... (2) 

Where, Ks is the partition coefficient for the interfacial partitioning of the penetrant 

molecules from the a solution medium or a transdermal therapeutic system on to the 

stratum corneum, Dss is the apparent diffusivity for the steady state diffusion of the 

penetrant molecules through a thickness of skin tissue and hs is the overall thickness of 

skin tissues. The permeability coefficient (P s) for a skin penetrant can be considered to be 

constant since Ks, Dss and hs are essentially constant under a fixed condition. 

From equation (1) it is clear that a constant rate of drug permeation can be obtained only 

when Cd >> Cr i.e., the drug concentration at the surface of the stratum corneum (Cd) is 

consistently and substantially greater than the drug concentration in the body (Cr)- The 

equation ( 1) becomes: 

dq/dt = Ps Cd .................... (3) 
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and the rate of skin permeation (dq/dt) is constant through out the course of skin 

permeation. For keeping Cd constant, the drug should be related from the device at a rate 

(Rr) that is either constant or greater than the rate of skin uptake (Ra) i.e, Rr> > Ra. 

Since Rr is greater than Ra, the drug concentration of the skin surface (Cd) is maintained at 

a level equal to or greater than the equilibrium (or saturation) solubility of the drug in the 

stratum corneum (Cs) i.e., Cd >> Cs. 

Therefore, a maximum rate of skin permeation [(dq/dt)] is obtained and is given the 

equation: 

(dq/dt)m = Ps. Cs ................ (4) 

From the above equation, it can be seen that the maximum rate of skin permeation 

(dq/dt)m depends on the skin permeability coefficient (Ps) and its equilibrium solubility in 

the stratum corneum (Cs). Thus skin permeation appears to be stratum corneum-limited. 

1.3.5 Advantages of transdermal drug delivery system 26
: 

The principal advantages of the transdermal patches include avoidance of 

biochemical degradation of the drug molecule in the gastrointestinal tract, variable 

gastrointestinal absorption and metabolism in liver, and reduced frequency of drug dosage 

for short acting drugs. The drug needs to be applied only once in 2 to 3 days or even a 

week as transdermal patch. 

The positive features associated with transdermal therapeutic system, where drugs 

are being delivered across the skin to achieve systemic effect are summarized as follows:

Transdermal medication does 

a.) By-pass hepatic "first pass" and gastro-intestinal incompatibility. 

Thus the degradation of drugs in the gastro-intestinal region is prevented 

and eventually the side effects like gastric irritation and many others due to 

reaction with the gastric fluid and gastric wall can be avoided. 
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b.) Reduce side effects due to the optimization of the blood concentration time 

profile. 

As mentioned earlier the side effects are minimized along with the 

controlled distribution pattern. Plasma concentration reaches a steady state level 

and thereby fluctuation monitored side effects also can be omitted. 

c.) Provide predictable activity over extended period of time. 

The maintenance of the steady state concentration in plasma results in the 

effective use of drugs. The drug concentration within therapeutic index (T.I.) also 

provide minimum risk factor for a prolong period of time. 

d.) Greater patient compliance due to the elimination of multiple dosing 

schedules. 

The transdermal therapeutic system provide continuous drug release into 

the blood through stratum corneum and that is how steady state level achieved, 

thus the avoidance of taking twice a day or thrice a day schedule for the patients 

who are often likely to forget, can be avoided. 

e.) Enhance therapeutic efficacy. 

Maximum utilization of the drug substance can be achieved by transdermal 

therapeutic syste~ as drug concentration in plasma remain within minimum 

effective concentration (MEC) and maximum safety concentration (MSC) for a 

extended period of time. 

f.) Reduce frequency of administration of dosage forms. 

As most of the transdermal therapeutic system serves as a drug delivery 

system for more than 24 hours, hazards of taking drugs frequently can thus be 

avoided by replacing conventional dosage form with transdermal therapeutic 

system. 

g.) Minimize inter and intra patient variation. 

More or less the structure of skin is quite similar among human, so there is 

no such constrain in making or using transdermal therapeutic system of very 

particular in type. 

h.) Provide suitability for self-administration. 

Patient can administer the drug through transdermal patch by simply 

sticking the patch on to the skin without undergoing an expert's supervision. 

341 



1.3.6 Disadvantages of transdermal drug delivery system: 

Though transdermal drug delivery system has number of advantages and also they 

proved to be a revolutionized concept in the field of novel drug delivery syste~ they 

suffer from two distinct disadvantages. These are-

a) Difficulty in permeation through intact human skin. 

The structure of Skin renders itself as a semi-permeable membrane through 

which transportation of drug molecules are really tough and where the molecules 

are not matching with the specified pore size, it won't allow the drug to pass in. 

b) Skin irritation. 

Though skin irritation is very subjective, i.e. these symptoms or rather side 

effect varies in individual to individual. 

1.3. 7 Classification of transdermal delivery devices: 

Different devices are classified depending on the release behavior of the containing 

drug from the transdermal systems. Broadly these can be summarized as follows 27
: 

A) matrix type: a) adhesive matrix 

B) reservoir type: 

b) hydrophilic matrix 

c) polymeric matrix 

d) microporous matrix 

a) rate limiting membrane 

-single reservoir 

-multi reservoir 

b) without rate limiting membrane 

-hollow reservoir 

- rate limiting adhesive layer 

- microcapsules 

-solubility membrane 

C) microsealed drug delivery device: 

D) macromolecular type: a) ethylene vinyl acetate copolymers 

b) silicone elastomers 

E) poroplastic type: 

351 



1: Introduction 

1.3. 7.1 Matrix type devices: 

The drug in a matrix type system is uniformly dispersed throughout a hydrophilic 

or a lipophilic polymer matrix, which is then cured into a polymeric disk of predetermined 

thickness and surface area. The matrix is than glued to an aluminium foil which is sealed 

to drug impermeable backing through an absorbent pad. Most such system does not have 

an adhesive overlay but instead possess a peripheral adhesive ring. The matrix should have 

the following characteristic. 

• There should be zero chemical interactions of the matrix polymer with the drug. 

• The matrix should not impart excessive resistant to the diffusion of the entrapped 

drug. 

• The matrix should be stable and be able to hold the drug in stable conditions. 

• The matrix should be nonirritating to skin and also should adhere well to the skin 

to provide an approp:rl~te bridging between the skin and the drug. 

• Structural integrity should be maintained at higher temperature and humidity. 

Commonly employed agents for matrix formulation are polyvinyl pyrrolidone, 

ethylene vinyl acetate (EVA) copolymers, polyesters, microporous polypropylenes and 

polysaccharides. 

Micro porous matrix type devices: 

The patented micro porous rate controlling device consists of a backing material 

and a drug containing micro porous matrix, which rests on a pressure sensitive adhesive 

layer. The drug passes through the rate controlling micro porous material. 

Hydrophilic matrix devices: 

The devices consist of a semisolid state polymeric matrix acting as a reservoir as 

well as hydrophilic bridge to the skin, which facilitates drug permeation into and through 

the skin by wetting the skin. 

1.3.7.2 Reservoir type devices: 

Reservoir type devices with rate limiting membrane: 

In the reservoir type devices the drug is stored in a reservoir from which it diffuses 

through a rate limiting membrane to the site of absorption. One of the advantages of the 
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system is the near constant release rate of drug tl:om the device. However, rupturing of the 

rate limiting membrane may also result in a quicker than desired release of drug from the 

device e.g. 

Transderm-Scop (Ciba Pharmaceuticals) 

Transderm Nitro (Ciba Pharmaceutical) 

Catapress- TTS (Boehringer- Ingelheim) 

Estraderm (Ciba Pharmaceuticals). 

All the four devices have basic similarities in their design. They all contain backing 

membrane, reservoir of drug, rate limiting membrane, adhesive, and a peel of release liner. 

Multireservoir rate limiting devices: 

A characteristic feature of this system 1s that an enhancer is stored in the 

compartment separated from the drug reservoir. The system has a conventional 

impermeable backing of materials followed by a reservoir of a vehicle or an enhancer, a 

rate limiting membrane and a drug reservoir in the adhesive. In one structural modification 

of the system, the drug reservoir is accommodated between the rate limiting membrane 

and the adhesive layer as a separate compartment. 

Another modification of such systems is where both the drug and enhancer are 

dispersed in an adhesive polymer or a polymeric matrix followed by an adhesive overlay. 

Here the vehicle or enhancer is micro capsulated inside a diffusion controlling membrane 

and these microcapsules together with the drug are dispersed in an adhesive polymer 

matrix, which adheres well to the skin. 

Devices with rate limiting adhesive layer: 

The adhesive diffusion control reservoir type systems differ in the dispersion of 

drug in the adhesive polymer, which is spread as a thin layer on the impermeable backing. 

Layers of the rate limiting adhesive polymers without any drug are then spread on top of 

the reservoir layer. The concept has been utilized in development of transdermal 

nitroglycerine delivery system. 
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Micro encapsulated drug reservoir type devices: 

When the drug is dispersed as microcapsules throughout the contact adhesive, the 

rate controlling step in the delivery is the diffusion of the drug through the walls of the 

microcapsules. 

Reservoir devices with solubility membrane: 

This type of system has drug dispersed in a polymer matrix as reservoir, which is 

sandwitched between an impermeable backing and a solubility membrane. 

Transdermal devices with hollow reservoir: 

The reservoir is in the form of a hollow cylinder having an impermeable backing 

and a rate limiting membrane that controls the release of drug into the adhesive layer. 

1.3. 7.3 Micro sealed delivery devices: 

The micro sealed transdermal device is the result of the hybridization of the 

reservoir and matrix type of system and is represented by Nitrodisc. In this system an 

aqueous suspension of drug is prepared in water soluble polymer. The suspension is then 

dispersed into a lipid soluble polymer with high speed shear force to form microscopic 

spherical reservoir with the drug entrapped. Immediately the system is cross linked by the 

addition of polymeric cross linking agents and a matrix is formed. This matrix is than 

attached to an aluminium foil plate at the back. The aluminium foil plate is than attached 

to adhesive polyurethane foam paid which forms the backing. This system has a peripheral 

adhesive ring. 

1.3. 7.4 Transdermal delivery of macromolecules: 

Typical requirements for transdermal delivery of drugs include low molecular 

weight (500-10000), low melting characters (150-200°F) aqueous solutions neither too 

acidic nor basic (between 5 and 9 pH units) and preferably with unit oil/water partition 

coefficients. Typical macromolecules do not possess these characters and hence are not 

ideal candidates for transdermal delivery. Advances have been made recently in the 

fabrication of systems for the rate-controlled delivery of macromolecules (for hormones, 

enzymes, interferon, bioactive peptides etc.). Both the EVA and silicone elastomers 

devices involve one common concept i.e. because of the large molecular size of drug the 
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matrix must have channels to facilitate the release of macromolecules. These devices are 

used as implants. 

Based on the mechanism by which the drug is released, the device can be classified 

into two categories such as monolithic or matrix system and reservoir or membrane 

system. The selection of any of these two systems for transdermal drug delivery depends 

on the major factor i.e. controlling the rate of drug transport and its delivery to the 

systemic circulation. The total resistance to drug transport from the device across the skin 

can be con.<;idered to be the sum of the diffusional resistances through the device (R1) and 

that through the stratum corneum (R2). It may be assumed that the epidermal resistance is 

negligible compared with that of the stratum corneum. In general, analogous to the current 

flow in an electrical circuit having resistances connected in series, the overall rate of drug 

transport will be inversely proportiona] to the sum of the two resistances (Rt + R2). If R2 

>> R~, the overall rate of drug transport will be governed by the rate of drug permeation 

through the stratum corneum and ifR1 >> R2, the device will control the overall rate. 

When the desired rate of drug transport is considerably less than that through the 

stratum corneum, a reservoir type device control drug delivery is required to attain 

therapeutic steady-state concentrations of drug in the blood plasma and prevent 

overdosing. On the other hand, ifthe drug permeation tr...rough stratum corneum is the rate

controlling step, a monolithic or matrix type of delivery system may suffice. 

1.3.8 Approaches made for the development of transdermal drug delivery system: 

All such transdermal dosage forms have a basic structure comprising of many 

layers, each having a specific function. Farthest from the skin, when the system is in place, 

is a backing layer, preventing wetting of the system during use. The second layer is a 

reservoir that supplies a continuous quantum of drug for the predetermined functional 

lifetime of the system. Next to the reservoir is the rate control polymeric membrane that 

regulates the rate of drug during a predetermined time interval. 

Four different approaches have been made by modifYing the matrix and reservoir type 

system to obtain effective transdermal drug delivery systems 28. 
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I: Introduction 

1.3.8.1 J\'Iembrane permeation- controlled systems: 

In this type of system, the drug reservoir is totally encapsulated in a shallow 

compartment molded from a drug-impermeable metallic plastic laminate and a rate 

controlling polymeric membrane which may be micro porous or non porous e.g. ethylene 

vinyl acetate (EVA) copolymer, which has a defmed drug permeability property. The drug 

molecules are permitted to release only through the rate-controlling membrane. In the drug 

reservoir compartment, the drug solids are either dispersed in a solid polymer matrix or 

suspended in an unreachable, viscous liquid medium such as silicone fluid to form a past 

like suspension. A thin layer of drug compatible, hypoallergenic adhesive polymer e.g. 

silicone or polyacrylate adhesive may be applied to the external surface of the rate 

controlling membrane to achieve an intimate contact of the transdermal system and the 

skin surface. 

The constant release rate of the drug is the major advantages of membrane 

permeation controlled transdermal system. However, a rare risk also exists when an 

accidental breakage of the rate controlling membrane can result in dose dumping or a 

rapid release of the entire drug content 

The intrinsic rate of drug release fro this type of drug delivery is defmed by 

CR 

dq/dt = --------------- ( 5) 

Where CR is the drug concentration in the reservoir compartment and Pa and Pm are the 

permeability coefficient of the adhesive layer and the rate controlling membrane, 

respectively. For a micro porous membrane, Pm is the sum of permeability coefficient for 

simultaneous penetration across the pores and the polymeric material. Pm and Pa, 

respectively, are defined as follows 

P m = :K..wr. Dm /hm ------------------ ( 6) 

P a = K a/m· Da f ha ----------------- (7) 
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Where K m r and K a m are the partition coefficient for the interfacial partitioning of drug 

from the reservoir to the membrane and from the membrane to the adhesive layer 

respectively; Dm and Da are the diffusion coefficient in the rate controlling membrane and 

adhesive layer respectively; and hm and ha are the thickness of the rate-controlling 

membrane and adhesive layer, respectively. In the case of micro porous membrane, the 

porosity and tortuosity ofthe membrane should be taken into the calculation ofthe Dm and 

hm values. 

Substituting equation (2) and (3) for Pm and Pain equation (1) gives 

dq/ dt = Km/r· Katm- Dm. Da f Kmlr· Dm. Ha +Ka!m· Da.hm· CR ----------------- (8) 

This defines the intrinsic rate of drug release from a membrane-modulated drug delivery 

system. 

.. . . 
• • • 

Drug impeNneable metlc 
_. .......... laminate 

Adhesi\•e layer 

Rate controlling 
polymeric membrane 

Figure 1.6: Membrane-modulated transdermal drug delivery system: 
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1.3.8.2 Adhesive dispersion-type systems: 

This is a simplified from of the membrane permeation-controlled system. As 

represented in figure 1. 7, the drug reservoir is formulated by directly dispersing the drug 

in an adhesive polymer e.g. poly (isobutylene) or poly (acrylate) adhesive and then 

spreading the medicated adhesive, by solvent casting or hot melt, on to a flat sheet of drug 

impermeable metallic plastic backing to form a thin drug reservoir layer. 

On top of the drug reservoir layer, thin layers of non-medicated, rate-controlling 

adhesive polymer of a specific permeability and constant thickness are applied to produce 

an adhesive diffusion-controlled delivery system. 

The rate of drug release from this drug reservoir gradient controlled system is expressed 

as: 

dq/dt = Ka!r· Da I ha (t). A (ha) ----------------- (9) 

Where, Ka!r is the partition coefficient for the interfacial partitioning of the drug from the 

reservoir layer to adhesive layer. 

In this equation the thickness of the adhesive layer for drug molecules to diffuse 

through increases with time ha (t). To compensate for this time-dependent increase in 

diffusional path due to the depletion of drug dose by release, the drug loading level is also 

increased with the thick..'less of diffusional path A (ha). A constant drug release profile is 

thus obtained. 

Figure 1.7: Adhesive-dispersion type transdermal drug delivery system: 
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1.3.8.3 Matrix diffusion-controlled systems: 

In this approach, the drug reservoir is prepared by homogeneously dispersing drug 

particles in a hydrophilic or lipophilic polymer matrix. The resultant medicated polymer is 

then moulded into a medicated disc with a defined surface area and controlled thickness. 

The dispersion of drug particles in the polymer matrix can be accomplished by either 

homogeneously mixing the fmely ground drug particles with a liquid polymer or a highly 

viscous base polymer followed by cross-linking ofthe polymer chains or homogenously 

blending drug solids with a rubbery polymer at an elevated temperature. The drug 

reservoir can also be formed by dissolving the drug and polymer in a common solvent 

followed by solvent evaporation in a mold at an elevated temperature and/or under 

vacuum. This drug reservoir containing polymer disc is then pasted on to an occlusive 

base plate in a compartment fabricated from a drug impermeable plastic backing. The 

adhesive polymer is then spared along the circumference to form a strip of adhesive rim 

around the medicated disc. 

The rate of drug release from this type of system is defmed as: 

dq/dt = [ ACp.Dp/2t ] 112 
----------------- (1 0) 

Where, A is the initial drug loading dose dispersed in the polymer matrix and Cp and Dp 

are the solubility and diffusivity of the drug in the polymer respectively. Since, only the 

drug species dissolved in the polymer can release, Cp is essentially equal to CR where CR 

is the drug concentration in the reservoir component. 

lfBMABI.E BAD 

ABJElA'{fR 

Figure 1.8: Cross sectional view of matrix diffusion controlled tran.sderm;tl drQg 

delivery system showing major stmctural components: 

431 



The q versus t 112 drug release profile is obtained at steady state and is defmed by 

q/t112 = [ (2A - Cp) Cp Dp] 112 
----------------- (11) 

The advantage of the matrix dispersion type transdermal system is the absence of dose 

dumping since the polymer cannot rupture. 

1.3.8.4 Micro reservoir type or micro sealed dissolution controlled system: 

This can be considered a combination of the reservoir and matrix diffusion type 

drug delivery system. Here the drug reservoir is formed by first suspending the drug solids 

in an aqueous solution of a water-soluble liquid polymer and then dispersing the drug 

suspension homogeneously in a lipophilic polymer viz. silicone elastomer by high-energy 

dispersion technique to form several discrete, unleachable IP.icroscopic spheres of drug 

reservoirs. The quick stabilization of this thermodynamically unstable dispersion is 

accomplished by immediately cross-linking the polymer chains in-situ that produces a 

medicated polymer disc with a constant surface area and a fixed thickness. Depending 

upon the physicochemical property of the drug and the desired rate of drug release, the 

device can be further coated with a layer of biocompatible polymer to modify the 

mechanism and rate of drug release. A transdermal therapeutic system is produced by 

positioning the medicated disc at the centre and surrounding it with an adhesive rim. 

The rate of release of drugs from the microreservoir system is defined by 

Where m = alb, a is the ratio of the drug concentration in the bulk of the elution medium 

over drug solubility in the same medium and b is the ratio of drug concentration at the 

outer edge of the polymer coating over the drug solubility in the same polymer 

composition; n is the ratio of drug concentration at the inner edge of the interfacial barrier 

over drug solubility in the polymer matrix; Dt,Dp and Dd are, respectively, the drug 

diffusivities in the liquid layer surrounding the drug particles, polymer coating membrane 

surrounding the polymer matrix and the hydrodynamic diffusion layer surrounding the 

polymer coating with respective thickness of h1, hp; and~' k1, km and kp are the partition 

coefficient for the interfacial partitioning of the drug from the liquid compartment to the 

polymer matrix, from the polymer matrix to the polymer coating membrane and from the 
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polymer coating membrane to the elution solution respectively; S1and Spare the solubility 

of the drug in the liquid compartment and in the polymer matrix respectively. The release 

of drug from this system can follow either a partition control or matrix diffusion-control 

process depending upon the relative magnitude ofS1 and Sp. 

ADHESIVE 

OCCLUSIVE BASE PLATE 
(aluminium foil disc) 

(acryic pol'fhlel· coating) 

ADHESIVE FOAM PAD 
{ftexible polvu•:.ethane) 

POLYMER MATRIX 
{silicon ela$tomers) 

Figure 1.9: Cross sectional view of micro-reservoir type or micro-sealed dissolution 

controlled system: 

1.3.8.5 Other type: 

Development of other types of potential drug delivery systems has been complicated and 

products have started reaching market. These systems are poroplastic membrane and a hydrophilic 

polymeric reservoir. The poroplastic membrane is an open cell ultramicroporous form of cellulose 

triacetate. It holds saturated drug solution (water or oil) by capillary action, it can also be 

described a "molecular sponge". However, the pores are perhaps a million times smaller than 

those of an ordinary sponge. The molecular weight cut off can be used to estimate a characteristic 

pore diameter. The pores have reasonable broad size distribution probably; with preponderance 

below the characteristic diameter of particular importance for transdermal drug delivery through 

poroplastic membrane is its diffusive permeability which can be varied over broad range. 

A new variation on existing polymeric transdermal delivery systems employs hydrophilic 

gel matrix membrane. The matrix is an "open cell molecular sponge", a plasticizer which contains 

a drug in a soluble and/or suspended state in a micro space suspended by the polymeric meshwork 
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of linkages. It contains one or a mixture of hydrogen bonding liquids such as water, glycerin, 

propylene glycol, polyethylene glycol etc. comprising from 40-70 % patch weight. Gelation 

agents such as karaya, algin, xanthan, guar, locust bean gum and/or synthetic hydrophilic 

polymers- polyacrylamide, polyvinyl sulphonates, polyvinyl alcohol, polyacrylic acid, polyvinyl 

pyrrolidone and other are also used. 
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Table 1.2: Transdermal delivery systems- recent progress in research and 

development 29
: 

Drug Indication Status Source** 

Megestrol acetate Breast and Clinical trial-Phase A 
endometrial IV 

carcinonna;vveight 
control 

Estradiol Prostate cancer Clinical trial-Phase A 
II 

Fentanyl (in matrix) Pain Clinical trial-Phase 
III 

Nicoderm Smoking 
Transdermal Idiopthic restless legs Clinical trial-Phase A 

rotigotine syndrome III 
Buprenorphine Overactive bladder Clinical trial-Phase A 

IV 
Morphine Pain Clinical trial-Phase A 

I I 
Meglumine Leishmaniasis Clinical trial-Phase A 
antimoniate III 

Transdermal 17-B- Alzheimer's disease Clinical trial-Phase A 
estradiol II 

Lisuride patch Parkinson's disease Clinical trial-Phase A 
II 

Granisetron Chemotherapy- Clinical trial-Phase A 
induced nausea and III 

vomiting 
Bupropion Schizophrenia; Clinical trial-Phase A 

smoking II 
Testosterone Ageing, frail, elderly Clinical trial-Phase A 

rehabilitation II 
Buprenorphine Osteoarthritis - B 
Human brain Patent c 

natriuretic 
Methotrexate Psoriasis, rheumatoid Patent c 

N -methulglucamine Skin disorder c 
Perospirone S Schizophrenia Patent c 

Phenserine Cognitive disorders Patent c 
Influenza vaccine Influenza Patent c 

Tulobuterol Asthma, chronic Patent c 
bronchitis 

** Till2006 

(A= www.ClinicaiTrials.gov; B = www.centerWatch.com; C =CAPLUS/Medline) 
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1: Introduction 

1.3.9 Materials required for the development oftransdermal patches 30
: 

• Polymer matrix or matrices. 

• The drug. 

• Permeation enhancers. 

• Other excipients. 

• Other materials 

Polymer matrix: 

The polymer controls the release of drug from the devices. The following criteria 

should be satisfied for a polymer to be used in a transdermal system. 

• Molecular weight, glass transition temperature and chemical functionality of the 

polymer should be such that the specific drug diffuses properly and gets released 

through it. 

• The polymer should be stable, non reactive with the drug, easily manufactured and 

fabricated in to the desired product; and inexpensive. 

• The polymer and its degradation product must be nontoxic or non antagonistic to 

the host. 

• The mechanical properties ofthe polymer should not deteriorate extensively when 

large amount of active agent are incorporated to it. 

Possible useful polymers for transdermal devices are 

• Natural polymers: 

Cellulose derivatives, gelatin, shellac, waxes, proteins, gums and their derivatives, 

natural rubber, starch etc. 

• Synthetic elastomers: 

Polybutadiene, hydrin, rubber, polysiloxane, silicone rubber, nitrile, acrylonitrile, 

butyl rubber, styrene, neoprene etc. 

• Synthetic polymers: 

Polyvinyl alcohol, polyvinyl chloride, polyethylene, polypropylene, polyacrylate, 

polyamide, polyurea, polyvinylpyrrolidone, polymethylmethacrylate etc. 
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Drug: 

Several categories of drugs have potential for therapeutic improvement of efficacy 

via transdermal routes e.g. antihypertensives, steroids, antianginals, antineoplastics and 

anti-inflammatory agents. 

For successfully development of a transdermal drug delivery system, the drug 

should possess some desirable properties. 

Physicochemical properties 

• The drug should have a molecular weight less than 1000 daltons. 

• The drug should have affinity for both lipophilic and hydrophilic phases. Extreme 

partitioning characteristic are not conductive to successful drug delivery via the 

skin. 

• The drug should have a low melting point. 

Biologic properties_ 

• The drug should be potent with a dose of the order of a few mg/day. 

• The half-life ofthe drug should be short. 

• The drug must not induce a cutaneous irritant or allergic response. 

• Drugs that degrade in G.L tract or inactivated by hepatic first-pass effect are 

suitable candidates for transdermal delivery. 

• Tolerance to the drug must not develop under the near zero-order release profile of 

transdermal delivery. 

• Drugs which have to be administered for along period of time or which causes 

adverse effects to non target tissue can also be formulated as transdermal delivery. 

Drugs possessing both water and lipid solubility are absorbed through the skin to a 

greater extent. A lipid/water partition coefficient of one or greater is required for optimal 

transdermal permeability ofthe drug. Partition coefficient of the drug can be altered by the 

chemical modification of the functional groups without affecting the pharmacological 

activity. The pH conditions of the skin surface and drug delivery system affect the extent 

of dissociation of ionogenic drug molecules and transdermal permeability. As transdermal 

permeability across skin takes place mostly by passive diffusion, concentration of 

penetrant molecule is important. 
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Permeation enhancers: 

These are compounds that promote skin permeability the skin as a barrier to the 

flux of a desired penetrant. 

The flux, J, ofthe drugs across the skin can be described as, 

J = D dc/dt ----------------- (13) 

Where, D is the diffusion coefficient and is a function of size, shape, and flexibility of the 

diffusion molecules as well as the membrane resistance, C is the concentration of the 

diffusing species. 

Permeation enhancer is hypothesized to affect one or more of skin layers to 

achieve skin penetration enhancement. A large number of compounds have been 

investigated for their ability to enhance stratu..rn comeu..rn permeability. 

They are classified as 

i) Solvents: 

Examples include water, methanol and ethanol; alkylmethylsulfoxide, 

dimethyl sulfoxide, pyrrolidones, propylene glycols, glycerols, isopropyl palmited. 

ii) Surfactants: 

Anionic surfactants: dioctyl sulphosuccinate, sodium lauryl sulphate, 

dodecylmethyl sulphoxide etc. 

Nonionic surfactants: pluronic F127, pluronic F68 etc. 

Bile salts: Sodium taurocholate, deoxycholate, sodium tauroglycocholate. 

iii) Miscellaneous chemicals: eucalyptol, di-o-methyl-j3-cyclodextrin, soyabean, 

casein etc. 

Presence of enhancers alters the thermodynamic activity of the drug which causes 

changes in partition tendency. Solvents like water, alcohols, propylene glycol, hydrophilic 

cosolvents, alkyl methyl sulfoxide, dimethyl acetamide and dimethyl formamide enhance 

the skin permeability of many drugs. 

Permeation pattern of the drugs through skin is altered due to many surfactants. 

The surfactants reduce the interfacial tension and increase membrane transport. Nonionic 

surfactants cause less irritation. They increase membrane fluidity, solubilize and extract 

membrane components. 
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Other excipients: 

Adhesives: 

The fastening of all transdermal devices to the skin has so far been done by using a 

pressure sensitive adhesive . The pressure sensitive adhesive can be positioned on the face 

of the device or in the back of the device and extending peripherally. It should not be 

irritant to skin, should be easily removed, and should not leave an unwashable residue on 

the skin. The adhesive should have physical and chemical compatibility, with drug, 

excipients and other constituent of the system. It should not effect the permeation of the 

drug. Some commonly used pressure sensitive adhesives include polyisobutylenes, 

acrylics and silicons. 

Backing membrane: 

Backing membranes are fiexibie and they provide a good bond to the drug 

reservoir, prevent drug from leaving the dosage from the top, and accept printing. It is 

impermeable substance that protects the produc.,i during use on the skin. 

Examples of such baking membranes are metallic or plastic laminate, plastic 

backing with absorbent pad and occlusive base plate (aluminium foil), with different 

alcohols such as polyvinyl alcohol. 

Plasticizers: 

Plasticizers also play important role in the formulation of transdermal patches. 

They are considered to be one ofthe essential components oftransdermal patches as they 

provide stiffuess of the formulation. 

Commonly used plasticizers are- dibutyl phthalate, propylene glycol, polyethylene 

glycol (PEG-400), eudraflex. 

Other materials: 

These include glass molds, aluminum foil or mercury in which the casting solution 

can be poured to give the transdermal system a desired shape. 
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1.3.10 Evaluation oftransdermal patches: 

There are numbers of evaluation parameters for ascertaining reproducible and 

effective transdermal patches in respect to there fabrication including drug incorporation 

and release pattern of the containing drug. The in vitro model for the study oftransdermal 

drug penetration should have a suitable receptor compartment and a membrane similar to 

human skin separating the receptor from the donor. The temperature, pH, agitation etc. 

should be adjusted to simulate the in vivo conditions. Franz diffusion cell is commonly 

used to resemble these criteria. The purpose of study is to predict the delivery of drug to 

the skin surface, passage of drug through the skin and delivery of the drug from the body 

to the blood circulation. The transdermal patches are also examined for their strength to 

withstand the shear stress, drug entrapment and distribution, stability etc. 

1.4 Hyper tension - an over view: 

Hyper tension is a common disorder, which, if not effectively treated, results in a 

greatly increased probability of coronary thrombosis, strokes and renal failure. Until about 

1950, there was no effective treatment, and the development of antihypertensive drugs, 

which greatly increase life expectancy, has been a major, but largely unsung, therapeutic 

success story 31
. 

1.4.1 What is high blood pressure? 

High blood pressure or hypertension means high pressure (tension) in the arteries. 

The arteries are the vessels that carry blood from the pumping heart to all of the tissues 

and organs of the body. High blood pressure does not mean excessive emotional tension, 

although emotional tension and stress can temporarily increase the blood pressure. Normal 

blood pressure is below 120/80 mmHg; blood pressure between 120/80 and 139/89 is 

called "pre-hypertension", and a blood pressure of 140/90 or above is considered high 

blood pressure. The systolic blood pressure, which is the top number, represents the 

pressure in the arteries as the heart contracts and pumps blood into the arteries. The 

diastolic pressure, which is the bottom number, represents the pressure in the arteries as 

the heart relaxes after the contraction. The diastolic pressure, therefore, reflects the 

minimum pressure to which the arteries are exposed. 
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An elevation of the systolic and/or diastolic blood pressure increases the risk of 

developing heart (cardiac) disease, kidney (renal) disease, hardening of the arteries 

(atherosclerosis or arteriosclerosis), eye damage, and stroke (brain damage). These 

complications of hypertension are often referred to as end-organ damage because damage 

to these organs is the end result of chronic (long duration) high blood pressure. 

Accordingly, the diagnosis of high blood pressure in an individual is important so that 

efforts can be made to normalize the blood pressure and, thereby, prevent the 

complications. Since hypertension affects approximately 1 in 4 adults in the United States, 

it is clearly a major public health problem. 

Whereas it was previously thought that diastolic blood pressure elevations were a 

more important risk factor than systolic elevations, it is now known that for individuals 

older than 50 years of age systolic hypertension represents a greater risk. 

There are a few recognizable and surgical treatable cause of hyper tension, such as 

phaeochroocytoma ,steroid-secreting tumours of the adrenal cortex, renal artery stenosis 

and so on, but the great majority of cases involve no obvious causative factor, and are 

grouped as essential hypertension ( so called because was originally thought that the raised 

blood pressure was essential to maintain adequate tissue perfusion). The pathophysiology 

is intimately related to the kidneys (as demonstrated by transplantation experiments in 

which kidneys are transplanted from or to animals with genetic hypertension, or to humans 

requiring renal trGl.nsplants therapeutically: hypertension "goes with" the kidney from a 

hypertensive donor and vice versa) and leads to narrowing of the lumen of systemic 

arterioles. 

1.4.1.1 Causes ofhigh blood pressure: 

Two forms of high blood pressure have been described- essential (or primary) 

hypertension and secondary hypertension. Essential hypertension is a far more common 

condition and accounts for 95 % of hypertension. The cause of essential hypertension is 

multifactorial, that is, there are several factors whose combined effects produce 

hypertension. In secondary hypertension, which accounts for 5% ofhypertension, the high 

blood pressure is secondary to (caused by) a specific abnormality in one of the organs or 

systems of the body. 
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Essential hypertension affects approximately 75 million Americans, yet its basic 

causes or underlying defects are not always known. Nevertheless, certain associations 

have been recognized in people with essential hypertension. For example, essential 

hypertension develops only in groups or societies that have a fairly high intake of salt, 

exceeding 5.8 grams daily. In fact, salt intake may be a particularly important factor in 

relation to essential hypertension in several situations. Thus, excess salt may be involved 

in the hypertension that is associated with advancing age, African American background, 

obesity, hereditary (genetic) susceptibility, and kidney failure (renal insufficiency). 

Genetic factors are thought to play a prominent role in the development of essential 

hypertension. However, the genes for hypertension have not yet been identified. (Genes 

are tiny portions of chromosomes that produce the proteins that determine the 

characteristics of individuals.) The current research in this area is focused on the genetic 

factors that affect the renin-angiotensin-aldosterone system. This system helps to regulate 

blood pressure by controlling salt balance and the tone (state of elasticity) ofthe arteries. 

Approximately 30 % of cases of essential hypertension are attributable to genetic 

factors. For example, in the United States, the incidence of high blood pressure is greater 

among African Americans than among Caucasians or Asians. Also, in individuals who 

have one or two parents with hypertension, high blood pressure is twice as common as in 

the general population. Rarely, certain unusual genetic disorders affecting the hormones of 

the adrenal glands may lead to hypertension. (These identified genetic disorders are 

actually considered secondary hypertension). 

The vast majority of patients with essential hypertension have in common a 

particular abnormality of the arteries. That is, they have an increased resistance (stiffuess 

or lack of elasticity) in the tiny arteries that are most distant from the heart (peripheral 

arteries or arterioles). The arterioles supply oxygen-containing blood and nutrients to all of 

the tissues of the body. The arterioles are connected by capillaries in the tissues to the 

venous system (or the veins), which returns the blood to the heart and lungs. Just what 

makes the peripheral arteries become stiff is not known. Yet, this increased peripheral 

arteriolar stiffuess is present in those individuals whose essential hypertension is 

associated with genetic factors, obesity, lack of exercise, overuse of salt, and aging. 

Inflammation also may play a role in hypertension since a prediator of the development of 
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hypertension is the presence of an elevated carbon reactive protein level (a blood test 

marker of inflammation) in some individuals 32
•
33

• 

Goals of treatment of high blood pressure: 

High blood pressure usually exists for many years before its complications 

develop. The idea, therefore, is to treat hypertension early, before it damages critical 

organs in the body. Accordingly, increased public awareness and screening programs to 

detect early, uncomplicated hypertension are the keys to successful treatment. The point is 

that by treating high blood pressure successfully early enough, one can significantly 

decrease the risk of stroke, heart attack, and kidney failure. 

The goal for patients with combined systolic and diastolic hypertension is to attain 

a blood pressure of 140/85 mmBg. Bri.11ging the blood pressure down even lower, as 

mentioned earlier, may be desirable in African American patients, and patients with 

diabetes or chronic kidney disease. Although life style changes in pre-hypertensive 

patients is appropriate, it is not well established that treatment with medication of patients 

with pre-hypertension is beneficial. 

1.4.1.2 Starting treatment for high blood pressure: 

Blood pressure that is persistently higher than 140/ 90 mrnHg usuaUy is treated 

with lifestyle modifications and medication. If the diastolic pressure remains at the border 

line leve] (usually under 90 mmHg, yet persistently above 85), however, more aggressive 

treatment also can be started in this circumstances. These circumstances include borderline 

diastolic pressures in association with end-organ damage, systolic hypertension, or factors 

that increase the risk of cardiovascular disease, such as age over 65 years, African 

American decent, smoking, hyperlipemia (elevated blood fats), or diabetes. 

Any one of the several classes of medications may be started, except the alpha

blocker medications. The alpha-blockers are used only in combination with another anti

hypertensive medication in specific medical situations. In some particular situations, 

certain classes of anti-hypertensive drugs are preferable to others as the first line (choice) 

drugs. For example, angiotensin converting enzyme (ACE) inhibitors or angiotensin 

receptor blocking (ARB) drugs are the drugs of choice in patients with heart failure, 

chronic kidney failure (in diabetics or non-diabetics), or heart attack (myocardial 
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infarction) that weakens the heart muscle (systolic dysfunction). Also, beta-blockers are 

sometimes the preferred treatment in hypertensive patients with a resting tachycardia 

(racing heart beat when resting) or an acute (rapid onset, current) heart attack. 

Furthermore, patients with hypertension may sometimes have a co-existing, second 

medical condition. In such cases, a particular class of anti-hypertensive medication or 

combination of drugs may be chosen as the frrst line (initial) approach. The idea in these 

cases is to control the hypertension while also benefiting the second condition. For 

example, beta-blockers may treat chronic anxiety or migraine headache as well as the 

hypertension. Also, the combination of an ACE inhibitor and an ARB drug can be used to 

treat certain diseases of the heart muscle (called cardiomyopathies) and certain kidney 

diseases where reduction in proteinuria would be beneficial. 

In some other situations, certain classes of anti-hypertensive medications should 

not be used (are contraindicated). Dihydropyridine calcium channel blockers used alone 

may cause problems for patients with chronic renal disease by tending to increase 

proteinuria. However, an ACE inhibitor will blunt this effect. Furthermore, the non

dihydropyridine type of calcium channel blockers should not be used in patients with heart 

failure or certain abnormal heart rates or rhythms (arrhythmias). On the other hand, these 

drugs may be beneficial in treating certain other arrhythmias. Also, some drugs, such as 

minoxidil, since it is so powerful, usually are relegated to second or third line choices for 

treatment. Clonidine is an excellent drug but has side effects such as fatigue, sleepiness, 

and dry month that make it a second or third line choice. That is, it is used only after all of 

the first and second line drugs have been tried without success. Finally, the section 1.4.1.5 

below describes the anti-hypertensive drugs that are appropriate or inappropriate for use in 

pregnant women. 

1.4.1.3 Treatment with combinations of drugs for high blood pressure: 

The use of combination drug therapy for hypertension is not uncommon. At times, 

using smaller amounts of one or more agents in combination can minimize side effects 

while maximizing the anti-hypertensive effect. For example, diuretics, which also can be 

used alone, are more often used in a low dose in combination with another class of anti

hypertensive medications. In this way, the diuretic has fewer side effects while it improves 

the blood pressure-lowering effect of the other drug. Diuretics also are added to other anti-
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hypertensive medications when a patient with hypertension also has fluid retention and 

swelling (edema). 

The ACE inhibitors or angiotensin receptor blockers may be useful in combination 

with most other anti-hypertensive medications. ACE inhibitors and angiotensin receptor 

blockers have additive effects in treating patients with cardiomyopathies and proteinuria. 

Another useful combination is that of a beta-blocker with an alpha-blocker in patients with 

high blood pressure and enlargement of the prostate gland in order to treat both conditions 

simultaneously. Caution is necessary, however, when combining two drugs that both 

lower the heart rate. For example, adding a beta-blocker to a non-dihydropyridine calcium 

channel blocker (e.g. diltiazem or verapamil) warrants caution. Patients receiving a 

combination of these two classes of drugs need to be monitored carefully to avoid an 

excessively siow heart rate (bradycardia). Combining alpha and beta-blockers may be 

beneficial for cardiomyopathies and hypertension. Carvedilol 1s useful for 

cardiomyopathies and labetalol for hypertension patients. 

1.4.1.4 Emergency treatment of high blood pressure: 

In a hospital setting, illjectable drugs may be used for the emergency treatment of 

hypertension. The most commonly used agents in this situation are sodium nitroprusside 

(Nipride) and labetalol (Normodyne). As already mentioned, emergency medical therapy 

may be needed for patients with severe (malignant) hypertension. In addition, emergency 

treatment of hypertension may be necessary in patients with short duration (acute) 

congestive heart failure, dissecting aneurysm (dilation or widening) of the aorta, stroke, 

and toxemia of pregnancy. 

1.4.1.5 Treatment during pregnancy: 

Women with hypertension may become pregnant. These patients have an increased 

risk of developing preeclampsia or eclampsia (toxemia) of pregnancy. These conditions 

usually develop during the last three months (trimester) of pregnancy. Preeclampsia, 

which can occur with or without pre-existing hypertension, affected women have 

hypertension, protein loss in the urine (proteinuria), and swelling (edema). In eclampsia 

(toxemia), convulsions also occur and the hypertension may require prompt treatment. The 

foremost goal of treating the high blood pressure in toxemia is to keep the diastolic 

pressure below 105 mmHg in order to prevent a brain hemorrhage in the mother. 

571 



1: Introduction 

Hypertension that develops before the 20th week of pregnancy almost always is due 

to pre-existing hypertension and not toxemia. High blood pressure that occurs only during 

pregnancy, called gestational hypertension, may start late in the pregnancy. These women, 

however, do not have proteinuria, edema, or convulsions. Furthermore, gestational 

hypertension appears to have no ill effects on the mother or the fetus. This form of 

hypertension resolves shortly after delivery, although it may recur with subsequent 

pregnancies. 

The use of medications for hypertension during pregnancy is controversial. The 

key question is, "'At what level should the blood pressure be maintained?" For one thing, 

the risk of untreated mild to moderate hypertension to the fetus or mother during the 

relatively brief period of pregnancy probably is not very large. Furthermore, lowering the 

blood pressure too much can interfere with the flow of blood to the placenta and thereby 

impair fetal growth. So, some sort of a compromise must be met. Accordingly, not all mild 

or moderate hypertension during pregnancy needs to be treated with medication. If it is 

treated, however, the blood pressure should be reduced slowly and not to very low levels, 

perhaps not below 140/80 mmHg. 

The anti-hypertensive agents used during pregnancy need to be safe for normal 

fetal development. The beta-blockers, hydralazine (an old vasodilator), labetalo~ alpha 

methyldopa and more recently, the calcium channel blockers have been advocated as 

suitable medications for hypertension during pregnancy. Certain other anti-hypertensive 

medications, however, are not recommended (they are contraindicated) during pregnancy. 

These include the ACE inhibitors, the ARB drugs, and probably the diuretics. ACE 

inhibitors may aggravate a diminished blood supply to the uterus (uterine ischemia) and 

cause kidney dysfunction in the fetus. The ARB drugs may even lead to death of the fetus. 

Diuretics can cause depletion ofthe blood volume and so impair placental blood flow and 

fetal growth. 

1.4.1.6 Antihypertensive drugs 33
: 

These drugs are used to lower BP in hypertension. Systemic arterial BP is 

determined by cardiac output (c.o.) and total peripheral resistence (t.p.r.). In most of the 

cases, rise in BP is due to increase in t.p.r. while c.o. and heart rate are not high. The 

cutoff manometric reading between normotensive and hypertensive is arbitrary. For 
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practical purpose "hypertension" could be that level of BP at or above which long term 

antihypertensive treatment will reduce cardiovascular mortality. The WHO ISH guidelines 

(1999) have defmed it to be 140 mmHg systolic and 90 mmHg diastolic, though risk 

appears to increase even above 120/80 mmHg. In fact, no clear cut lowest limit has been 

established. Epidemiological studies have confirmed that higher the pressure (systolic or 

diastolic or both) greater is the risk of cardiovascular disease. 

Majority of cases are of essential (primary) hypertension, i.e. the cause is not 

known. Sympathetic and rennin-angiotensin system may or may not be overactive, but 

they do not contribute the tone of blood vessel and c.o. in hypertensives, as they do not 

normotensives. Many antihypertensive drugs interfere with these regulatory systems at one 

level or the other. Antihypertensive drugs, by chronically lowering BP, may reset the 

barostat to fhnction at a lower level ofBP. 

Classification of anti hypertensive drugs: 

1. ACE inhibitors: 

Captopril, Enalpril, Lisinopril, Perindopril, Ramipril 

Angiotensin (ATl) antagonists: 

Losartan, Candesartan, Irbesartan 

3. Calcium channel blocker: 

Verapamil, Diltiagen, Nifedipine, Felodipine, Amlodipine, Nitrendipine, 

Lecidipine 

4. Diuretics: 

Thiazides:- Hydrochlorothiazide, Chlorthalidone, Indapamide, 

High ceiling:- Furesomide, etc. 

K+ sparing:- Spironolactone, Triamterine, Amiloride, 

5. P Adrenergic blockers: 

Propranolol, Metoprolol, Atenolol, etc. 

6. P+ a Adrenergic blockers: 

Labetalo 1, Carvedilo 1 
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7. a Adrenergic blockers: 

Prazocine, Terazocine, Doxazosine, Phentolmine, Phenoxybenzamine 

8. Central sympatholytics: 

Clonidine, Methyldopa 

9. Vasodialators: 

Arterioler:- Hydralazine, Minoxidile, Diazoxide 

Arterioler + Venus: - Sodium Nitroprusside 

1.4.1.7 ~}-adrenergic blockers 34
: 

~-adrenoceptor blocking drugs are widely used for the treatment of cardiovascular 

diseases such as arterial hypertension, coronary heart disease and supraventricular and 

ventricular tachyarrhythmias. They may also be beneficial in the hyperkinetic heart 

syndrome, hypotensive circulatory disorders, portal hypertension, hyperthyroidism, 

tremour, migraine, anxiety, psychosomatic disorders or glaucoma. In recent years even 

patients with heart failure have been successfully treated with ~-blockers initially given at 

very low doses. 

A great number of ~-adrenoceptor blocking drugs are now available for clinical 

uses which differ widely with respect to their pharmacodynamic and pharmacokinetic 

properties. They all interact with ~-adrenoceptors forming drug receptor complexes so that 

endogenous norepinephrine and epinephrine are hindered from accessing the receptor. 

This leads to a competitive antagonism which is characterized by a parallel shift of the 

concentration-response curve of the agonist to the right. The ~-receptor blockade can be 

completely reversed by high concentrations of the agonist. The various ~-blockers differ 

with respect to their ~-receptor affinity, ~!-selectivity, partial agonist activity and 

physicochemical properties (lipophilicity, stereospecificity) which all may be of particular 

importance for clinical use. In addition, pharmacokinetic properties such as absorption, 

bioavailability, metabolism, volume of distribution and elimination (hepatic and/or renal 

clearance) may guide therapy in special patients. 
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Pharmacodynamic properties: 

In many organs there is a coexistence of (31 and (32-receptors. For example; in the 

normal human heart about 80 % of the (3-receptors are of the (31-subtype. In heart failure 

(31-receptors are down-regulated so that a relatively higher proportion of (32-receptors can 

be measured. The physiological and therapeutic actions of a (3-blocker depend on the 

actual density of (31 and/or (32-receptors in the different organs, on the affinity of the (3-

blocker and on the local drug concentration. 
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Table 1.3: Pharmacodynamic properties of (J-blockers: 

Affinity (pA2-values) 
P-h lockers Chronotropy Inotropy Trachea p 1- Sel. PAA PC 

Selectivity Index 

Acebutolol 7.3 7.0 6.4 + 0.9 + 0.17 

Alprenolol 8.6 8.6 8.4 - + 3.3 

Atenolol 7.6 7.4 5.9 + 1.7 - 0.0033 

Betaxolol 8.6 8.6 6.2 + 2.4 - 3.91
) 

Bisoprolol 8.8 8.9 6.4 + 2.4 - 3.0 

Bopindolol 9.5t") 9.3T) 9.652
) - (+) 

Carazolol 9.9 9.8 9.4 - - 13.7 

I 
Cart eo lo 14

) 9.2 9.0 9.3 - + 0.214 
~·,,~""'-., ;., 

I I Carvedilo 14
) 9.1 8.87 - - 126') 

I Celiprolol 7.6 8.1 6.8 + 0.8 + 0.152 

Esmolol') 6.9 6.9 5.3 + 1.6 -

Mepindolol 9.9 9.5 9.0 - + 0.54 

Nadolol 7.9 7.2 7.5 - - 0.008 
--

Nebivolol4 > 8.24 5.77 + 2.47 -
Oxprenolol 8.5 8.7 8.5 - + 0.51 

Penbuto lol_j) 8.6 8.9 9.0 - (+) 50.0 1
) 

Pindolol 9.2 9.4 9.0 - + 0.20 
I 

Propranolol 8.4 8.5 8.5 - - 5.4 

Sotalol 6.1 5.9 5.9 - - 0.011 

Timolol 8.7 8.7 8.2 - - 0.28 

Sel. index = selectivity index: pA2 chronotropy minus pA2 trachea; 
P AA = partial agonist activity; PC = partition coefficient (n-octanollphosphate 
buffer) (temperature 20-30°C, pH 7.0); 1

) pH 7.4; 2
) active metabolite; 3

) S-isomers; 4
) 

vasodilative; 5
) only i.v. -application; UMA = unspecific membrane action; + = 

positive effect; - = no effect. 
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1: Introduction 

Affinity: 

~-blockers with high affmity for ~-adrenoceptors are effective in small doses if 

their bioavailability is not too low. Their action still continues even if they are washed out 

of the extracellular space. Consequently their duration of action cannot be predicted by the 

plasma half life of the ~-phase of elimination. This holds true for many drugs with high 

affinity for ~-adrenoceptors and short plasma half life (2-4 hours for the ~-phase). 

Penbutolol, for example, has a high affmity for ~-adrenoceptors, dissociates slowly from 

the ~-receptor, the t l/2 value (~-phase) is about 2 hours, the terminal half life is about 27 

hours and the duration of action after a 40 mg dose amounts to about 48 hours. 

Physico-chemical properties: 

Lipophilicity: 

~-blockers may be divided into lipophilic or hydrophilic drugs accord:in_g to their 

distribution coefficient. Atenolol, nadolol or sotalol are hydrophilic, penbutolol or 

propranolol are lipophilic whereas bisoprolol or betaxolol are in intermediate position. The 

following parameters are dependent on lipophilicity: 

1) duration of ~-receptor blockade, 

2) metabolism or renal elimination (pharmacokinetics), 

3) diffusion through biological barriers (eg, blood/brain, placenta) and 

4) tissue concentration (especially during intoxication). 

Hydrophilic ~-blockers like atenolol are advantageous in patients who suffer from 

central nervous side effects during therapy with lipophilic drugs (sleep disturbances, 

psychosis, depression, hallucination) 

Stereospecificity: 

With the exception ofpenbutolol or timolol all the ~-blockers are racemic mixtures 

containing 50 % of the ~-receptor blocking S-isomer and 50 % of the R-isomer which is 

without ~-blocking action. Introduction of the pure S-form into the market is without 

clinical significance as there is no evidence that concomitant application of the S- and R

form leads to a higher rate of side effects. 

Pharmacokinetic properties: 

Pharmacokinetic differences of ~-adrenoceptor blocking drugs (Tables 1.4) with 

respect to absorption in the gastrointestinal tract, liver metabolism, plasma protein 
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binding, volume of distribution and renal or biliary elimination play an important role for 

those patients in whom these parameters are altered by their disease. Especially 

disturbances of hepatic and/or renal clearance may be of clinical significance either for the 

choice of the appropriate drug or for the dose regimen of a given drug. 

Table 1.4: Pharmacokinetic properties of IJ-blockers: 

1J- blockers tl/2 Bioavailability First Vd(llkg) Total Renal 

(h) (%) pass clearance clearance 

effect (mil min) (mil min) 

Acebutolol 7-13 40-60 + 1.35 600 200 

Alprenolol 2-3 10-30 + 3.3 1200 0 

Atenolol 6-9 50 - 0.7 100-800 100-170 
I --

Betax:olol 14-20 80 - 6.0 326 47 

r ·-
Bisoprolol 10-12 88 - 3.2 257 140 

I 
- -

Bopindolol 10-14 60-70 + 2.9 515 ? 

Carazolol 85 < 10 + 10.9 35005 105 

Carteolol 7 90 - 3.6 650 277 

Celiprolol 5 50 - 6.5 850 150 

Mepindolol 4.2 >95 - 5.7 650 0 

Nadolol 14-24 20-30 - 2.5 110 67 

Nebivolol 22 12 + ?10 860 7.4 

Oxprenolol 1-3 24-60 + 1.3 600 0 

Penbutolol 1-36 >90 - 0.3 350 0 

Pindolol 3-4 90 - 2.0 400 163 

Propranolol 3-4 30 + 3.6 1000 0 

Sotalol 15 75-90 - 2.0 120 120 

Timolol 5.5 50-75 + 1.4-3.5 560 70-109 

Talinolol 12 55 - 3.3 343 196 

+ = positive effect; - = no effect. 
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REVIEW OF LITERATURE 

Kim JH et al., have studied the effects of various pressure sensitive adhesives (PSA) 

on the percutaneous absorption of physostigmine across hairless mouse skin. They have 

studied in addition, the influences ofvarious vehicles and polyvinylpyrrolidone (PVP) on the 

percutaneous absorption of physostigmine from PSA matrix across hairless mouse skin using 

a flow through diffusion cell system at 3 7°C and found the highest permeability of the drug 

from silicone adhesive matrix. 

Sagar P et al., have demonstrated the development of membrane controHed 

transdermal therapeutic systems of ethyl cel1ulose and polyvinyl alcohol containing an 

antihypertensive dmg, verapamil hydrochloride by the method of castil!_g on mercury surface. 

They have evaluated the thickness uniformity, content uniformity, skin irritation and in vitro 

drug permeation of the formulations through excised mouse skin and found promising results. 

Chowdary KPR et al., have studied the permeability of ethyl cellulose films towards 

salicylic acid and diclofenac sodium with a view to evaluate the films for effective use as rate 

controlling membrane for transdermal drug delivery systems. Solutions in chloroform, 

acetone and isopropyl alcohol were found to give good flexible films of ethyl cellulose alone 

and in combination with PVP and PEG. The films were permeable to water vapor, salicylic 

acid and diclofenac sodium. Drug diffusion through these films followed zero order kinetics. 

Incorporation of PVP and PEG has considerably increased the permeability of the ethyl 

cellulose films. 

Baichwal MR et aL, have investigated films comprising of ethyl cellulose and 

polyvinyl pyrrolidone for their potential transdermal use. Placebo films were initially 

evaluated for their mechanical and physical properties. They have evaluated single films and 

laminates (double layered films) cast on a backing membrane of polyvinyl alcohol containing 

salicylic acid for in vitro and in vivo drug release. They concluded that the studied 

formulation appears with promising result from their experiment. 
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Mukherjee B et aL, have studied the matrix type transdermal drug delivery system 

(TDDS) of dexamethasone using blends of two different polymeric combinations, povidone 

(PVP) with ethylcellulose (EC) and eudragit with PVP. After studying physicochemical 

properties and in vitro skin permeation rate ofthe formulated patches, they concluded that the 

PVP-EC polymer combination was better suited than PVP-eudragit polymer combination for 

the development ofTDDS of dexamethasone. 

Rao PR et al., have studied the plasticized free films of cellulose acetate (CA) a]one 

and in combination with different concentrations of polyvinyl pyrrolidone (PVP). Adaptation 

of mercury substrate method and incorporation of dibutyl phthalate (40 % w/w of polymer) 

yielded thin, uniform and flexible films. Both water vapor transmission and drug diffusion 

through the free films followed zero order kinetics and decreased with increase in film 

thickness. Permeability of films increased with increasing PVP concentration and this may be 

due to leaching out of PVP fraction, which leads to improved porosity and permeability. 

CA:PVP (2:1) was used as the rate controlling membrane for the development oftransdermal 

drug delivery system (TDDS). 

Suwanpidokkul Net aL, have reported four binary vehicles (ethanol/water, isopropyl 

alcohol/water, polyethylene glycol 400/water, and ethanol/isopropyl myristate [IPM]) tested 

for zidovudine solubility and permeability across pig skin. Next, the addition of various 

concentrations of different enhancers (N-methy1- 2-pyrrolidone [NMP], oleic acid and lauric 

acid) to different volume ratios of ethanol/IPM was investigated for their effect on zidovudine 

solubility and permeability across pig skin. 

Satturwar PM et al., have worked on evaluation of polymerized rosin for the 

formulation and development of transdermal drug delivery system using matrix type 

transdermal patches composed of different ratios of polymerized rosin (PR), polyvinylpyrrolidone 

(PVP) and diltiazem hydrochloride and showed that PR in combination with PVP and with 

incorporation of dibutyl phthalate (30 % w/w) produces smooth flexible films with improved 

tensile strength and percentage elongation. The patches containing PR:PVP (7:3) on 

pharmacokinetic and pharmacodynamic performance evaluation in a suitable animal model 
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showed promising result proposing that PR can be used in the design of a matrix type 

transdermal drug delivery system to pro long the drug release. 

Manitz R et aL, have studied on mathematical modeling of dermal and transdermal 

drug delivery. This paper deals with two extensions of diffusion models for the drug delivery 

process into human skin in order to give a more realistic approach. Various penetrating 

substances formulated within a vehicle are considered for modeling the case of an applied 

drug and some penetration modifiers (enhancers and reducers). A coupling via concentration 

dependent diffusivities between the diffusion equations of the involver substances was used to 

model the dependencies between them. Furthermore, a moving boundary problem for the 

diffusion equation of the drug delivery process was developed to describe the time dependent 

maximum penetration depth of each penetrant marked by a moving boundary. this basis a 

model was developed that can predict both the concentration profile and the position of the 

penetration boundary depending on time. Both concepts were described on a two-dimensional 

multilayered domain representing a cross section through human skin. The model equations 

were solved by exploiting a suitable numerical discretization method. 

Costa P et al., have studied the evaluation of mathematical models describing drug 

release from estradiol transdermal system. The transdermal systems were membrane 

controlled type or matrix diffusion-controlled type. The estradiol content of test aliquots of 

the dissolution medium was determined by HPLC. To analyze the release mechanism, several 

release models were tested such as zero order, first-order, higuchi, weibull, korsmeyer

peppas, and makoid-banakar. The release profiles showed that the drug was released at a 

constant rate from three patches. The drug-release rate from the other 10 patches was not 

constant and diminished with the square-root oftime (higuchi model). 

Finnin BC et al., have discussed about the transdermal penetration enhancers, their 

applications, limitations and potential. They have concluded that limited number of 

penetration enhancers have been shown to produce useful enhancement in vivo. Out ofthe list 

only a few have actually been incorporated into products and successfully tested in humans, 
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and, other than previously used ingredients of topical preparations, none has yet been 

successful in the market place. 

Kulkarni RV et al., have studied the effect of plasticizer on the permeability and 

mechanical properties of eudragit films for transdermal application as a rate controlling 

membrane for transdermal use and effect of different concentration of various plasticizers on 

the permeability and mechanical properties. They also studied the thickness uniformity, 

tensile strength, percentage of elongation and water vapor transmission. Verapamil 

hydrochloride has been used as the model drug and films plasticized with polyethylene glycol 

showed higher permeability. Permeability decreased as the concentration of dibutyl phthalate 

was increased. 

Fauth C et al., have studied adhesive backing foil interactions affecting the elasticity, 

adhesion strength of laminates and how to interpret these properties of branded transdermal 

patches. Study revealed that there was no correlation between the elasticity and peel adhesion 

of both the laminates and the branded patches. Likewise, for the branded patches the peel 

adhesion to stainless steel had no correlation with skin adhesion obtained from clinical trials. 

Cho YA et al., have studied the effect ofvehicles and penetration enhancers on the in 

vitro permeation ofketorolac tromethamine across excised hairless mouse skin. Amongst pure 

vehicles examined, propylene glycol monolaurate (PGML) showed highest drug permeation 

fluxes. The skin permeability of the drug was markedly increased by adding diethylene glycol 

monoethyl ether (DGME). They evidenced that PGML and DGME in combination increased 

the drug tlux to almost two times than those used alone. They found different permeation 

enhancing property of different fatty acids depending on the concentration and highest effect 

of permeation enhancer was seen with I 0 % caprylic acid. 

Pandey S et al., have performed a comparative study of transdermal and oral 

preparation of diclofenac sodium using sodium alginate as carrier to assess the 

pharmacokinetic profile. Transdermal gel containing 15 % w/v sodium alginate and 1 % w/w 

diclofenac sodium were prepared and 0.5 % w/v of sodium alginate and 1 % w/w of 
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diclofenac sodium were used for oral administration where 200 ± 10 gm of albino rats were 

selected for the study. A dose of 10 mg of drug was administered orally and the gel was 

applied to 1 cm2 area on the interscapular region of the rats. The pharmacokinetic studies 

showed a similar AUC and Cmax for the both formulation. However, T max after oral 

administration was found to be shorter ( 4 hours) as compared to that of transdermal 

application (8 hours). 

Jain GK et al., have studied the release of verapamil from transdermal patches that 

prepared using polyvinyl alcohol and polyvinyl pyrrolidone as polymers, glycerol as 

plasticizer and d-limonene as enhancer. Comparative study of flux across human cadaver skin 

and guinea pig dorsal skin were performed with varying concentration of d-limonene (5 and 

20 %). Lag time for appearance of drug in receptor phase was longer in human cadaver skin 

as compared to guinea pig skin. Lag time was found to be increased with decreasing 

concentration of d-limonene. 

Panigrahi L et al., have studied pseudolatex transdermal patches by incorporating 

terbutaline sulphate as an effective mode of therapy for nocturnal asthma. The pseudo latex 

patches were formulated using combinations of eudragit RS 100 and RL 100 with eudraflex 

as plasticizer. The physicochemical characterization of the films was evaluated for drug 

release profile from the films as well as for ascertaining skin permeation aspects for 

therapeutic efficacy. The drug release profile from the patches followed apparent zero order 

pattern up to a period of 12 hours. The cumulative amount of drag permeated over a period of 

24 hours was found to be 4.8 mg/cm2
, which was about 50 % of the loaded dose. The 

suitability of the drug loaded transdermal patches of terbutaline sulphate has been confirmed 

as it has been noticed that skin permeation took place at a steady rate over a period of 12 

hours. 

Kanikkannan N et al., have studied several matrix type polymeric patches that 

prepared and evaluated for in vitro release of indomethacin in order to select a suitable system 

for transdermal delivery. The solution casting technique employing both glass and mercury 

substrate was used for the preparation of the patches. Keshary-Chien type diffusion cell was 
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used for in vitro release studies. The PV A-PVP patches released 100% drug within a period of 

24 hours. Eudragit RL 100-PVP with PEG 400 as plasticizer yielded smooth and flexible 

patches with good drug release profile. The release of drug from the eudragit based patches 

followed the diffUsion controlled higuchi model. They concluded that the PV A-PVP and 

eudragit RL 1 00-PVP matrices may potentially be developed as a transdermal therapeutic 

system. 

Naidu RAS et al ..• have studied transdermal diffusion of diclofenac sodium from eight 

different semisolids across cellulose acetate (CA) films, rat abdominal skin and combination 

of the two, employing the permeation apparatus. Various semisolids revealed slow diffusion 

of the drug over extended periods of time. Similarly zero order diffusion was observed with 

solutions and gels of alginate and carbopol. CA films were reported to control the drug 

diffusion through rat lil.bdominal skin. 

Kanikkannan N et al., have studied the monolithic drug-in-adhesive transdermal 

patches of melatonin containing penetration enhancers like fatty alcohols, fatty acids, and 

terpenes. The patches were prepared using eudragit E 100 as the adhesive polymer. The 

release profile of melatonin from control as well as enhancer-containing patches showed an 

initial burst of melatonin release for up to 4 hours and then a plateau after 8 hours. The release 

profiles of melatonin from patches containing various enhancers were similar to the control 

patch. However, the addition of enhancers in the patch increased the permeation of melatonin 

through hairless rat skin. The flux values of patches containing octanol, nonanoic acid, and 

myristic acid were higher than the control patch (no enhancer), but the differences were not 

statistically significant. Decanol, myristyl alcohol, and undecanoic acid at 5 % w/w 

concentrations showed significantly higher flux values through hairless rat skin. Menthol and 

limonene at 5 % w/w showed maximum permeation of melatonin among all enhancers 

studied. 

Rathore RPS et al., have worked transdermal matrix type patches of terbutaline 

sulphate using ethyl cellulose and cellulose acetate polymer along with polyvinylpyrrolidone. 

They observed the highest drug release rate from CA:PVP (3:2) and EC: PVP (2:3) patches. 
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Al-Kbalili Metal., have studied the transdermal delivery ofbuspirone hydrochloride 

across hair less mouse skin. The combined effect of iontophoresis and terpene enhancers were 

evaluated. Iontophoretic delivery was optimized by evaluating the effect of drug 

concentration , current density from 0.05 - 0.1 mA/cm2 resulted in doubling of the 

iontophoretic flux of buspirone hydrochloride, while increasing drug concentration from 1 % 

to 2 % had no effect on flux. Use of phosphate buffer to adjust the pH of the drug solution 

decreased the buspirone hydrochloride iontophoretic flux whereas incorporation ofbuspirone 

hydrochloride water solution into ethanol: water (50:50 v/v) based gel formulations using 

CMC and HPMC had no effect on iontophoretic delivery ofthe drug. Incorporation ofthree 

terpene enhancers (methanol, ciniol, and terpineol) into the gel resulted in a synergistic effect 

in iontophoresis. Methanol was found to be the most active enhancer when assessed for 

iontophoresis and a delivery rate of 10 mg/cm2/day ofbuspirone hydrochloride was evident. 

Gupta SP et al., have formulated matrix diffusion controlled transdermal drug 

delivery system of metoproiol tartarate by using eudragit RL and hydroxypropyl methyl 

cellulose (HPMC). Then they have studied the formulations for their thickness, tensile 

strength , drug content , in vitro and in vivo drug release characteristics. The two polymers at 

a ratio of40:60 have showed a better drug skin permeation of87.5flg/h/cm2
• 

Manvi FV et al., have formulated transdermal films of ketotifen fumerate using the 

polymeric combination of eudragit L IOO:hydroxypropyl methyl cellulose and ethyl 

cellulose:hydroxypropyl methyl cellulose. The formulated films were evaluated for their 

physicochemical properties, in vitro diffusion study and skin permeation characteristics. They 

found the feasibility of formulating the rate controlling films of the mentioned polymeric 

combination containing ketotifen fumerate. 

Sankar V et al., have demonstrated the preparation of polymeric films of ethyl 

cellulose for suitable delivery ofthe drug nifedipine. The drug was incorporated in 4% w/w 

hydroxypropyl methyl cellulose gel and formulated ethyl cellulose films were then subjected 

to various physicochemical characteristics. They have concluded from the study that there 

was a faster drug release from ethyl cel1u1ose patches containing glycerol as plasticizer. 
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Thomas SM et al., have developed transdermal patches containing crystals of 

estradiol suspended in pressure sensitive adhesive. A significant quantity of the adhesive 

matrix layer was to be adhering to the brass and polypropylene moulds which were used for 

preparation of the patches by solvent evaporation technique. However, in-situ preparation of 

the patches by solvent evaporation from a cavity, showed a mass balance. The release profile 

of estradiol from adhesive matrix was found to be similar to that of suspension matrix system. 

Arora P et al., have studied matrix-type transdermal patches containing diclofenac 

diethylamine prepared using different ratios of polyvinyl pyrrolidone (PVP) and 

ethylcellulose (EC) by solvent evaporation technique. Based on the physicochemical and in 

vitro skin permeation study, formulation containing PVP and EC in a ratio of 1 :2 and 

formulation containing PVP and EC 1 :5 were chosen for further in vivo experiment and 

hence, they concluded that diclofenac diethylamine can be incorporated into the transdennal 

matrix type patches to sustain its release characteristics and the polymeric composition of 

PVP and EC (1 :2) was found to be the best choice for manufacturing transdermal patches of 

diclofenac diethylamine among the formulations studied. 

Gupta R et al., have studied transdermal drug delivery system of diltiazem 

hydrochloride using different ratios of polymers, ethyl cellulose and povidone and concluded 

that the films composed ofpovidone:ethyl ceHulose (1 :2) can be selected for the development 

of transdermal drug delivery of diltiazem hydrochloride, using a suitable adhesive layer and 

backing membrane for potential therapeutic use. 

AqH M et al., have worked on in vivo characterization of monolithic matrix type 

transdermal drug delivery system (TDDS) of pinacidil monohydrate using polymers eudragit 

RL 100 and polyvinyl pyrroJidone K 30 (in 8:2, 4:6, 2:8, and 6:4 ratios), 5 % w/w of 

plasticizer; polyethylene glycol 400 and 5 % w/w of penetration enhancer dimethyl sulfoxide 

(based on total polymer weight) and showed that a single patch application of pinacidil TDDS 

can effectively control hypertension in rats for 2 days. The system holds promise for clinical 

studies. 
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Devi K et al., have developed transdermal patches of ketorolac tromethamine, where 

polyvinyl pyrrolidone and polyvinyl alcohol polymeric matrix has been used for preparing 

free films and acrylic and silicone based pressure sensitive adhesives were used as adhesive 

matrix for the transdermal patches. Glycerol or propylene glycol was used as the plasticizer. 

A comparison of various penetration enhancers and enhancement techniques were also made. 

It was evident from the skin irritation study that the formulated transdermal patches were non 

irritant to the skin. 

Rana Vet al., have studied the transdermal film formulations containing primary fatty 

amines and pyrrolidones ion-paired with diclofenac sodium which were evaluated for 

enhancement of diclofenac permeation through rat abdominal skin. Dodecylamine and 

methyl-2 pyrrolidon~ exhibited maximum flux of diclofenac sodium. The maximum flux 

obtained from dodecylarnine-diclofenac sodium ion paired films was 62.4 IJ.g/h/cm2
, whioh 

was approximately 4.5 times greater than that from the ion-paired films. The result showed 

that dodecylamine can be advantageously used to enhance the percutaneous permeation of 

diclofenac sodium. 

Tanwar YS have studied the transdermal drug delivery systems of salbutamol 

sulphate using eudragit RL 100 and PVP, which were developed by solvent casting technique 

employing mercury as a substrate. Propylene glycol was used as plasticizer. In vitro 

permeation profiles across the guineapig dorsal skin using Keshary-Chien diffusion cell were 

found to be promising. Incorporation of PEG 400 and tween 60 enhanced the drug permeation 

across guineapig skin; the permeation rate was greater with films containing PEG-400 and 

followed zero order kinetics. 

Arabi H et al., have studied the controlled reservoir system for scopolamine 

hydrochloride (SH) under in vitro condition by determination ofthe role of membrane on SH 

release rate. In the method SH was incorporated into two polymers (polyisobutylene and 

polybutyl acrylate) and SH release rate across ethylene-vinyl acetate copolymer (EVA) and 

ethyl cellulose (EC) membranes was measured. The obtained result showed that in the EVA 

membrane, the permeability of SH across membrane increased with the increase of vinyl 
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acetate percentage in copolymer. Microscopic studies of EVA membrane surface showed that 

the size of surface porosity increases with the increase of vinyl acetate percentage in the 

copolymer and according to the result obtained, it showed an increase in drug's release rate. 

In case of EC membrane, the result showed that the rate of drug release increases with the 

increase of pore size ofEC surface despite of having high molecular weight. 

Das MK et al., have investigated the effect of polymeric composition, drug content, 

and plasticizer on the permeation of trazodone hydrochloride across the mouse epidermis for 

the development of transdermal therapeutic system, using eudragit RL 100 and RS 100 and 

triethyl citrate as plasticizer. They studied the in vitro release and skin permeation through 

mouse epidermis using Keshary-Chien diffusion cell and found an increased in vitro drug 

release with increasing amount of eudragit RLlOO in the film. They also observed that the 

maximum skin permeability was attained at a loading dose of 10 % w/w in the film, and the in 

vitro flux decreased gradually at higher concentration up to l3 % w/w and concentration of 

triethyl citrate in the film markedly affected the skin permeation properties of trazodone 

hydrochloride. 

Agt·awal SS et ul., have experimented matrix type transdennal patches for carvedilol 

using different concentrations (1 :7 to 1:1 0) of carvedilol and chitosan by solvent casting 

method (4 % v/v lactic acid solution) and found the feasibility of formulating carvedilol 

transdermal patches with chitosan. 

Udupa Net al., have reported membrane moderated transdermal systems using ethyl 

cellulose, eudragit RS 100, eudragit RL 100 and ethylene vinyl acetate (2 %, 9 % and 19 % 

vinyl acetate content) for glibenclamide and found better control of hyperglycemia than oral 

glibenclamide administration in mice. 

Saraf S et al., have studied transdermal delivery of norfloxacin using vanous 

combination of ethyl cellulose (EC):hydroxypropyl methyl cellulose (HPMC) and various 

concentration of polyvinyl alcohol (PV A) with different skin permeation enhancers like 

benzyl alcohol, lauric acid, oleic acid, lauryl alcohol, sodium lauryl sulphate (SLS) and 
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dimethyl sulfoxide (DMSO) and observed that HPMC:EC (20:80) and PVA 10 % was most 

suitable for drug loading and DMSO showing highest permeability with no lag time. 

Mehdizadeh A et al., have designed to evaluate different matrix, drug-in-adhesive 

and reservoir formulations of fentanyl transdermal patches. They targeted to design drug-in

adhesive patches (DlAPs), using full factorial design. Different types and amounts of liquid, 

pressure-sensitive adhesives (PSAs) were used and evaluated with respect to drug release and 

adhesive properties. A simple but precise method, the simplified peel 180° test, was 

developed to measure and compare adhesive properties of transdennal patches and results 

showed that reJease kinetics obeyed the square root of time or higuchi model, indicating the 

diffusion controlled release mechanism. They found that the amount of fentanyl needed for 

each lO cm2 three-days DIAP should be 3.3 mg. The respective amounts for reservoir and 

matrix patches were 2.5 and 5 mg. It was concluded that acrylic PSAs showed the best 

adhesion and release properties. 

M utalik S et al., have worked on membrane-moderated transdermal systems of 

glipizide, prepared using drug containing carbopol gel (drug reservoir) and ethyl cellulose, as 

well as eudragit RS 100, eudragit RL 100 and ethylene vinyl acetate (EVA; 2, 9 and 19 % 

vinyl acetate content) rate-controlling membranes, and were subsequently evaluated in vitro 

(drug content and drug permeation studies) and in vivo (acute and long-term hypoglycemic 

activity, effect on glucose tolerance, biochemical and histopathological studies, skin irritation 

test and phannacokinetic studies in mice) and concluded that the transdermal system 

successfully prevented severe hypoglycemia in the initial hours and it was also effective for 

chronic conditions. 

Khatun M et al., have worked on polymeric films of eudragit RS 100 prepared by 

solvent casting method to explore the possibilities of using this polymer in transdennal 

therapeutic system (TTS). Naproxen was used as a model drug and incorporated in two 

different percent loading (8.3 % w/w and 20.8 % w/w of films). Effects of two plasticizers 

namely polyethylene glycol 1500 and 4000 (PEG 1500 and PEG 4000) and two release 

modifiers polyvinyl alcohol (PV A) and hydroxypropyl methyl cellulose (HPMC) 15 cps on in 
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vitro drug release from naproxen loaded eudragit RS 100 films were assessed. Drug release 

was found to be a function of drug load, PEG molecular weight and physico-chemical 

property of the release modifiers incorporated. At low drug load, highest amount of drug was 

released from films containing PEG 1500 (more than 95 %). However, a burst release was 

evident in case of all the experimental batches except that loaded with HPMC 1 5 cps. With 

this formulation, more than 75 % of active principle was released after 8 hours while only 

I 2% of naproxen was liberated in the first hour of dissolution. Increasing drug load increased 

the rate and extent of drug release from eudragit RS l 00 films; however this effect was 

minimized when PEG 4000 was used as release modifier. For PEG 1500 loaded tilms, drug 

release was decreased with increasing drug concentration. They found inclusion of PEG in 

eudragit RS 100 films caused the drug to be released by diffusion (Fickian) kinetics whereas 

PV A and HPMC containing formulations released drug by diffusion mechanism coupled with 

eros1on. 

Sridevi S et al., have developed a acrylate based transdermal drug delivery system 

(TDDS) with polymethyl methacrylate and ethyl cellulose for glibenclamide and evaluate for 

its pharmacodynamic performance in male wistar rats and showed that TDDS significantly 

sustained the hypoglycemic activity for 24 hours in normal rats when compared to oral 

administration where the effect declined after 8 hours and the transdermal system is effective 

in preventing the frequent hypoglycemic episodes encountered after oral glibenclamide 

administration. 

Murthy Net al., have studied transdermal formulations containing theophylline and 

salbutamol su]fate using hydroxypropyl methyl cellulose and formulations were subjected to 

in vitro release studies and pharmacodynamic studies in guinea pigs and showed that the drug 

release was effective and above the minimum effective concentration from the formulation. 

Tipre DN et al., have investigated the acrylate-based transdermal therapeutic system 

of nitrendipine using d-limonene as permeation enhancer and reported that the drug can be 

delivered at high input rate through transdermal route. 
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Sumanta MK et aL, have studied the matrix diffusion type transdermal drug delivery 

system of haloperidol prepared with eudragit NE 30D copolymer to overcome haloperidol 

induced extrapyramidal syndrome and pointed out that the system might be a better 

alternative over conventional dosage form in case oflong term psychiatric treatment. 

Venkateswarlu Vet aL, have studied the film forming abilities of the natural polymer 

from Salacia macrosperma. Both the reservoir type as well as the matrix type transdermal 

drug delivery systems was prepared for diltiazem. After evaluating the formulations, they 

have experienced an encouraging result and suggested the promising role of the natural 

polymer from Salacia macrosperma in release rate control of the loaded drug in transdermal 

drug delivery systems. 

Nath BS et al., have reported that the different grades eudragit polymers exhibit 

varying permeability of diltiazem hydrochloride in transdermal system. Eudragit RLIOO grade 

was found to increase the permeation significantly whereas eudragit RS 1 00 and NE 30 D was 

found to decrease the permeability. But the combination ofthe polymers (eudragit RLIOO and 

Eudragit RSlOO:eudragit RLIOO and Eudragit NE 30 D) enhanced the drug release, followed 

the diffusion equations and showed no swelling ofthe film. 

Schurad B et aL, have studied the transdermal in vitro permeation behavior of the 

highly potent dopamine agonist proterguride in matrix formulation based on different types of 

pressure-sensetive adhesives eudragit E 100 and gelva 7883 as acrylates, oppanol B 15 SFN 

as polyisobutylene and BioPSA 7-4202 as silicons using hairless mouse model membrane and 

showed suitability of gelva based patches having good physical stability, good skin adhesion 

and moderate flux values for formulation oftransdermal administration ofproterguride. 

Funke AP et al., have developed matrix type transdermal system containing a highly 

lipophilic drug antiestrogen along with the permeation enhancers propylene glycol and lauric 

acid and found that pretreatment of skin with permeation enhancer raised the transdermal flux 

of subsequently applied antiestrogen. 
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Budhathoki U et al., have studied the effect of combination of propylene glycol (PG) 

with dimethyl sulphoxide (DMSO), benzalkonium chloride (BKC), isopropyl myristate 

(IPM), tween 80 and sodium lauryl sulphate (SLS) on in vitro drug release rate of a 

transdermal system of salbutamol sulphate, prepared with eudragit RL 100 and showed that 

concentration of DMSO and tween 80 have directly proportional whereas concentration of 

BKC and SLS have inversely proportional relationship with drug release rate. The increase 

followed by decrease in drug release rate was reported with increase in IPM concentration. 

Panigrahi L et al., have studied polymeric dispersion type transdermal drug delivery 

system of diclofenac sodium for prolonged and controlled release of drug using different 

combinations of hydrophilic and hydrophobic polymers pseudolatex systems. They have 

evaluated permeatio.p kinetics of diclofenac sodium from transdermal system alone and in 

presence of an enhancer isopropyl myristate at different concentrations and observed the 

permeation flux, permeation coefficient and found an increase in presence of enhancer 

isopropyl myristate maximum at a concentration of 1 0 %. 

Parikh DK et al., have developed a transdermal drug delivery of fluoxetine with 

permeation enhancement of fluoxetine, either in the salt or base form using various enhancers 

Hke azone and ethanol and studied permeation enhancement of fluoxetine across human 

cadaver skin using Franz diffusion cell with receptor phase consisted of pH 7.4 phosphate 

buffer maintained at 37°C and found the permeation of fluoxetine obtained using a 65 % v/v 

ethanolic solution to be sufficient to deliver the required dose (20-80 mg) from a patch of 

feasible size. 

Rejendran D et al., have studied the feasibility of development of a transdermal 

delivery system for terbutaline sulphate using eight non-ionic surfactants as permeation 

enhancers and determined the flux of terbutaline sulphate from transdermal patches 

containing any of the selected non-ionic surfactants or without surfactants using Keshary

Chien cell and reported that among the spans used, span 80 produced the highest permeation 

ofthe drug and of the tweens used, tween 80 produced the highest permeation ofthe drug. 
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Gondaliya D et al., have worked on designing and evaluating unilaminate transderma) 

adhesive matrix systems capable of diffusing bupropion base at a constant rate over an 

extended period of time as an alternative route of administration with different concentrations 

ofeudragit E as the adhesive and rate controlling polymer and showed that the release of drug 

from the matrices obeyed zero order release kinetics (? = 0.9810 to 0.9960), the delivery rate 

ofbupropion ranged from 10.5 mg to 31.4 mg per day from a 3.14 cm2 area ofmatrix, the 

relation between concentration ofbupropion base in matrix and epidermal flux, concentration 

of drug in matrix, and epidermal adsorption of bupropion during diffusion follow hyperbolic 

fashion, triethyl citrate and dibutyl phthalate have no influence on the diffusion of bupropion 

through human cadaver skin when used as plasticizers, incorporation of succinic acid in the 

adhesive matrix retarded diffusion due to the formation of rigid cross linking of the polymer, 

while propylene glycoi and myristic acid, alone or in combination, significantly enhanced 

flux ofbupropion through human cadaver skin. 

Benes L et al., have studied transmucosal, oral controlled-release (CR) and 

transdermai administration in human subjects. A crossover study with melatonin (MT) and 

its principal metabolite in human subjects using a crossover, single dose design was 

evaluated. Twelve adult male volunteers participated in the study and received all three 

dosage forms on three separate occasions. All patch dosage forms were removed after 1 0 

hours of wear. Plasma concentration of the parent drug and its metabolite, 6-

sulfatoxymelatonin (MT6s) were measured by radioimmunoassay. Between subject plasma 

concentrations ofMT were very variable following both oral CR and TDD. Use ofthe oral 

CR system gave plasma MT profiles in some subjects that were initially similar to 

physiological levels, but then differed substantially from physiological level in the rate of 

MT offset; in a few subjects, plasma MT levels remained consistently much below normal 

nocturnal physiological levels. Also, the ratio of metabolite to parent drug by the oral CR 

route was many times greater than physiological level. 

Saxena M et al., have studied transdermal patches of metoclopramide hydrochloride 

for its physicochemical parameters with drug release and found that the formulation exhibit 
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uniform thickness and weight, good drug content, and little moisture content and uptake. The 

drug release from the patches was found to be diffusion dominated. 

Udhumansha U et aL, have studied transdermal therapeutic system of carvedilol and 

effect of hydrophilic and hydrophobic matrix on in vitro and in vivo characteristics and 

concluded that transdermal patches of carvedilol can effectively release the drug for the 

therapy ofhypertension. 

Bharkatiya Metal., have prepared nimesulide transdermal films using four different 

polymers by solvent casting technique and dibutyl phthalate as plasticizer and evaluated 

physicochemical parameters of the films like weight variation, thickness, folding endurance, 

drug content, tensile strength and stability. An in vitro study was also carried out using 

Keshary-Chien permeation cell and concluded that formulation containing drug reservoir 

with HPMC:PVP showed highest permeation, the release of drug from all the formulations 

followed the diffusion controlled higuchi model and zero order release kinetics. 

llango R et al., have studied on the formulation of transdermal preparation of 

nimesulide gel and observed the effect of polymer concentration on in vitro drug release from 

carbopol 940, hydroxypropyl methyl cellulose (HPMC) gel. The effect of permeation 

enhancers like tween 80 and sodium lauryl sulphate (SLS) at different concentration on drug 

release pattern were also been observed. Pharmacodynamic studies of selected formulations 

for anti-inflammatory activity by carrageenin-induced paw edema in rats and comparison 

with marketed ibuprofen gel preparation were also carried out where HPMC and carbopol 

based nimesulide dosage forms showed promising result. 

Felton LA et al., have studied the influence of hydroxypropyl-~-cyclodextrin 

(HPCD) on the transdermal permeation and skin accumulation of oxybenzone. They have 

calculated the flux from the permeation data of drug. The aqueous solubility of oxybenzone 

increased linearly with increasing HPCD concentration. They observed the maximum flux of 

the drug at 10% concentration ofHPCD. 
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Nalluri BN et al., have studied the in vitro release characteristics of naltrexone 

(NTX) from matrix type transdermal drug delivery system. Amongst the four DURO-T AK 

adhesive polymers tested 87-2516 proved to be the most suitable and compatible polymer for 

transdermal delivery of NTX. The release of NTX from the patches showed a good 

correlation (R2 > 0.99) profile, indicating a higuchi type matrix diffusion mechanism of drug 

release. They found an overall significant higher drug release from the NTX prodrug patches 

than from NTX patches at all three drug loading levels. 

Krishnaiah YSR et al., have studied the nerodilol-based transdermal therapeutic 

system for its ability to reach desired steady state plasma concentration of nicorandil 

human volunteers. The flux of nicorandil from the nerodilol-based hydroxypropyl methyl 

celluJose (HPMC) drug reservoir across excised rat skin was found to be more when 

compared to EVA 2825 membrane, indicating that the latter was more effective as rate 

controlling membrane. They have concluded that the nerodilol-based TTS of nicorandil 

provided the desired plasma concentration of the drug for the predetermined period of time 

with minimal fluctuation. 

Nicolazzo AJ et al., have studied the effect of occlusion, octisalate (OS) and 

propylene glycol (PG) on the in vitro skin permeability oftestosterone. Testosterone (either 

alone or with OS 5 % w/v) was applied as a finite dose to full thickness neonatal porcine skin 

mounted in flow-through diffusion ceH and the amount of drug appearing in the receptor 

solution (20% v/v ethanol) was determined up to 24 hours. In addition, the effect of solugel 

(a proprietary hydrogel containing PG 25 % w/w) and tegaderm (a semi permeable film 

dressing) on the permeation of testosterone was assessed. They have concluded that by 

combining OS, PG and occlusion, testosterone permeation was increased 8.7 fold, which was 

a synergistic enhancement. They found same enhancement efficacy of solugel and tegaderm 

when applied to the skin in relation to enhancement produced by PG 25 % w/w and 

occlusion. 
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CHAPTER-S 



DRUG PROFILE 

3.1 Introduction: 

Hyper tension is a disorder in which the patient's blood pressure is elevated above 

normal values for his age. Hypertension results from increased peripheral vascular smooth 

muscle tone, which leads to increased arteriolar resistance and reduced capacitance of the 

venous system. The incidence of morbidity and mortality significantly decreases when 

hypertension is diagnosed early and is treated properly 1
• 

In recognitions of the progressive nature of hypertension the seventh report of the 

Joint National Committee classifies hypertension in to four categories for the purpose of 

treatment management. 

These categories are: -

Normal (SBP/DBP, < 120/< 80), 

Prehyper tension (SBP/DBP, 120-139, 80-89), 

Stage 1 hypertension (SBP/DBP, 140-159/90-99), 

Stage 2 hypertension (SBP/DBP~l60/~100) 2 • 

Hypertension is a condition of an elevated blood pressure relative to a perceived 

normal level. Hypertension is defined arbitrarily as sustained increase in systemic blood 

pressure (SBP/DBP) greater than 140/90 mmHg respectively. Isolated systolic 

hypertension refers to an elevated systolic blood pressure (typically greater than 140-160 

mmHg) in the absence of an increase in diastolic pressure. The components of the normal 

blood pressure control system can be manipulated by drug to treat hypertension. Blood 

pressure is controlled by an integrated neuronal and hormonal control system. This 

regulates blood pressure via alteration in 

blood volume 

cardiac out put 

peripheral vascular resistence. 

Hypertension is commonly diagnosed when the diastolic pressure is consistently 

found to be higher than 90 mmHg. Blood pressure can be raised by increased cardiac out 

put, increased peripheral resistance or increased blood volume. Primary hypertension has 
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no apparent cause. Secondary hypertension results from another disease such as 

pheochromocytoma. 

Table 3.1: Classification of blood pressure based on the report of the 1993 Joint 

National Committee 3'
4

• 

Category Systolic ( mmHg) Diastolic (mmHg) 

Normal < 130 < 85 

High normal 130-139 85-89 

Stage 1 (mild) 140-159 90-99 

Stage 2 (moderate) 160-179 100-109 
-

110-1 i9 ___ l 5 Stage 3 (severe) 180-209 

I 
age 4 (very severe) ;?: 210 2120 

----------' 

*Optional blood pressure with respect to cardiovascular risk is less than 120 mmHg 

systolic and less than 80 mmHg diastolic. 

Thiazides are the most commonly used anti hypertensive diuretics. Risk factors for 

hypertension include increasing age, black race, male sex, family history of hypertension, 

obesity, diabetes mellitus, hypercholesterolemia, smoking and previous history of vascular 

disease. 

Treatment for hypertension: 

The major treatment recommendations are 

• Exercise. 

• Reduce body weight if over weight. 

• Restrict dietary salt (in some cases). 

• Treat lipoprotein disorder carefully. 
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3.2 13 -blockers: 

13-blockers are classed into two groups: 

( 1) Selective 13-antagonist 

(2) Non selective 13-antagonist 

The non-selective agents block both 131 and 132 sites. The selective 131 blocking 

agents stop the action of the 131 receptor of the heart, but have less influence on the 132 

receptor of the bronchi in the lung. There are no selective J32 inhibitors. 

Non-selective 13-blockers reduce the heart rate and the force of the contraction, 

prevents rennin release and slows the outflow of sympathetic nervous system messages 

from the brain stem to the vasomotor center telling the body to narrow the blood vessels 

and increase the heart rate. Because these drugs block both 131 and 132 impulse, they have a 

wide range of side effects. J3-blockers are currently recommended as first line drug therapy 

for hypertension when indicated. 
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Figure 3.1: Effect of ~-blockers on rennin-angiotensin pathway in controlling the 

blood pressure: 
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3.2.1 Propranolol Hydrochloride: 

Description 5
: 

Propranolol hydrochloride is a synthetic J3-adrenergic receptor blocking agent 

chemically described as 2- propanol 1-[(1- nethylethyl) amino] 3-(1 - napthalenyloxy)

hydrochloride. 

Propranolol hydrochloride is a stable, white, crystalline solid, which is readily soluble in 

water and in ethanoL Its molecular weight is 295.80. 

Factors that may be involved in contributing to the antihypertensive actions are-

• Decreased cardiac out put. 

• Inhibition of rennin release by the kidneys. 

• Reduction of tonic sympathetic nerve outflow vasomotor centers in the brain. 

In angina pectoris propranolol generally reduce the oxygen requirement of the 

heart at any given level of effort by blocking the catecholamine - induced increases in the 

heart rate, systolic blood pressure, and the velocity and extent of myocardial contraction. 

Drug interaction: 

Patients receiving catcholamine- depleting drugs such as reserpme should be 

closely observed if propranolol is administered. The added catecholamine blocking action 

may produce an excessive reduction of resting sympathetic nervous activity, which may 

result in hypotension, marked bradycardia, vertigo, syncopal attack or orthostatic 

hypotension. 

Adverse reactions: 

Most adverse effects have been mild and transient and have really required the 

withdrawal of therapy. 

Cardiovascular: 

Bradycardia, conjestive heart failure, hypotension. 

CNS: 

Light-headaches, lassitude, weakness, fatigue. 

Gastrointestinal: 

Nausea, vomiting, diarrhoea, constipation, ischemic colitis. 
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Respiratory: 

Bronchospasm. 

Autoimmune: 

Systemic lupus erythematosus has been reported. 

Miscellaneous: 

Alopecia, dry eyes, male impotence. 

Skin: 

Stevens- Johnson syndrome, exfoliative dermatitis, urticaria. 

Chemical structure and formula 6•
7

: 

Synonym: Propranoli Hydrochloridum 

I 
\ (.~ 

1-[(1-Methyl ethyl) amino]-3-(1-napthalenyloxy)-2propanol 

Definition: 

Propranolol hydrochloride contains not less than 99.0 percent and not more than 

the equivalent of 101.0 percent of (2RS)-1-[(1-methylethyl) amino]-3-(naphthalen-1-

yloxy) propan-2-ol hydrochloride, calculated with reference to the dried substance. 

Physical property: 

A white to off-white odorless crystalline powder soluble in water and in alcohol, 

slightly soluble in chloroform; practically insoluble in ether. 
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Stability: 

In aqueous solutions propranolol with oxidation of the isopropyl amine side chain 

decomposed by a reduction in pH and discolorations of the solution. Solutions are most 

stable at pH 3 and decompose rapidly when alkaline. Storage temperature is 25°C. 

Identification: 

First identification B, D. 

Second identification A, C, D. 

A. Melting point: 163°C to 164°C (crystals from n-propanol). 

B. Examine by infrared absorption spectrophotometry, comparmg with the spectrum 

obtained with propranolol hydrochloride CRS. 

C. Examine by thin-layer chromatography, using silica gel GRas the coating substance. 

D. It gives reaction of chlorides. 

Loss on drying: 

Not more than 0.5 percent, determined on 1.000 gm by drying in an oven at 100°C 

to 105°C. 

Sulphated ash: 

Not more than 0.1 per cent, determined on 1.0 gm. 

Assay: 

Dissolve 0.250 gm in 25 ml of alcohol R. Titrate with 0.1 M sodium hydroxide, 

determining the end-point potentiometrically. 

1 ml ofO.lM sodium hydroxide is equivalent to 29.58 mg ofC16H22ClN02. 
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Impurities: 

H OH 

G ' 

A. 3-( naphthalen-1-ylo xy )propane-! ,2-dio 1 ( dio 1 derivative), 

OH OH 

X I 0 

B. X= N-CH(CH3)2: 1,1 ¢-[(1-methylethyl)imino ]bis[3-(naphthalen-1-yloxy)propan-2-ol] 

(tertiary amine derivative), 

C. X= 0: 1,1¢-oxybis[3-(naphthalen-1-yloxy)propan-2-ol] (his-ether derivative). 

Toxic effect: 

Toxic effects have been associated with plasma concentration greater than 2 mg/L 

and fatalities with concentrations greater than 4 rng/L. 
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Clwpler 3: 

Dose: 

Orally, 20 mg to 2 gm daily, in divided doses; the initial dose should not exceed 40 

mg; by slow intravenous injection, 3 to 10 mg. 

Bioavailability: 

10 to 50 % (mean 30) 

Half life: 

Plasma half life, 3 to 6 hours (dose dependent elimination has been reported). 

Protein binding: 

In plasma, about 90 % 

Distribution in blood/plasma: 

whole blood ratio, about 1.3. 

Volume of distribution: 

About 4L/kg. 

A. max: 

Aqueous acid 288 

Methanol 290 

Adverse effect: 

Bradicardia, congestive heart failure, hypotension, arterial insufficiency, 

paresthesia of hands, lassitude, mental depression manifested by insomnia, weakness, 

epigastric distress, constipation, mesenteric arterial thrombosis, and ischemic colitis. 

3.2.2 Rationale of selecting propranolol hydrochloride as the drug of choice: 

Rationale of choosing propranolol hydrochloride as the drug of choice lies on it's 

low plasma half life (3-6 hours) and poor oral bioavailability (10% - 50%) 6• Extensive 

literature survey dictates a common suggestion on the characteristics of the drug molecule 

that has low dose to reach peak plasma concentration is the suitable one for incorporation 

into a transdermal device. Further the drug that has both lipid and water solubility is 

preferable for transdermal delivery, than that of either lipid or water solubility 8
•
9

•
10

• 

Another foremost criterion of selecting a drug is the indications for which it is used. The 

drug that is demanded to control over the ailment through out the day or even more than a 

day is the right candidate to be administered transdermally for prolong duration. Most 

importantly, drugs for longer therapy must be administered through any novel drug 

delivery system wherein the rate of drug release from the system is controlled and 

prolonged. Here, transdermal patches can suitably play the role of novel drug delivery 
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system in terms of prolonging drug release, easy application and withdrawal, avoiding 

frequent oral doses. Propranolol hydrochloride is used as antihypertensive and the elderly 

and obese patients often need a regular, longer therapy of the drug. Propranolol 

hydrochloride poses all the above mentioned properties for which it can be selected as the 

drug of choice for incorporation into transdermal patches. 
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EXCIPIENTS PROFILE 

4.1 Polymers used in transdermal formulations: 

4.1.1 Introduction: 

Polymer is a substance composed of molecular groups which have long sequences of 

one or more species of atoms linked to each other by primacy, usually covalent bonds. The 

emphasis upon substances in this definition is to highlight that although the words polymer 

and macromolecules of which the former is composed 1
• Macromolecules are formed by 

1inking together monomer molecules through chemical reactions, the process by which this is 

achieved being known as polymerization. 

Eg. Polymerization of ethylene is yields polyethylene. 

Polymer is a generic term used to describe a very long molecule consisting of 

structural units and repeating units connected by covalent chemical bonds. The term is 

derived from the Greek word "polys" means many and "meros" means parts. The key feature 

that distinguishes polymers from other molecules is the repetition ofmany identical, similar, 

or complementary molecular subunits in these chains. 

Branched polymers have side chains, or branches, of significant length which are 

bonded to the main chain at branch points (also known as junction points), and are 

characterized by their crosslink density or degree of cross linking, which is related directly to 

the number of junction points per unit volume and are characterized in terms of the number 

and size ofthe branches. 

Network polymers have three dimensional structures in which each chain is connected 

to all other by a sequence of junction points and other chains. Such polymers are called as 

cross linked and characterized by their crosslink density or degree of cross linking, which is 

related directly to the number of junction points per unit volume. 
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Structures: 

The definition of macromolecules implies that they have a linear skeletal structure 

which may be represented by a chain with two ends. There are also many with non linear 

skeletal structures ofthe type shown below 

Linear Branched 

Network 
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Non linear polymer may be formed by polymerization, or can be prepared by linking 

together (i.e. crosslinking) pre-existing chains. 

Homopolymers: 

Homopolymer is a polymer derived from one species of monomer 2 • 

Hypothetically homopolymer can be represented by: 

1\---J\---i\---J\---i\---J\---1\---~J\--~ 

(Homopolymer) 

Where, n is the number of repeat unit linked together to form the macromolecule. 

Eg. Ethylene, propylene, styrene, methyl methacrylate, vinyl chloride, vinyl acetate, ethylene 

glycol, tetrafluoroethylene. 

Co-polymer: 

Co- polymer is a polymer derived from more than one species of monomer. 

Statistical Co-polymers 2: 

Statistical co-polymers are co-polymers in which the sequential distribution of the 

repeat units obeys known statistical Jaws (eg.Markovian). 

Random co-polymers: 

Random co-polymers are special type of statistical co-polymers in which the 

distribution of repeat units is truly random. A section of a truly random co-polymer is 

represented below. 

~ 13---13---13---J\---13---13---1\---~ 
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Alternating co-polymers: 

Alternating co-polymers have only two different types of repeat units and these are 

arranged alternatively along the polymer chain. 

~ A---13---A---13---A---13---A--~ 

Block co-polymers: 

13lock co-polymers are linear co-polymers in which the repeat units exist only long 

sequences, or block of the same type. Two common block co-polymers are shown below. 

---A---A---A---A---A---A---A---A---A---13---13---13---13---13---13---Il---13---13---

Graft co-polymers: 

Graft co-polymers are branched polymers in which the branches have a different 

chemical structure to that of the main chain. In their simplest form consist of a main 

homopolymer chain with branches of a different homoco-polymer. 

13---13---13---13---13---13---13---13---13---

13 

---A---A---A---1\---A---A---A---A---A---A---A---A---A---A---A---A---A---A---A---A---A---
A---A---A---A---A l 

13 

I 
13---13---13---13---13---13---13---13---13---
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Classification of polymers: 

Polymers 

Thermoplastics 

Crystalline Amorphous 

4.1.2 Polymers used under study: 

4.1.2.1 Ethyl cellulose (EC) 3'
4

: 

Elastomers Thermosets 

The grade of ethyl cellulose used in the study has got viscosity range 18-22 cp and 

ethoxy content 48.49 %. 

It is ethyl ether of cellulose and contains 44 and 51 % ethoxy group. It is prepared by 

reacting ethyl chloride with alkaline cellulose. The -OH group of glucose is ethoxylated to 

form ethyl cellulose. 

H H 

Structure of ethyl cellulose 

C.lt, 

0 

cu 

0 
l 

CJL 
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Description: 

It is a white or pale yellow, odorless, tasteless granular powder. Ethoxyl content of 

ethyl cellulose for pharmaceutical purpose is 48 to 49 % and degree of substitution is 2.41 to 

2.51. 

Suitability of ethyl cellulose for controlled release formulation: 

• Availability in a wide range of viscosity or molecular weight grades. 

• Solubility in a variety of organic solvents. 

• Miscibility with various water soluble materials that permit the permeability 

characteristics of matrix film to be readily changed. 

• Cost is compamtively less than other polymer. 

4.1.2.2 Polyvinylpyrrolidone (PVP) 5'
6

: 

Polyvinyl pyrrolidone is a synthetic polymer consisting essentially of linear 1-vinyl-2-

pyrrolidone groups, the degree of polymerization of which results in polymers of various 

molecular weights. The different types of polyvinyl pyrrolidone are characterized by their 

viscosity in aqueous solution, relatively that of water, expressed as a K- value . 

... 
vinyl- pyrrol ido ne poly(vinyl-p yrrolidone) 

Polymerization of polyvinylpyrrolidone 
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Description: 

A white to slightly creamy-white, hygroscopic powder. Freely soluble in water, 

alcohol and in methyl alcohol, slightly soluble in acetone, practically insoluble in ether. 

pH of a 5 % solution in water is between 3.0 and 7.0. In water it has the useful 

property ofNewtonian viscosity. When dry it is a light flaky powder, which readily absorbs 

up to 18 % of its weight of atmospheric water. In solution, it has excellent wetting properties 

and readily forms films. 

Uses: 

The monomer is carcinogenic and is extremely toxic to aquatic life. However the 

polymer PVP in its pure form is so safe that not only it is edible by human but also it is 

as a blood plasma expander for trauma victims after the first half of 20th century. 

It is used as a binder in many pharmaceutical tablets; being completely inert to 

humans, it simply passes through. PVP added to Iodine forms a complex; in solution it is 

known under the trade name Betadine. 

PVP binds to polar molecules exceptionally well, owing to its polarity. This has led to 

its application in coatings for photo-quality ink-jet papers and transparencies, as weH as in 

inks for inkjet printers. 

PVP is also used in personal care products, such as shampoos and toothpastes, in 

paints, and adhesives that have to be moisten, such as old-style postage stamps and envelopes. 

It has also been used in contact lens solutions and in steel-quenching solutions. PVP is the 

basis of the early formulas for hair sprays and hair gels, and still continues to be a component 

of same. As a food additive, PVP is a stabilizer. In molecular biology, PVP can be used as a 

blocking agent during Western blot analysis. 
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4.1.2.3 Hydroxy propyl methyl cellulose (HPMC) 7: 

Hydroxy propyl methyl cellulose is mixed hydroxyl alkyl cellulose ether and may be 

regarded as the propylene glycol ether of methyl cellulose. It is available in many grades. 

Methocel Es, E1s, E4m, Fso, F4m, K10o, K4m, K1Sm• 

Structural formula of hydroxy propyl methylceilulose 

Description: 

It is odorless, tasteless, white or creamy white fibrous or granular powder. Molecular 

weight is approximately 86,000 and the density= 0.25-0.70 gm/cm3 

Viscosity: 

HPMC El5 15 cps (2 %aqueous solution) 

HPMCE4M- 4000 cps (2% aqueous solution) 

HPMCK4M- 4000 cps (2% aqueous solution) 

pH 6.0-8.0 (1 %aqueous solution) 

It is soluble in cold water, insoluble in ether and chloroform, but soluble in mixture of 

methylene chloride and methanol. 
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Uses: 

It is a suspending, viscosity enhancing and film forming agent. K grades are generally 

suitable as film formers, as thickeners HPMC (with its varieties dependent on viscosity and 

proportion between its substituents) is most widely used in matrix tablets and other types of 

controlled release pharmaceutical dosage form, because of its characteristics namely, nontoxic 

nature of polymer and its capacity to incorporate active principles. 

4.1.2.4 Acrycoat 8100 (methacrylic acid copolymer type-B) 8: 

Description: 

Acrycoat SlOO is an anionic co-polymer which confirms to USP/NF, specifications of 

"methacrylic acid copolymer type-B", It is insoluble in acids and pure water, soluble in 

neutral to weakly alkaline medium. 

Use: 

For sustained release and enteric film coating of tablets, pills, pellets, granules, 

powder etc. 

Appearance: 

Acrycoat 8100 films are colourless and transparent, desired color can be given with 

pigments. 

Solubility: 

Insoluble in water, in buffer solution below pH 7 .0, and in natural gastric fluids. 

Soluble in region of intestinal tract, where the fluids are neutral to weakly alkaline and in 

buffer solutions above pH 7.0. 
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Applications: 

1. Enteric coating for resistance to gastric fluid, (to protect active drug from 

influence of acids, prevent irritation of gastric mucosa,) or to delay drug release 

in the intestine, when thick layers are applied. 

2. Enteric coating of tablets, pills, for protecting the drug from surrounding 

environment, particularly air, moisture, light, thus retaining required stability. 

3. Masking unpleasant taste and odour, thus overcoming resistance to drug 

ingestion. 

4. Providing product 'identity' for differentiation of products from manufacturing, 

storage to patient. 

5. Imparting cosmetic elegance to product appearance, masking, any noticeable 

visible differences in tablet core from batch to batch. 

6. Reducing risk of interaction between incompatible ingredients. 

7. Improves mechanical integrity, eliminating possibility of abrasion chipping etc. 

8. Insulating hygroscopic cores. 

9. Isolating porous cores. 

10. Extending and improving keeping properties. 

11. As a binder of film former in the manufacture of porous matrix tablets (wet 

granulation) with delayed release of the active substance. 

Advantages: 

• Option of solvent or semi aqueous media. 

• Less quantity required, reducing volume of solution, so shortening production 

time. 

• Stability over a broad temperature range. 
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• Exhibits excellent color value. 

• Marginal weight gain in tablets. 

• Hydrophobic. 

Specifications: 

Appearance: White, fine, free flowing powder. 

Odour :Weakly aromatic. 

Content : Min. 95 % dry polymer. 

Acid value : 180- 200 mg KOH/l:>m dr;'y substance. 

Solubility :Isopropyl alcohol, acetone, methanol, ethanol, methanol/water etc. 

Toxicity: 

Acrycoat SIOO is a high molecular weight polymer. It is not absorbed by the body 

tissue and is totaHy safe for human oral consumption. Test for toxicological tolerance show 

that it does not have pronounced physiological action and is non-toxic. 

Grades: 

ACRYCOAT SIOO - Powderforrn. 

ACRYCOAT Sl2.5- Containing 12.5% dry polymer in isopropanol solutions. 

Plasticizer: 

Acrycoat S 100 films are brittle and to improve film elasticity, use of plasticizer is 

strongly recommended. The recommended plasticizers are poly-ethylene glycol, dibutyl 

phthalate, castor oil, diethyl phthalate, triacetin, triethyl citrate etc. usually 1 0 % of plasticizer 

will be sufficient, but if necessary, can be increased to 25 %. 
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Storage: 

At low temperature below 40°C in closed container to protect from moisture. 

Shelf life: 

Minimum 5 years from manufacturing date. 

4.1.2.5 Polyvinyialcohol (PVA) (C2H40) n 
5
•
9

: 

It is obtained by polymerization of vinyl acetate followed by partial or complete 

hydro lysis of polyvinyl acetate in the presence of catalytic amounts of alkali or mineral acids. 

Various grades are available and they differ in their degree of polymerization and their degree 

of hydrolysis, which determine the physical properties of the different grades. They are 

characterized by the viscosity and the ester value of the substance. The viscosity is 3 to 70 

millipascal seconds. The ester value, which characterizes the degree of hydrolysis, is not 

greater than 280. 

PoJyviny! alcohol occurs as a yellowish white powder or transparent granules; soluble 

in water, slightly soluble in dehydrated alcohol; practically insoluble in acetone. 

Uses: 

Polyvinyl alcohol is a non-tome surfactant that is used in phannaceuticai 

manufacturing as a stabilizing agent and as a viscosity increasing agent and lubricant. 

Polyvinyl alcohol has also been used in the preparation of gels that dry rapidly when 

applied to the skin to form a soJub]e plastic film. 
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4.2 Other chemicals used during the study: 

4.2.1 Dibutyl phthalate 10
: 

0 ==--==:::( 

HO 

1,2 benzenedicarboxylic acid 

Chemical structure of 1, 2- benzenedicarboxylic acid (Dibutyl phthalate) 

Description: 

A clear, oily, colorless or very slightly yellow liquid. Practically insoluble in water, 

miscible with alcohol and ether. 

Uses: 

It is used as plasticizer. 

It is also used as solvent. 

4.2.2 Ethanol 11
: 

H OH 

I I 
H-C-C-H 

I I 
H H 

Structure of ethanol 
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Ethanol is central depressant. 

Synonym: 

Alcohol 

Chemical formula: 

CH3CH20H 

Description: 

Ethano] is a clear colorless, mobile, volatile, readily flammable, hygroscopic liquid. 

Ethanol (96 %) boils at about 78°C. It is miscible with water, chloroform and ether. 

Half life: 

Plasma half life is dose dependent. 

Volume of distribution: 

About 0.6 L!Kg. 

Distribution in blood/ plasma: 

Whole blood ratio, 1 : 2 

Protein binding: 

In plasma, not significantly bound. 

Dissociation constant: 
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ANALYTICAL TECHNIQUES AND PREFORMULATION STUDIES OF 
TRANSDERMALPATCHES 

5.1 Analysis of the drug and excipients used under study: 

5.1.1 Assay of propranolol hydrochloride 1
: 

Accurately weighed 250.3 mg of propanolol hydrochloride was dissolved in 25"0 ml 

of ethanol (95 %) and titrated with OJ M sodium hydroxide and the end point was determined 

potentiometrically, measuring the volume 

inflexion" 

titrant required between 

After titration, the titer value was found to be 8.86 for drug 

Titer value was found to be 0.66 ml for the blank sample (Blank). 

sample taken was 250.3 mg ('IN)" 

Actual molarity 0.1 M NaOH was found to be 0.1022 (C)" 

on was found to gm (LOD). 

of 1 M sodium hydroxide is equivalent to 29.58 

""'""n•nn to the following formula 2 

-Blank) x C X JOQ 

%Purity= ···--~-------- 100 

w X 0.1 X (100 ·--· LOD) 

29.58 X 0.1022 >< 100 

Purity""' ------------------ x l 00 

250.3 X 0.1 X 99.88 

;;:: 99.15% 

The percent purity of propranolol hydrochloride was found to be 99.15 (w/v). 

two 
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5.1.2 Preparation of standard curve of propranolol hydrochloride using UV -Visible 

spectrophotometric method: 

Preparation of phosphate buffer solution (pH 7.4): 

50.0 ml of 0.2 M potassium dihydrogen phosphate was placed in a 200 ml volumetric 

flask, and then 39J ml of0.2 M sodium hydroxide was added. Finally the volume was made 

up to 200 ml with distilled water. The pH ofthe resultant solution was found to be 

checked by calibrated digital pH meter (Orion, 420 A+). 

Preparation of primary stock solution: 

Accurately weighed 100 mg of propranolol hydrochloride was dissolved 1 

nm;onate buffer (pH 7A). The solution a drug concentration 1000 

1 0 primary solution was pipetted out and made up to with 

phosphate buffer pH to give a concentration 1 00 ~-tg/mL 

Sample solution: 

From the secondary solution 1 2 ml, 3 ml, 4 ml, 5 ml, 6 ml, 7 ml, 8 mi, 9 

and 10 ml, was pipetted out in to individual volumetric flask of 10 ml and the volume was 

made up to 10 ml with phosphate buffer pH The absorbance was measured at 290 nm 

using UV-Visible spectrophotometer (Shimadzu, UV -1 700 (E) 23 OCE) against phosphate 

buffer pH 7.4 as blank. 
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Table 5.1: Spectrophotometric absorbance of propranolol hydrochloride at different 

concentrations: 

Concentration of propranolol hydrochloride (f.tg/ml) I Absorbance at 290 nm 
-· -···- ---·- ·- ------· 

10 0.173 

20 0.362 

30 0.547 

40 0.717 
,-~-------------··----·-·· --------~-

50 0.915 

60 1.086 

70 1.29 

80 1.441 

90 1.621 

100 J 1.806 

.---~·------~----------------------------, 

Calibration cmve of propranolol hydrochloride 

2 

1.8 

y = 0.0181x + 0.0001 

R 2 = 0.9997 

e 1.6 = Q 1.4 0\ 
N -1.2 
e:l 

~ 1 

~ 0.8 
!., 

i 0.6 
,Q 

~ 0.4 

0.2 

0 

0 20 40 60 80 100 120 

Concentration (Jlg/ml) 

Figure 5.1: Standard curve of propranolol hydrochloride in phosphate buffer pH 7.4: 
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5.1.3 Preparation of calibration curve of propranolol hydrochloride in plasma using 

HPLC method 3
'
4

'
5

: 

The quantitative determination of propranolol hydrochloride was performed by High 

Performance Liquid Chromatography (HPLC). A gradient HPLC (Shimadzu) equipped with a 

pump (LC20AT), a detector (FPD20 A) and a column (C-18) was used to prepare the 

calibration curve of propranolol hydrochloride in rabbit plasma. 

Preparation of phosphate buffir solution (pH 

136 mg of potassium dihydrogen phosphate (HPLC grade) was taken a 

volumetric flask and dissolved by addition of HPLC grade distilled water up to 500 ml to 

make the concentration 20 mM. pH resuitant was tbund to when 

checked 

Preparation ofmobile 

Mobile phase was prepared 

75:25. 

sample .. · 

The drug free plasma (10 ml) ofhealthy rabbit (Orytolagus cunniculus) was taken in a 

test tube and to it accurately weighed 1 mg ofthe drug (propranolol hydrochloride) was added 

which gave a concentration of 100 !J.g/mL An aliquot (1 ml) from the mixture of plasma and 

drug was measured into a glass tube with a teflon-lined cap, followed by the addition of 0.2 

ml of 0 .l M sodium hydroxide and 2 of ethyl acetate. mixture was vortexed for 5 

minutes and centrifuged for 10 minutes at 3000 rpm. The ethyl acetate extract (organic layer) 

was transferred to a glass tube with a teflon-lined cap. The aqueous portion was extracted 

with another 2 ml of ethyl acetate and centrifuged. The second portion of the ethyl acetate 

extract was added to the first portion of ethyl acetate extract and evaporated to dryness under 

vacuum. 
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Preparation of calibration curve of propranolol hydrochloride.· 

The dry ethyl acetate extract was reconstituted with 100 ml of HPLC grade distilled 

water which gave a concentration of 1 J.tg/mL From this 1 ml, 1.5 ml, 2 ml, 2.5 ml was taken 

into individual volumetric flask and the volume was made up to 100 ml with HPLC grade 

distilled water. The resultant samples were then pumped at the flow rate of 1 ml/min. The 

eluents were monitored at 290 nm, the data was acquired, stored and analysied using the 

software "ClassO-VP series version 5.03 (shimadzu)". The peak area of propranolol 

hydrochloride was determined and this was used to find the plasma concentration 

propranolol hydrochloride from the regression equation obtained 

calibration curve. The calibration curve was obtained by spiking 

layer amount propranolol hydrochloride (0-25 nglml). 

observed from the graph 

(r= 

a 

was 
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Table 5.2: HPLC peak areas of propranolol hydrochloride in different concentrations in 

rabbit plasma: 

Concentration of propranolol Peak area (mV) at 290 nm 

hydrochloride (ng/ml) 

0 0 

10 42.41 
-- ·---

15 65.72 

20 90.412 
1---~--

25 112.1 

y = 4&518x- 1.1233 

R~ = 0.9992 
120 

= 100 

= = 80 0\ 
N -~ - 60 > s -~ 40 
Q,;l ... 
~ 

~ 20 
~ 
~ 
~ 

0 

30 
-20 

Concentration (ng/ml) 

Figure 5.2: Calibration curve of propranolol hydrochloride in rabbit plasma: 
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5.1.4 Drug-polymer interaction study 6'
7

: 

The polymers used under study along with the drug were examined for any drug

polymer interaction using FT -IR spectrophotometer (Shimadzu, 8400S, Japan) at the scanning 

range of 400-4000 cm-1 and at the resolution of 1 cm-1
• Small amount of finely grounded solid 

drug sample was intimately mixed with potassium bromide in a ratio of about 1 :100. The 

finely ground mixture was then passed under very high pressure in the KBr press (at least 

25000 psi) to form a small pellet (about 1-2 mm thick and 1 em in diameter). The resultant 

pellet was transparent to IR radiation and was then run as such in the FT -IR instrument. Same 

procedure was followed for the drug-polymer mixture sample which was also run as such in 

the FT -IR instrument. The spectrum of the pure drug sample and the spectrum of drug

polymer mixture were then analyzed and compared using IR solution software provided with 

instrument. 
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FR_CPFNGLCL 1/cm 

Figure FT-IR spectrum of propranolol hydrochloride: 
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Figure 5.4: FT -IR spectrum of propranolol hydrochloride with ethyl cellulose and 

polyvinylpyrrolidone: 
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FT -IR spectrum of propranolol bydrocblo:ride with ethyl cellulose and 

hydroxypropryl methyl cellulose: 
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Figure 5.6: FT-IR spectrum ofpropranolol hydrochloride with acrycoat S 100 and 

hyd roxypropryl methyl cellulose: 
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1/cm 

Figure 5.7: FT-IR spectrum of propranolol hydrochloride with acrycoat S 100 and 

polyvinyl pyrrolidone: 
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5.2 Initial formulation optimization: 

Initial matrix diffusion controlled transdermal patches were prepared by employing 

two different materials in respect to impermeable backing support and moulds. According to 

approach 1, both side open glass moulds were used to form drug-polymer layer onto 

previously prepared backing membrane by using aluminium foil as the impermeable backing, 

whereas in approach 2, in place of glass moulds, glass bangles were used onto mercury which 

was placed in petridishes to act as the impermeable backing for the drug-polymer matrix. 

Approach 1 8
•
9

•
10

'
11

: 

Both side opened glass cylinder of even diameter of 2.8 em were wrapped 

aluminium foil to dose from one side. A weighed amount of polyvinyl alcohol (PV A) (4% 

was added to a requisite warm distilled wateL A homogeneous solution was 

constant stirring intermittent heating at 60°C on a magnetic stirrer for about five 

backing membrane was prepared by solvent evaporation method. Care was 

taken to prevent the entrapment of air bubbles into the solution during stirring. The 

homogeneous solution was then poured (2 ml in each mould) into previously aluminium foil 

wrapped moulds. The moulds were then kept in dryer at 60°C ± for 6 hours to get 

transparent backing membrane. Matrix type transdermal patches containing 

propranolol hydrochloride were prepared using different ratios (Table 5.3, 5A, 5.5 and 5.6) 

ethyl cellulose (EC) with polyvinyl pyrrolidone (PVP), hydroxypropyl methyl cellulose 

(HPMC) with acrycoat S 100, ethyl cellulose with hydroxypropyl methyl ceUulos and 

polyvinyl pyrrolidone with acrycoat SlOO, in four combinations by solvent evaporation 

technique onto the PV A backing membrane prepared earlier. The two polymers in each 

combination were weighed in requisite ratio and were dissolved in ethanoL The ratios ofthe 

polymers were varied for aU the formulations keeping the total weight fixed at 500 mg. 

Dibutyl phthalate 30 % w/w of polymer composition was added as plasticizer. Propranolol 

hydrochloride at a concentration of 20 % w/w of polymer was added and stirred in a 

mechanical stirrer for 15 minutes to get a homogeneous dispersion. The dispersion (2 ml) was 

cast on the prepared PV A backing membrane in each mould. The rate of evaporation was 

controlled by inverting a funnel over the mould and dried at 40°C for 6 hours. After drying 

they were kept in desiccator for further study. 
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Approach 2 12
'
13

•
14

: 

Mercury was taken on petridish in such a way to fill half of it. Bangles (1 0.8 em 

diameter) made up of glass were then placed onto the mercury surface. Different ratios (Table 

5.3, 5.4, 5.5 and 5.6) of ethyl cellulose (EC), polyvinyl pyrrolidone (PVP), hydroxypropyl 

methyl cellulose (HPMC) and acrycoat SlOO in four combinations were taken in the same 

way mentioned in Approach 1. The two polymers in each combination were weighed in 

requisite ratio and were dissolved in ethanoL The ratios the polymers were varied for an 

the formulations keeping the total weight fixed at 500 mg. Dibutyl phthalate 30 % w/w of 

polymer composition was added as plasticizer. Propranolol hydrochloride at a concentration 

of20% w/w ofpolymer was added and stirred in a mechanical stirrer for 15 minutes to get a 

homogeneous dispersion. The dispersion (1 0 each) was cast on the mercury surface 

surrounded by bangles. The petridishes were then dried at room temperature for hours. 

drying they were carefully and desiccator further study. 
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Table 5.3: Formulation oftransdermal patches of propranolol hydrochloride using ethyl 

cellulose and polyvinylpyrrolidone: 

Sl. Formulation code Ratio of Total Ethanol Plasticizer Drug 

No. EC:PVP weight of (ml) (% w/w) (mg) 
Using Using 

polymer oftotal 
aluminium mercury 

foil (FXm) 
(mg) weight of 

I 

(FXa) 
polymer 

1 Fxla Fxlm 1:2 500 10 30 100 

Fx2a Fx2m 1:4 500 10 30 100 
'} Fx3a !=.'v1rn 1:6 500 10 30 100 ,,} lL .t:!...J ..l_!.j_ 

4 Fx4a F'x4m 1:8 500 10 30 100 

5 Fx5a Fx5m 1:10 500 10 30 100 

6 Fx6a Fx6m lO:l 500 10 30 100 

7 Fx7m 8:1 500 10 30 100 

8 Fx8a Fx8m l 500 10 100 

9 Fx9a Fx9m 4:1 500 10 100 

10 Oa FxlOm 2:1 500 10 30 100 
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Table 5.4: Formulation oftransdermal patches of propranolol hydrochloride using 

hydroxypropyl methyl cellulose and acrycoat SlOO: 

Sl. Formulation code Ratio of Total Ethanol Plasticizer 

No. HPM C:Acrycoat weight (ml) (% w/w) 
Using Using 

SlOO of oftotal 
aluminium mercury 

foil (FYm) 
polymer weight of 

(mg) polymer 

1 Fyll 1:2 10 

2 Fy12a Fyl 1:4 500 10 

3 Fy13a Fyl 1:6 500 10 

4 Fyl4a Fyl4m I :8 500 10 30 

5 I :10 500 10 

6 6a 6m 10:1 500 10 

7 7a 8:1 500 30 

8 Fyl8a Fy18m 6:1 500 10 30 

9 9a 9m 4:1 500 10 30 

10 Fy20a Fy20m 2:1 500 10 30 

1351 
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(mg) 

100 

100 

100 

100 

100 

100 

100 

100 
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Table 5.5: Formulation oftransdermal patches of propranolol hydrochloride using ethyl 

cellulose and hydroxypropyl methyl cellulose: 

Sl. Formulation code Ratio of Total Ethanol Plasticizer Drug 

No. EC:HPMC weight of (ml) (% w/w) (mg) 
Using Using 

polymer of total 
aluminium mercury 

(mg) weight of 

polymer 

10 30 100 

2 Fz22a Fz22m 10 30 100 

3 Fz23a Fz23m 1:6 500 10 100 

4 Fz24a Fz24m 1:8 500 10 30 100 

Fz25a 1:10 500 10 100 

6 Fz26a Fz26m 10:1 500 10 100 

7 Fz27a Fz27m 8:1 500 10 30 100 

8 Fz28a Fz28m 6:1 500 10 100 

9 Fz29a Fz29m 4:1 500 10 30 100 

10 Fz30m 2:1 500 10 30 100 
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Table 5.6: Formulation oftransdermal patches of propranolol hydrochloride using 

polyvinylpyrrolidone and acrycoat SlOO: 

Sl. Formulation code Ratio of Total Ethanol 

No. Using Using PVP:Acrycoat weight (ml) (1% w/w) 

aluminium mercury SlOO of oftotal 

foil (FVm) polymer weight of 

(mg) polymer 

1 1:2 500 10 30 

2 1:4 500 10 30 

3 Fv33a Fv33m 1:6 500 10 30 

4 Fv34a Fv34m l :8 500 10 

5 Fv35m 1:10 500 10 

6 Fv36a Fv36m 10 

7 Fv37a Fv37m 8:1 500 10 30 

8 Fv38a Fv38m 6:1 500 10 30 

9 Fv39m 500 10 30 

10 Fv40a Fv40m 2:1 500 10 30 

1371 

(mg) 

100 

100 

1 

100 

100 

100 

100 

100 

100 
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5.3 Preliminary evaluation ofthe formulated patches: 

5.3.1 Physical appearance: 

The physical appearance of the patches was studied by visual inspection in respect to 

their clarity, smoothness, elasticity and complete removal from glass moulds and from 

mercury surface. 

5.3.2 Thickness 15
•
16

: 

For measuring thickness uniformity the transdermal patches, micrometer 

(Mitutoyo) with least count of 0-0.01 mm was used. The thickness of the patch at five 

different points was measured and the average of five readings with the standard deviation 

was calculated. The same procedure was followed for aU the formulation batches. 

5.3.3 Weight variation 

test provides a means 

batch as wen as batch to batch. 

with sensitivity ofO.OOl mg. 

5.3.4 Folding endurance 

measuring uniformity in terms the weight within a 

weight each patch was taken using single pan balance 

The folding endurance was measured manually for the prepared patches. The patches 

were repeatedly folded at the same place till it broke. The number oftimes the patches could 

be folded at the same place without breaking gave the exact value of folding endurance. 

5.3.5 Percent flatness study 19
: 

Longitudinal strips were cut out from each transdermal patch, one from the centre and 

two from the either side. The length of each strip was measured and the variation in the length 

because of non-uniformity in flatness was measured by determining % constriction, 

considering 0 % constriction is equivalent to 100 % flatness. 

h-h 
% constriction= ---- x 1 00 Where, h = initial length of each strip, 

h = final length of each strip. 
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5.4 Results and discussion: 

5.4.1 Results of the analysis of drug and interaction with polymers: 

The percentage purity of propranolol hydrochloride as determined by potentiometric 

method was found to be 99.15 %. Standard curve of propranolol hydrochloride prepared by 

spectrophotometric method was found to give good linearity with a high correlation 

coefficient (r = 0.9997), when the absorbances were plotted against their respective 

concentrations (fable 5J and figure 5J ). Calibration curve propranolol hydrochloride in 

rabbit plasma prepared by HPLC method was also found to have good 

peak areas and the known concentrations of the drug. A good linearity was 

concentrations are plotted against the respective peak areas and a high 

(r = 0.9992) was evidenced (Table 5.2 and figure 5.2). The FT-IR spectrum 

hydrochloride at 

Another peak found at 3281.99 

displayed a 

1267.27 peak found at 797 59 presence 

between the 

at 

naphthalene. The FT -IR spectra propranolol 

polymers 

along with different 

hydroxypropyl methyl ceHulose and 

acrycoat 00) showed a broadening peaks at 3283 em- frequency, which is due to 

"7'"~>'""'0''" bonding SA to 5 Major frequencies offunctionai groups ofthe 

pure drug found to remain intact when the FT-IR spectra ofthe drug- polymer combination 

were analyzed; hence, it can be concluded that 

and the polymers used under study. 

is no major interaction between the drug 

5.4.2 Results ofthe formulation optimization and evaluation: 

Propranolol hydrochloride loaded transdermal patches were found to show variable 

results when subjected to different evaluation parameters. Almost all the formulations 

prepared by aluminium foil method were satisfactory in respect to their apparent flexibility, 

smoothness and transparency. Formulations were even easier to remove from the glass block. 

Whereas formulations prepared by using mercury surface were neither fully transparent nor 

easy to remove from the petridishes. Tedious removal may be due to uneven thickness ofthe 

patches because of wavy surface of the mercury resulted in tampering of the patches. The 
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physical appearances ofthe prepared patches are presented in table 5.7, 5.8, 5.9 and 5.10. 

Formulations containing ethyl cellulose and polyvinyl pyrrolidone (FXa and FXm) (Table 

5 .11) have shown better thickness uniformity in comparison to the patches containing 

acrycoat SlOO and polyvinyl pyrrolidone (FVa and FVm) (Table 5.14). Similarly 

formulations containing ethyl cellulose and hydroxypropyl methyl cellulose (FZa and FZm) 

(Table 5.13) have shown less standard deviation in comparison to the formulations FYa and 

FYm containing hydroxypropyl methyl cellulose and acrycoat SlOO (Table 5.12). 

Weight variation study of the formulated patches revealed that the patches containing 

ethyl cellulose and polyvinylpyrrolidone in the formulations FXa and FXm (Table 5.15) have 

low standard deviation than the patches containing acrycoat SlOO and polyvinylpyrrolidone 

in the formulations FVa and FVm (Table 5.18). Similarly, formulations FZa and FZm (Table 

5J showed less weight variation than the formulations FYa and FYm (Table 

Formulations FXa, FXrn, FZa and FZm have shown better result when subjected to folding 

endurance study comparison to the formulations FVa, FVm, FYa and FYm (Table 5.19, 

520, 5.21 and 5.22). Almost all the formulations prepared by using aluminium foil as the 

backing have shown optimum flatness and zero percent constriction whereas formulations 

prepared on mercury backing shown little amount of constriction (Table 5 , 5 24, 5 

and 5.26). 

From the results of various physical evaluations conducted on the formulated 

transderma] patches it is revealed that ethyl cellulose containing patches are better than the 

patches containing acrycoat SlOO. So, for designing of final formulation and their in vitro and 

in vivo study ethy1 cellulose, polyvinylpyrrolidone and hydroxypropyl methyl cellulose were 

selected as polymers to prepare matrix diffusion controlled transdermal patches. Moreover the 

method in which aluminium foil was used to prepare backing membrane has been found more 

convenient and reproducible than the method where mercury was used as substrate. Hence the 

Approach I i.e. using aluminium foil has been followed in the designing offinal formulation. 
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Table 5.7: Physical appearance of the patches containing EC and PVP: 

Formulation Observation Formulation code Observation 
code 

Fxla Fxlm 

Fx2a Fx2m 

Fx3a Patches were Fx3m Patches were 

Fx4a 
translucent, flexible, 

Fx4m 
translucent, flexible, 

smooth, easily smooth; removal from 
Fx5a removed from the Fx5m the mercury surface 

Fx6a mould Fx6m 
was tedious. 

Fx7a Fx7m 

Fx8a Fx8m 

Fx9a 

FxlOm 

Table 5.8: Physical appearance ofthe patches containing HPMC and acrycoat SlOO: 

~ 
Formulation~--- observation-· ·1 Formulatio• code Observation 

--1 

code I I 

1 Fylla Fyl1m 

I 
Fyl2a l Fyl2m 

I Fyl3a I Patches were clear, Fy13m Patches were dear, 

I 
j 

Fy14a I transparent, flexible, 
Fyl4m 

transparent, flexible, 

I 
I 

smooth, easily smooth, removal from 
I Fyl5a removed from the Fyl5m the mercury surface 
I Fyl6a mould 

Fyl6m 
was tedious. 

Fy17a Fyl7m 

Fy18a Fyl8m 

Fy19a Fy19rn 

Fy20a Fy20rn 
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Table 5.9: Physical appearance ofthe patches containing EC and HPMC: 

--
Formulation Observation Formulation code Observation 

eo do 

Fz21a Fz21m 

Fz22a Fz22m 

Fz23a Patches were semi Fz23m Patches were semi 

Fz24a 
dear, translucent, 

Fz24m 
clear, translucent, 

flexible, smooth, flexible, and smooth; 
Fz25a easily removed from Fz25m removal from the 

Fz26a the mould F'z26m mercury surface was 
tedious. 

Fz27a Fz27m 

Fz28a Fz28m 

Fz29a Fz29m 

Fz30a f_~3orn ---~--"--·····~~--- -·-- ·-~-- ""-"-""'"- -------- -·----- ·-·-· --

Table 5.10: Physical appearance ofthe patches containing PVP and acrycoat S100: 

Fo 1ulation Observation Formulation code Observation 
code 

Fv3la Fv3lm 

Fv32a Fv32m 

Fv33a Patches were clear, Fv33m Patches were clear, 

Fv34a transparent, less 

I 
Fv34m 

transparent, less 
I flexible, smooth, flexible, and smooth; 

Fv35a easily removed from Fv35m removal from the 
I 

I the mould mercury surface was Fv36a Fv36m 
tedious. 

Fv37a Fv37m 

Fv38a Fv38m 

Fv39a Fv39m 

Fv40a Fv40m -
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Table 5.11: Thickness ofthe patches containing EC and PVP: 

Formulation Thickness* (em) Formulation Thickness* (em) 
code (.!:S.D.) code (.!:S.D.) 

Fxla 0.00198 ± 0.00033666 Fxlm 0.00168 ± 0.00010954 

Fx2a 0.00206 ± 0.00017310 Fx2m 0.00172 ± 0.00032442 

Fx3a 0.00168 ± 0.00010954 Fx3m 0.00178 ± 0.00033666 

Fx4a 0.00174 ± 0.00039442 Fx4m 0.00164 ± 0.00017310 

Fx5a 0.00146 ± 0.00023666 Fx5m 0.00158 ± 0.00024772 

Fx6a 0.00114 ± 0.00034772 Fx6m 0.00114 ± 0.00010934 

Fx7a 0.00186 ± 0.00039442 Fx7m 0.00164 ± 0.00033654 

Fx8a 0.00174 ± 0.00010934 Fx8m 0.00182 ± 0.00013654 

Fx9a 0.00167 ± 0.00023654 Fx9m 0.00174 ± 0.00023638 

0.00178 ± Om 0.00185 ± 0.00028365 

determination. 

Table Thickness the patches containing HPMC and acrycoat S100: 

r
Foniula_t_i~n -~ Thickness* (em) [ Formulation 

1
~~-,o Thickness* (em) ~ 

::-co-:-d--c-e----+1--,--(d:: S.D.) + cod<P (d: S.D.) 
Fyl1 a 1 0.00194 ± 0.00043654 , Fyllm 

1 

0.00164 ± 0.00047310 

1 
Fyl2a I 0.00204 ± 0.00036782 1

1 

Fyl2m I 0.00158 ± 0.00054772 

I Fyl3a 

1

1 0.00172 ± 0.00041563 Fy13m 0.00174 ± 0.00084218 

I Fyl4a , 0.00167 ± 0.00068733 I Fy14m 0.00198 ± 0.00043815 

. Fyl5a j 0.00157 ± 0.00068547 Fy15m 0.00169 ± 0.00042834 

Fyl6a 0.00135 ± 0.00068721 Fyl6rn 0.00138 ± 0.00032625 

Fyl7a 0.00191 ±0.00084566 Fyl7m 0.00186±0.00064352 

Fyl8a 0.00146 ± 0.00083666 Fy18m j 0.00159 ± 0.00067453 

Fy19a 

1 
0.00193 ± 0.00045386 Fyl9rn 0.00162 ± 0.00045238 

Fy20a ___ __q_:9_9]83 ± 0:0005714~ ___ 1_. _!_y~Om_____ 0.00 l92 ± 0.00062956 
* Average of five determination. 
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Table 5.13: Thickness ofthe patches containing EC and HPMC: 

Formulation Thickness* (em) Formulation Thickness* (em) 
codQ (='=S.D.) code (='=S.D.) 

Fz21a 0.00214 ± 0.00024536 Fz21m 0.00173 ± 0.00028673 

Fz22a 0.00206 ± 0.00035342 Fz22m 0.00197 ± 0.00023987 

Fz23a 0.00176 ± 0.00034967 Fz23m 0.00152 ± 0.00035349 

Fz24a 0.00195 ± 0.00023283 Fz24m 0.00165 ± 0.00028652 

Fz25a 0.00168 ± 0.00032875 Fz25m 0.00174 ± 0.00015568 

Fz26a 0.00157 ± 0.00023241 Fz26m 0.00143 ± 0.00027561 

Fz27a 0.00184 ± 0.00033878 Fz27m 0.00175 ± 0.00032316 

Fz28a 0.00129 ± 0.00014732 Fz28m 0.00161 ± 0.00021 

Fz29a 0.00172 ± 0.00028763 Fz29m 0.00182 ± 0.00014761 

Fz30m 0.00198 ± 0.00023815 

Table 5,14: Thickness ofthe patches containing PVP and acrycoat S100: 

I r----·· ----~-------------r---------~-----·--· ., 
I Formulation 1 Thickness* (em) I F. ormulation I Thickness* (em) 

11

i 
I-- code t (='=S.D.) r code i (='=S.D.) _, 
/ Fv3la 0.00169±0.00042834 I Fv3lm 0.00158±0.00054772 I 
· Fv32a · 0.00188 ± 0.00054327 1

1

· Fv32m I 0.00124 ± 0.00044772 I 
Fv33a 0.00167 ± 0.00043654 

1 

Fv33m I 0.00162 ± 0.00045238 

Fv34a 0.001 ± 0.00064387 Fv34m , 0.001 ± 0.00048352 I . 

' Fv35a 0.00179 ± 0.00047451 Fv35m 0.00159 ::l= 0.00057347 

Fv36a 0.00166 ± 0.00053265 Fv36m 0.00181 ± 0.00088679 

Fv37a 0.00194 ± 0.00045432 Fv37m 0.00137 ± 0.00043756 

Fv38a 0.00147 ± 0.00083264 Fv38m 0.00201 ± 0.00037652 

Fv39a 0.00183 ± 0.00067459 Fv39m 0.00190 ± 0.00063287 

I 
'-------

Fv40a 0.00177 ± 0.00043763 Fv40m 0.00171 ± 0.00047541 
*Average of five determination. 
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Table 5.15: Weight variation data ofthe patches containing EC and PVP: 

Formulation code Weight(gm) Formulation code Weight (gm) 
(::1: S.D.) (::1: S.D.) 

Fxla 0.140 ± 0.0020 Fxlm 0.132 ± 0.0014 
~ 

Fx2a 0.141 ± 0.0018 Fx2m 0.124 ± 0.0015 

I 
Fx3a 0.122 ± 0.0012 Fx3m 0.128 ± 0.0018 

Fx4a 0.125 ± 0.0022 Fx4m 0.127 ± 0.0011 
I Fx5a 0.133 ± 0.0013 Fx5m 0.131 ± 0.0016 I 

Fx6a 0.128 ± 0.0015 Fx6m 0.118 ± 0.0019 

Fx7a 0.125 ± 0.0012 Fx7m 0.122 ± 0.0013 

Fx8a 0.140 ± 0.0018 Fx8m 26 ± 0.0020 

Fx9a 0.138 ± 0.0014 Fx9m 0.125 ± 0.0014 

Oa OJ ± 0.0015 Om ± 0.0012 
~-~ .. ~~··----~~----"~---~ ... 

Table 5.16: Weight variation data ofthe patches containing HPMC and acrycoat SlOO: 

~
------··-----·T····------·---,---; 

--~ormulation ::~~-~ w~~:~~~m) ·-·- I For_m_u_Ia_t_io_n_co_d_e---+--w-~,_!g_:_~D_(--'-~-m-)--1 
Fylla !o.I38 ± 0.0024 t- Fyllm OJ28 ± 0.0032 

I Fyl2a I 0.129 ± 0.0026 Fyl2m 0.122 ± 0.0022 

I Fy13a I 0.127 ± 0.0033 Fyl3m 0.137 ± 0.0053 
I I l Fy14a 1 OJ31 ± 0.0025 Fy14m OJ44 ± 0.0046 

1 Fyl5a l 0.123 ± 0.0034 Fyl5m 0.124 ± 0.0032 

Fyl6a 0.136 ± 0.0025 Fy16m 0.143 :±: 0.0028 

Fyl7a 

Fyl8a 

Fyl9a 

Fy20a 

0.121 ± 0.0036 

0.126 ± 0.0022 

0.147 ± 0.0038 

0.141 ±0.0032 

Fyl7m 

Fyl8m 

Fyl9m 

Fy20m 

0.127 ± 0.0035 

0.139 ± 0.0036 

0.130 ± 0.0028 

0.123 ± 0.0036 
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Table 5.17: Weight variation data ofthe patches containing EC and HPMC: 

Formulation code Weight(gm) Formulation code Weight(gm) 
(='= S.D.) (='=S.D.) 

Fz2la 0.143 ± 0.0020 Fz21m 0.143 ± 0.0022 

Fz22a 0.134 ± 0.0018 Fz22m 0.134 ± 0.0020 

Fz23a 0.131 ± 0.0014 Fz23m 0.131 ± 0.0024 

Fz24a 0.134 ± 0.0016 Fz24m OJ 34 ± 0.0020 

Fz25a 0.126 ± 0.0012 Fz25m 0.126 ± 0.0022 

Fz26a 0.133 ± 0.0018 Fz26m 33 ± 0.0019 

Fz27a 0.126 ± 0.0010 Fz27m 0.126 ± 0.0032 

Fz28a 0.130 ± 0.0020 Fz28m 0.130 ± 0.0024 

± 0.0012 Fz29m OJ ± 0.0026 

Fz30a 0.1 ± 0.0018 Fz30m 0.136 ± 0.0022 
---- -------~--·- ·--~-----~ 

Table 5.18: Weight variation data ofthe patches containing PVP and acrycoat SlOO: 

.Formulation .code ---j -. . Weighf-(gm)~~r Formulation code I Weight (gm) I 
l I 

--------------- (.j. S:.D.) -· ----- - I 
(• S.D.) 

I Fv31a ~ 0.132 ± 0.0024 Fv31m 0.142 ± 0.0022 

Fv32a . 0.128 ± 0.0026 Fv32m I 0.128 ± 0.0026 

I 
I 

Fv33a 0.137 ± 0.0023 Fv33m l 0.135 ± 0.0034 
I Fv34a 

j 

0.142 ± 0.0034 Fv34m I 0.126 ± 0.0032 

Fv35a 0.123 ± 0.0028 Fv35m 

I 
0.133 ± 0.0025 

Fv36a 0.127 ± 0.0032 Fv36m 0.128 ± 0.0030 

Fv37a 0.135 ± 0.0035 Fv37m 0.143 ± 0.0037 

Fv38a 0.120 ± 0.0026 Fv38m 0.116 ± 0.0026 

Fv39a 0.144 ± 0.0030 Fv39m 0.139 ± 0.0032 

Fv40a 0.124 ± 0.0026 Fv40m 0.136 ± 0.0035 
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Table 5.19: Folding endnrance data ofthe patches containing EC and PVP: 

Formulation code Folding Formulation code Folding 
endurance* endurance* 

(±S.D.) (±S.D.) 
Fxla 261 ± 1.2610 Fxlm 192 ± 2.5342 

Fx2a 208 ± 1.4128 Fx2m 178 ± 2.1298 

Fx3a 183 ± 1.3128 Fx3m 175 ± 1.6452 

Fx4a 101 ± 1.2041 Fx4m 169 ± 1.9834 

Fx5a 102 ± 1.3016 Fx5m 121 ± 1.4376 

Fx6a 240 ± 2.0164 Fx6m 223 ± 1.5421 

Fx7a 233 ± 1.0563 Fx7m 201 ± 1.6348 

Fx8a ± 1.0429 Fx8m ± 1A387 

Fx9a 211 ± L1298 Fx9m 168 ± 13872 

FxlOa 163 Fx10m 162 ± 1.4765 
. * Average of five determmat1on . 

Table 5.20: Folding endurance data ofthe patches containing HPMC and acrycoat 
SlOO: 

~-Fo~~ulation code 

I~ Fylla 

/ Fyl2a 

Fyl3a 

Fy14a 

Fy15a 

Fyl6a 

Fy17a 

Fy18a 

Fy19a 

T
---- Folding .,-1 

, endurance* 
(±S.D.) t. 

258 ± 2.7632 

193 ± 2.4398 1 

tss ± 2.5937 I 
I
I 

182 ± 2.9435 

183 ± 2.5654 

200 ± 1.1327 

169 ± 2.1735 

154 ± 2.2388 

162 ± 1.7643 

Fy20a 146 ± 1.9549 
* Average of five determination. 

---------.--
Formulation code 

Fyllm 

Fyl2m 

Fyl3m 

Fyl4m 

Fyl5m 

Fyl6m 

Fyl7m 

Fy18m 

Fy19m 

Fy20m 

Folding 
endurance* 

(±S.D.) 
198 ± 2.2873 

194 ± 2.5461 

189 ± 1.9857 

178 ± 2.9834 

179 ± 2.4376 

227 ± 2.2864 

194 ± 2.2967 

176 ± 1.4387 

175 ± 2.0532 

157 ± 1.2165 

1471: 

I 
I 
I 
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Table 5.21: Folding endurance data ofthe patches containing EC and HPMC: 

Formulation code Folding Formulation code Folding 
o0nduraneo* ondurane<l.l* 

(±S.D.) (±S.D.) 
Fz2la 199 ± 1.7359 Fz2lm 201 ± 2.7369 

Fz22a 193 ± 2.1438 Fz22m 189 ± 2.4285 

Fz23a 167 ± 1.9354 Fz23m 175 ± 1.9438 

Fz24a 171 ± 1.5879 Fz24m 1 ± 1.5283 

Fz25a 163 ± 1.8732 Fz25m 150 ± 1.1028 

Fz26a 238 ± 1.1327 Fz26m 229 ± 1.3817 

Fz27a 212 ± 1.4365 Fz27m 203 ± 1.2071 

Fz28a 196 ± L0341 Fz28m 181 ± 1 

153 ± 1.7643 Fz29m 174±1.3516 

151 ± 1 Fz30m 168 ± 1.5281 
* Average of five determination. 

Table Folding endurance data ofthe patches containing PVP and acrycoat SlOO: 

L
!-Fo-;:-m-ul-at-iou -c-o-de I ,---~e~~:~:::e* ~~ Form_u_l-an-·o_n_c-ode·l~-- enF(~:;~;~)e* ~1 

·-----------+ (±S.D.) ----'----"---
Fv31a 201 ±2.2847 j Fv3lm 212±2.4386 

Fv32a 197 ± 2.4183 Fv32m I 194 ± 2.2935 

Fv33a 200 ± 2.6452 II, Fv33m 1 187 ± 1.9372 
I I Fv34a 

Fv35a 

Fv36a 

Fv37a 

Fv38a 

Fv39a 

Fv40a 

192± 1.9327 

186 ± 2.3182 

235 ± 2.5421 

209 ± 1.8435 

206 ± 2.2761 

163 ± 2.3258 

159 ± 1.6654 
*Average of five determination. 

1 Fv34m I 184 ± 2.4381 

Fv35m 185 ± 2.3874 

Fv36m 

Fv37m 

Fv38m 

Fv39m 

Fv40m 

230 ± 1.1327 

210±2.1735 

197 ± 2.2388 

173 ± 1.7643 

156 ± 2.2435 
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Table 5.23: Percent flatness data ofthe patches containing EC and PVP: 

Formulation code Percent flatness* Formulation code Percent flatness * 

Fxla 100 Fxlm 98 

Fx2a 100 Fx2m 93 

Fx3a 100 Fx3m 97 

Fx4a 100 Fx4m 95 

Fx5a 100 Fx5m 99 

Fx6a 100 Fx6m 94 

Fx7a 100 Fx7m 97 

Fx8a 100 Fx8m 89 

Fx9a Fx9m 91 

FxlOa FxlOm 94 

*Average 

Table Percent flatness data of the patches containing HPMC and acrycoat SlOO: 

Fe 1Jation code Percent flatness* Formulation code Percent flatness * 

Fylla 100 Fyllm 96 

Fy12a 100 Fyl2m 94 

Fy13a 100 Fy13m 89 I Fy14a 100 ' Fy14m I 93 I 

I I I 
I Fyl5a 100 I Fyl5m I toO I I 

I 

Fyl6a 100 I Fyl6m 97 
I 

I 
Fyl7a 100 Fyl7m 96 

Fy18a 100 Fyl8m 98 

Fyl9a 100 Fy19m 92 

Fy20a 100 Fy20m 97 

* Average ofthree determmation. 
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Table 5.25: Percent flatness data of the patches containing EC and HPMC: 

Formulation code Percent flatness* Formulation code Percent 

Fz2la 100 Fz2lm 96 

Fz22a 100 Fz22m 88 

Fz23a 100 Fz23m 92 

Fz24a 100 Fz24m 100 

Fz25a 100 Fz25m 98 

Fz26a 100 Fz26m 87 

Fz27a 100 Fz27m 87 

Fz28a 100 Fz28m 93 

Fz29a 100 Fz29m 

Fz30m 

* 

Table 5.26: Percent flatness data ofthe patches containing PVP and acrycoat SHU): 

Formulation code Percent flatness* Formulation code Percent flatness * 

Fv3la 100 f'v3lm 97 

Fv32a 100 Fv32m 98 

Fv33a 100 Fv33m 92 

Fv34a I 100 I Fv34m 94 I 
I I 

Fv35a I 100 Fv35m 99 

Fv36a 100 Fv36m 88 

Fv37a 100 Fv37m 91 

Fv38a 100 Fv38m 87 

Fv39a 100 Fv39m 94 

Fv40a 100 Fv40m 98 
---* Average of three determmatlon. 
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Chapter 6: Formulation design and preparation of transdermal patches. 

FORMULATION DESIGN AND PREPARATION OF TRANSDERMAL PATCHES 

6.1 Introduction: 

In matrix diffusion type of dosage form, the drug reservoir 1s formed by 

homogeneously dispersing the drug into a hydrophilic or lipophilic polymer matrix and the 

medicated polymer matrix is then molded onto an impermeable backing having a specific 

surface area and controlled thickness 1
•
2

• The simplicity and ease of preparation makes matrix 

diffusion type as the unique and convenient transdermal drug delivery system. Moreover the 

polymer matrix in which the drug is uniformly dispersed acts as the continuous source of the 

drug upon topical administration 3
• Unlike the reservoir type of transdermal patches, matrix 

type transdermal patches do not depend on the release rate controlling membrane. The porous 

membrane which is responsible for allowance of the drug from the patch reservoir to the skin 

layers may sometime hindrance the system by choking the pores by dispersed particles~ 

Whereas matrix type patches ensure uninterrupted drug release from the drug-polymer matrix 

source. 

6.2 Preparation of backing membrane 4: 

The backing membrane was prepared by solvent evaporation method. A weighed 

amount of polyvinyl alcohol (4 % w/w of PV A) was added to a requisite volume of warm 

distilled water. A homogeneous solution was made by constant stirring and intermittent 

heating at 60°C on a magnetic stirrer for about five minutes. Care was taken to prevent the 

entrapment of air bubbles in to the solution during stirring. The homogeneous solution was 

then poured into both side open glass moulds (2 ml in each mould). Moulds were of uniform 

specific diameter and height (2.8 em and 4 ern respectively) and were previously wrapped by 

aluminum foil at one side. The moulds were then kept in dryer at 60°C ± 2°C for 6 hours to 

get uniform, smooth, transparent backing membrane. 

6.3 Incorporation of drug loaded polymer matrix onto the backing membrane 4•
5
•
6

•
7

: 

Matrix type transdermal patches containing propranolol hydrochloride were prepared 

using different ratios of ethyl cellulose (EC), polyvinyl pyrrolidone (PVP) (Table 6.1) and 

ethyl cellulose, hydroxypropyl methyl cellulose (HPMC) (Table 6.2) combination by solvent 
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evaporation technique in cylindrical glass moulds opened from both end. The bottom of the 

mould was wrapped with aluminum foil on which the backing membrane was cast earlier. 

The two polymers in each combination were weighed in requisite ratio and were then 

dissolved in ethanol. The ratios of the polymers were varied for all the formulations keeping 

the total weight fixed at 500 mg. Dibutyl phthalate 30 % w/w of polymer composition was 

added as plasticizer. Propranolol hydrochloride at a concentration of 20 % w/w of polymer 

was added and stirred with a mechanical stirrer for 15 minutes to get a homogeneous 

dispersion. The dispersion (2 ml) was cast on the prepared PV A backing membrane in each 

mould. The rate of evaporation was controlled by inverting a funnel over the mould and dried 

at 40°C for 6 hours. After drying, all the patches were removed from the moulds and were 

kept in desiccator for further study. 
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Table 6.1: Formulation of propranolol hydrochloride transdermal patches containing 

ethyl cellulose and polyvinyl pyrrolidone: 

Sl. Formulation Ratio of Drug Dibutyl Total Ethanol 

No. code polymers (mg) phthalate weight of (ml) 

(EC:PVP) (% w/w of polymers 

polymer) (EC and 

PVP) 

(mg) 

L TTSl 1:2 100 30 500 10 

1-;:;- TTS2 1 .A 1£\{\ 30 500 HI 
£... 1.'-t lVV I ~v 

3. TTS3 I :6 100 30 500 10 ~ 
r-· ---· -- ---·-----

4. TTS4 1:8 100 30 500 10 

30 - 1 - - 500 --5. TTS5 1:10 100 10 

L ------ ---
6. TTS6 10:1 100 30 500 10 

7. TTS7 8:1 100 30 500 10 

8. TTS8 6:1 100 30 500 10 

---
9. TTS9 4:1 100 30 500 10 

10. TTSlO 2:1 100 30 500 10 
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Table 6.2: Formulation of propranolol hydrochloride transdermal patches containing 

ethyl cellulose and hydroxypropyl methyl cellulose: 

Sl. Formulation Ratio of Drug Dibutyl Total Ethanol 

No. code polymers (mg) phthalate weight of (ml) 

(EC:HPMC) (
0/o w/w polymers 

of (EC and 

polymer) HPMC) 

(mg) 
-

1. TDSl 1:2 100 30 500 10 I 
2. TDS2 1:4 100 30 500 10 

----j 

3. TDS3 1:6 100 30 500 10 

4.T-mM) ~ -~ I 

100 30 l-500-----~, --lo-] 
5. TDS5 11:10 . 100 30 I 500 10 . .I 

I 

=~ 6. TDS6 10:1 100 30 500 10 

7. TDS7 8:1 100 30 500 10 

8. TDS8 6:1 100 30 500 10 

9. TDS9 4:1 100 30 500 10 

LO. TDSlO 2:1 100 30 
1 

500 
I 

10 
I 
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PHYSICOCHEMICAL STUDY OF THE TRANSDERMAL PATCHES 

7.1 Experimental: 

7.1.1 Percent moisture content(% MC) 1: 

The patches were weighed individually and kept in a desiccator containing lO gm of 

calcium chloride as desiccant at 37°C for 24 hours. The patches were weighed again and 

again at an interval of2 hours individually until it showed a constant weight. The final weight 

was noted when there was no further change in the weight of individual patch. The percentage 

of moisture content was calculated as the difference between initial and fmal weight with 

respect to final weight. 

-Y 
%MC=----

y 
X 100 Where. X = imtia! weight 

Y = final weight 

7.1.2 Percentage moisture uptake(% MU) 1
: 

The patches were weighed accurately and placed in a desiccator where a humidity 

condition of 75 % RH was maintained by using saturated solution of sodium chloride. The 

patches were taken out and weighed periodically at an interval of 6 hours and for a period of 

72 hours. The percentage of moisture uptake was calculated as the difference between final 

and initial weight ofthe patch with respect to initial weight. 

Y-X 
0/o MU = -----

X 

7.1.3 Tensile strength: 

X 100 Where. X = initiaJ weight 
Y = final weight 

The tensile strength measurement was done using an instrument assembled in the 

laboratory and following the method used by Sadhna et al. 2
• According to the method, the 

films were fixed individually to the assembly where one end of the film was tied with a fixed 

hookl and the other end was fixed with hook2 to which the weight holder was attached. 

When the weight onto the smal1 holder which is attached to the hook2 was increased 
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gradually, the stretching of the film also found to be increased. The required weights to break 

the films were then noted for individual film and were considered as the tensile strength of the 

respective film. 

7 .1.4 Water vapour transmission (WVT) rate: 

For this study glass vials of equal diameter (1.4 mm) were used as transmission cells. 

These cells were washed thoroughly and dried in a woven. The transdennal patch of known 

thickness was fixed over the mouth of the glass vial containing 3 gm of fused calcium 

chloride as a desiccant by using an adhesive. Then the transmission cells were weighed 

accurately and initial weight was recorded. The cells were then kept in a desiccator containing 

saturated solution of potassium chloride (200 ml). The humidity inside the desiccator was 

maintained at 80-90% Rl-!. The cells were taken out periodicaHy at an interval of 4 hours and 

weighed for a period of 72 hours. The water vapour transmission rate values of the 

transdermal patches were calculated by the foB owing formula 3,4. 

WVT rate = WL/ S 

Where, W = water vapour transmitted in gm, 

L =thickness of the transdermal patch in em, 

S = exposed surface area in cm2
. 

7.1.5 Drug content study 5•
6

: 

This test provides the means for measuring the amount of drug that is actually present 

in each transdermal patch formulations. Transdermal patches were taken individually, crushed 

and taken in a 100 ml volumetric flask. The volume was made up to 100 ml with distilled 

water and kept for 48 hours at room temperature with occasional shaking. After 48 hours, 

samples are withdrawn, suitably diluted and analyzed using UV -visible spectrophotometer at 

290 nm for the actual amount of drug present in the patches. 
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7.1.6 Surface topography by selective electron microscopy (SEM): 

The surface morphologies of the transdermal patch were investigated by using a JEOL 

JSM 6360 Scanning Electron Microscope at 7 kV. Prior to examination, samples were gold 

coated to make them electrically conductive. 

7.2 Results of the physicochemical studies of the transdermal patches: 

In the present study transdermal patches of propranolol hydrochloride were prepared 

as monolithic matrices by solvent casting technique employing glass moulds of known 

diameter into which polyvinyl alcohol (PV A) backing membrane was cast previously. Both 

side opened glass moulds were wrapped with aluminium foil at one end and PV A backing as 

well as drug-polymer matrix was prepared. Transdermal patches were formulated by using 

three polymers in two combinations and in different proportions like ethyl cellulose (EC) with 

polyviny] pyrrolidone (PVP) (Table 6.1, Chapter 6) and ethyl cellulose (EC) with 

hydroxypropyJ methyl cellulose (HPMC) (Table 6.2, Chapter 6). Dibutyl phthalate (30 % w/w 

of polymer) and propranolol hydrochloride (20% w/w of polymer) in ethanol (10 ml) along 

with the polymers in requisite ratios were prepared as the casting solution to formulate the 

transdermal patches. 

The physical appearances of the formulated transdermal patches were evaluated by 

visualization. The patches prepared with EC and PVP in different proportions employing 

aluminium foil as backing support were semi clear but found flexible, smooth and were 

removed easily from the mould (Table 5.7, Chapter 5). The patches prepared with EC and 

HPMC in different proportions employing aluminium foil as backing support were found 

transparent, flexible, smooth and were removed easily from the mould (Table 5.9, Chapter 5). 

The patches were found apparently satisfactory in respect to there physical appearance. 

The thickness of the patches prepared with EC and PVP were found in between 

0.00114 em to 0.00206 em (Table 5.11, Chapter 5). Patches containing EC and HPMC were 

found to show the thickness range in between 0.00129 em to 0.00214 em (Table 5.13, Chapter 

5). Low standard deviation values observed in the thickness profile ofthe patches ofboth the 
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combination ensure uniformity of the formulated patches and less batch variation. Moreover 

less thickness imparts elegance to the patches, patient's compliance and acceptability. 

Transdermal patches showed less weight variation as well as low standard deviation 

and the range was in between 0.122 gm to 0.141 gm for the patches composed of EC and PVP 

(Table 5.15, Chapter 5), whereas it was 0.126 gm to 0.143 gm for the patches containing EC 

and HPMC (Table 5.17, Chapter 5). The folding endurance values of all the patches were 

found satisfactory which indicates that the dibutyl phthalate (30 % w/w of polymer) used as 

the plasticizer for the transdermal patches, rendered good flexibility and restricted brittleness 

(Table 5.19 and 5.21, Chapter 5). 

7 .2.1 Percent moisture content and moisture uptake: 

The percent moisture content(% w/w) and percent moisture uptake (% w/w) of the 

patches prepared with different proportion ofEC and PVP were found in between 0.9 to 6.25 

(% w/w) and 1.12 to 5.34 (% w/w) (Table 7.1, figure 7.1 and figure 7.2) respectively. 

Whereas it was found to be 1.64 to 5.79 (% w/w) and 1.45 to 5.03 (% w/w) for the 

formulations prepared with EC and HPMC in different ratios (Table 7 .2, figure 7.3 and figure 

7.4 ). It was observed that the moisture content increases gradually with the increase of 

hydrophilic polymer concentration. Moisture uptake profile of the transdermal patches was 

also found to be increased with the increase in hydrophilic polymer concentrations. 

Formulations containing higher proportions of PVP and HPMC blended with EC (TTS5 > 

TTS4 > TTS3 and TDS5 > TDS4 > TDS3) were thereby found to show higher moisture 

content and moisture uptake in comparison to the patches containing lesser proportions of 

PVP and HPMC (TTS6 < TTS7 < TTS8 < TTS9 < TTSlO and TDS6 < TDS7 < TDS8 < 

TDS9 < TDSIO). Little moisture content of the formulations helps them not to become 

completely dried and brittle patches. Again low moisture uptake restricts the microbial 

contamination and bulkiness of the transderma] patches. 

7.2.2 Tensile strength: 

The tensile strength of the patches containing EC with PVP and EC with HPMC in 

different proportions were found to be in between 211.45 gm/cm2 to 280.89 gm/cm2 and 
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195.47 gm/cm2 to 276.32 gm/cm2 (Table 7.3 and 7.4) respectively. It was observed that with 

the increase in PVP and HPMC concentration, the tensile strength of the patches gradually 

decreased. 

7.2.3 Water vapour transmission rate: 

The water vapour transmission was found to be least with the formulations containing 

less amount of hydrophilic polymer. Thus formulations TTS6, TTS7, TTS8, TTS9, TTSlO 

and TDS6, TDS7, TDS8, TDS9, TDSlO have shown lesser affinity towards water in 

comparison to the formulations TTSl, TTS2, TTS3, TTS4, TTS5 and TDSl, TDS2, TDS3, 

TDS4, TDS5; where proportions ofPVP and HPMC were more (Table 7.5 and 7.6). Patches 

containing EC with PVP and EC with HPMC showed a water vapour transmission profile 

withi.'1 the range of 0.51852 x 10 -4 gm/cm/h to 3.09965 x 10-4 gm/cm/h and 0.90838 x 10- 4 

gm/cm/h to 2.95309 x 10-4 gm/cm/h respectively. Thus amongst all the formulations TTS6 

and TDS6 have shown the least water vapour transmission profile may be due to having lesser 

concentrations ofPVP and HPMC with highest concentration of hydrophobic polymer EC. 

7 .2.4 Drug content: 

The drug content ofthe patches prepared with EC and PVP was found to be 19.86 mg 

to 19.94 mg and it was 19.82 mg to 19.93 mg for the patches prepared with EC and HPMC 

(Table 7.7 and 7.8) respectively. 

7 .2.5 Selective electron microscopy: 

The scanning electron microscopic (SEM) examination of the patches showed best 

performances by the formulation code TTS6 and TDS6. Transdermal patches at different 

conditions like blank patch without drug, drug loaded patch and patch after skin permeation 

were taken for the study. Blank patches (Figure 7.5 and 7 .6) and drug loaded patches (Figure 

7.7a and 7.7b and figure 7.8a and 7.8b) were seemed to be formed uniformly. Patches after 

skin permeation study has appeared with the void space in the film, which indicate the release 

of the drug from the patches (Figure 7 .9a and 7 .9b and figure 7.1 Oa and 7.1 Ob ). 
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Table 7.1: Percent moisture content(% MC) and Percent moisture uptake(% MU) data 

of drug loaded transdermal patches of EC and PVP: 

Sl. No. Formulation % MC(wlw) % MU(w/w) 

1 TTSl 4.17 3.86 

2 TTS2 4.24 3.93 

3 TTS3 4.34 4.05 

4 TTS4 5.17 4.67 

5 TTS5 6.25 5.34 

l 6 TTS6 0.9 1.12 

7 TTS7 1.1 1.37 
~________ 

h TTS8 2.05 
I 

1.82 I 

TTS9 2.98 I ~:::- J I 10 TTSlO 3.21 I L _____ 

Table 7.2: Percent moisture content(% MC) and Percent moisture uptake(% MU) data 

of drug loaded transdermal patches ofEC and HPMC: 

I Sl. No. Formulations % MC (w/w) % MU(w/w) 

1 TDSI 4.32 3.67 

2 TDS2 4.86 3.98 
f-----

3 TDS3 5.13 4.15 
f---------------------- -··----~- --------------------- ----1-------------------

4 TDS4 5.34 4.49 

5 TDS5 5.79 5.03 

6 TDS6 1.64 1.45 

7 TDS7 1.87 1.92 

8 TDS8 2.09 2.17 

9 TDS9 2.31 2.54 

10 TDSIO 2.84 2.96 
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Table 7.3: Tensile strength data ofthe drug loaded transdermal patches ofEC and PVP: 

Sl. No. Formulations Tensile strength (gm/cm') 

n=3 

1 TTSI 251.36 

2 TTS2 243.67 

3 TTS3 221.54 

4 TTS4 215.58 

5 TTS5 211.45 

6 TTS6 280.52 

7 TTS7 280.89 

8 TTS8 261.48 

I 9 TTS9 257.60 

~ 10 TTSIO 253.52 I 
L 

n = number of repeated observation. 

Table 7.4: Tensile strength data ofthe drug loaded transdermal patches ofEC and 

HPMC: 

Sl. No. Formulations Tensile strength {gm/cm
2

) I 
n=3 

1 TDSI 234.45 ~ 
2 TDS2 221.67 

3 TDS3 204.12 
--

4 TDS4 198.53 

5 TDS5 195.47 

6 TDS6 276.32 
--

7 TDS7 271.68 

8 TDS8 256.21 

9 TDS9 237.16 

lO TDSIO 238.04 

n = number of repeated observation. 
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Table 7.5: Water vapour transmission rate (WVTR) profile of the drug loaded 

transdermal patches ofEC and PVP: 

Sl. No. Formulations WVTR (gm/cmlh) 

1 TTS1 1.01754 X 10-4 

2 TTS2 1.12437 X 10 -4 

3 TTS3 1.56959 X 10 -4 

4 TTS4 2.38791 x w-4 

5 TTS5 3.09965 X 10 4 

--
6 TTS6 0.51852 X 10-4 

7 TTS7 
I 

0.91033 X 104 

r= 8 TTS8 1.2)636 X 10-4 

9 TTS9 1.27758 X 10 -4 I 
I 

I ,- 10 TTSIO 1.30719 X 10 -'! 

Table 7.6: Water vapour transmission rate (WVTR) profile ofthe drug loaded 

transdermal patches ofEC and HPMC: 

Sl. No. Formulations WVTR (gm/cm/h) 

1 TDSI 1.33853 X 10 -4 

2 TDS2 1.4 7524 x t o-4 

3 TDS3 1.854}9 X 10"4 

4 TDS4 }.90409 X 10-4 

5 TDS5 2.95309 X 10-4 

6 TDS6 0.90838 X 10" 4 

7 TDS7 0.97355 X 10 -4 

8 TDS8 }.09766 X 10 "4 

9 TDS9 1.10472 X 10 -4 

10 TDS10 1.1 0648 X 1 0 -4 

1661 

I 



Table 7.7: Drug content study ofthe transdermal patches containing EC and PVP: 

Sl. No. Formulations Drug content (mg) 

1 TTS1 19.93 

2 TTS2 19.92 

3 TTS3 19.94 
--

4 TTS4 19.91 
--

5 TTS5 19.89 

I 
6 TTS6 19.92 

--
7 TTS7 19.88 

--
8 TTS8 19.90 

9 TTS9 19.88 
f-L ____ I_o_ 

-, 
T1Sl0 ' 19.86 

Table 7.8: Drug content study ofthe transdermal patches containing EC and HPMC: 

I Si. No. 
-

Formulations Drug content (mg) 
I 

r 1 TDSl 19.87 

2 TDS2 19.82 
-- .. 

3 TDS3 19.87 

4 TDS4 19.86 
I 

L 5 TDS5 19.87 

6 TDS6 19.88 

7 TDS7 19.90 

8 TDS8 19.93 

9 TDS9 19.82 

10 TDSIO 19.84 
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TI'Sl TI'S2 'ITS3 TTS4 TTS5 TTS6 TI'S7 TTS8 TTS9 'ITSlO 

Formulations 

Figure 7.1: Comparative percent moisture content profile of different formulations of 

EC and PVP: 

'ITS1 TTS2 TTS3 TTS4 TTS5 TTS6 TTS7 TTS8 TTS9 TTS10 

Formulations 

Figure 7.2: Comparative percent moisture uptake profile of different formulations of 

EC and PVP: 
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TDSl TDS2 TDS3 TDS4 TDS5 TDS6 TDS7 TDS8 TDS9 TDS10 

Formulations 

Figure 7.3: Comparative percent moisture content profile of different formulations of 

EC and HPMC: 

6 

TDSl TDS2 TDS3 TDS4 TDS5 TDS6 TDS7 TDS8 TDS9 TDSlO 

Formulations 

Fignre 7.4: Comparative percent moisture uptake profile of different formulations of 

ECandHPMC: 
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( 'hapra 7. Physicochemico/ st11d1· <~lthe trwlsdermol patc/1es 

Figure 7.5: SEM photograph of the blank film containing ethyl cellulose and poly vinyl 

pyrrolidone: 

Figure 7.6: SEM photograph of the blank film containing ethyl cellulose and 

hydroxypropyl methyl cellulose: 
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(~hapta 7: Pllysicochl!lllica/ s/11(11 ·of the lm~!sdermalpatclles 

(a) 

(b) 

Figure 7.7 (a, b): SEM photograph of the drug-loaded film of ethyl ceUulose and poly 

vinyl pyrrolidone before skin permeation study: 
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Chapter 7 · Ph.1 :~ic_o_cht!mico/ Sfllc~1· c~ltht! rransdemw/ potc/Jt!s 

(a) 

(b) 

Figure 7.8 (a, b): SEM photograph of the drug-loaded film of ethyl ceUulose and 

hydroxypropyl methyl cellulose before skin permeation study: 
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Chopra 7: Ph_l'Sicocllt!lllic_ol sflll~l· (~f tht! fm11sdamol patcht!s 

(a) 

(b) 

Figure 7.9 (a, b): SEM photograph ofthe exhausted film of ethyl ceUulose and poly vinyl 

pyrrolidone after skin permeation study: 
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Clwpla 7: Pin ~~icoclll'mica/ sfllc~r of fil l' rraosd.:nllolpotcll!'s 

-
l~ku x~ee ~e~~ eeeete 

(a) 

(b) 

Figure 7.10 (a, b): SEM photograph of the exhausted film of ethyl cellulose and 

hydroxypropyl methyl ceUulose after skin permeation study: 
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Chapter 8: Skin permeation profile and drog release kinetics from the transdermal patches 
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SKIN PERMEATION PROFILE AND DRUG RELEASE KINETICS FROM THE 
TRANSDERMALPATCHES 

8.1 In vitro permeation studies of drug loaded transdermal patches: 

Drug release studies are required for predicting the reproducibility of rate and duration of 

drug release. The importance of polymer dissolution on drug release from matrices has been 

known for ensuring the sustained release performance of the delivery system 1
• Skin, the largest 

organ of the human body, provides a painless and patient-friendly interface for systemic drug 

administration. In addition to provide a leading edge over injections and oral routes by increasing 

patient compliance and avoiding first pass metabolism, respectively; the transdermal route 

provides sustained and controlled delivery of drugs. It also allows continuous input of drugs with 

short biological half-lives and can eliminate pulsed entry into systemic circulation, which often 

causes undesirable side effects 2
•
3

• Unfortunately, because of the low permeability of the skin, 

only a few drugs are good candidates for transdermal delivery. Ions permeate the skin at a much 

lower rate relative to neutral compounds. Hence for poorly permeable drugs certain newer 

techniques such as ion pairing 4, chemical enhancers 5, and electric current 6 are successfully used 

to enhance ionic drug permeation. The aim of the present study is to compare the polymeric 

combinations in terms of in vitro permeation through dialysis membrane, in vitro permeation 

through rat skin and in vivo release of the drug in rabbit and to find out the best possible ratio of 

hydrophilic and hydrophobic polymeric combination. 

8.1.1 In vitro permeation studies using dialysis membrane 7
: 

In vitro pem1eation studies were carried out using modified Keshary-Chien diffusion cell. 

The dialysis sac was previously soaked for 24 hours in distilled water. The patches were adhered 

to the barrier membrane (dialysis membrane) and the sac is tied firmly to the donor compartment 

of the Keshary-Chien diffusion cell, the receptor compartment of which is filled with 100 ml 

phosphate buffer of pH 7 .4. The donor compartment is lowered to the receptor compartment in 

such a way that the dialysis sac just touches the media of the receptor compartment. The total 

setup was placed on a thermostatically controlled magnetic stirrer set at 37 ± 1 °C. The content of 

the diffusion cell was stirred using a teflon coated bead at a constant speed (l 00 rpm). Samples 

were withdrawn (I ml) at predetermined time intervals and replaced with same amount of 

phosphate buffer of pH 7.4 to maintain the sink condition. After suitable dilution, the samples 
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Chapter 8: Skin permeation profile and drug release kinetics from the transdermal patches 

were analyzed for drug content using UV-visible spectrophotometer at A max 290 nm against a 

blank. The permeation study was carried out for 48 hours. 

8.1.2 In vitro skin permeation studies 7•
8

: 

In vitro skin permeation study was performed taking the skin of albino rat. The study 

proposal was sanctioned on 07/05/2007 under the registration number of the institute 

(1 028/C/07 /CPSEA) and IAEC approval number is HPI/07 /60/IAEC/00 11. Young albino rat 

weighed between (200 gm-250 gm) were taken and sacrificed by excess chloroform inhalation. 

The abdominal hairs were removed with marketed hair removers. The abdominal skin was 

carefully separated from the body, with the dermis part remaining intact. Subcutaneous tissues 

were surgically removed. The skin was then made free from hair and fat by treating with 0.32 M 

ammonia solution for 35 mi..'lutes. The skin, so obtained, was examined microscopically for the 

presence of any possible damage. The full thickness skin thus obtained was kept in normal saline 

solution and stored at 4 ± l oc until used for the experiment. 

The drug permeation from the transdermal patches through the skin was determined using 

modified Keshary-Chien diffusion celL The contents of the donor and receptor compartments 

were separated by placing the excised skin in between two compartments. The skin was mounted 

in such a way that the stratum corneum side of the skin continuously remained in an intimate 

contact with the transdermal patch in the donor compartment. The receptor compartment was 

filled with 100 ml of phosphate buffer of pH 7 .4. The cell was placed in a water bath maintained 

at 3 7 ± 1 oc on a magnetic stirrer and stirring was continued throughout the experiment using a 

teflon coated bead at a constant speed (1 00 rpm). At regular intervals over a period of 54 hours, 

samples (l ml) were withdrawn and simultaneously compensation was made with same volume 

of buffer to maintain the sink condition. The samples were then analyzed spectrophotometrically 

at the A max 290 nm against a blank. 

8.2 In vivo drug absorption studies ofthe transdermal patches 9,JO,II,l 2: 

On the basis of in vitro skin permeation study, the formulations TTS6 and TDS6 which 

showed the best results were chosen for in vivo studies. 
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8.2.1 Selection of animals: 

Twelve male healthy rabbits (Orytolagus cunniculus) weighing 1.5-1.7 kg were chosen 

for this study. All the rabbits were fasted overnight. Four rabbits constituting the first set were 

administered 19 mg propranolol hydrochloride orally at every 6 hours interval for 48 hours. The 

dorsal surfaces of the rest eight rabbits were cleaned by removing the hair. Transdermal patches 

(TTS6) were placed onto the clean dorsal surfaces of four rabbits which constituting second set 

and immediately occluded with an adhesive tape. Formulation TDS6 were applied and also 

immediately occluded onto the four rabbits ofthe third set. 

8.2.2 Sample collection and analysis: 

After administration of the drug through oral route and after application of the 

transdermal formuiation, the quantitative determination of propranoloi hydrochloride in rabbit 

plasma was performed using HPLC equipment (Shimadzu, pump- LC20AT, detector FPD20 A, 

column C-18). Blood samples (0.5ml) were withdrawn from the marginal ear vein at 1, 2, 4, 8, 

12, 18, 24, 30, 46 and 48 hours using a disposable syringe into a glass tube with a teflon-linen 

cap, followed by the addition of 0.2 ml of 0.1 M sodium hydroxide and 2 ml of ethyl acetate. The 

mixture was vortexed for 5 minutes and centrifuged for 1 0 minutes at 3000 rpm. The ethyl 

acetate extract (organic layer) was transferred to a glass tube with a teflon-lined cap. The aqueous 

portion was extracted with another 2 ml of ethyl acetate and centrifuged. The second portion of 

the ethyl acetate extract was added to the first portion of ethyl acetate extract and evaporated to 

dryness under vacuum. The residue was reconstituted with 0.2 ml of mobile phase, and 20 Jll of 

the resultant solution was injected in to reverse phase C-18 column through which the mobile 

phase component (acetonitrile and potassium dihydrogen phosphate buffer of HPLC grade in the 

ratio of75:25) were pumped at the flow rate of 1 ml/min. This yielded a column back pressure of 

85-90 kg f I cm2
• The eluents were monitored at 290 nm. The peak area of propranolol 

hydrochloride was determined and this was used to find the plasma concentration of propranolol 

hydrochloride from the regression equation obtained after constructing a calibration curve (Table 

5.2 and figure 5.2, chapter 5). The calibration curve was obtained by spiking drug free plasma 

with varying amount of propranolol hydrochloride (0-25 ng/ml). The experiment was carried out 

in triplicate. 
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8.3 Results of the in vitro permeation studies and drug release kinetics studies: 

8.3.1 Permeation studies using dialysis membrane: 

The in vitro permeation of drug from the transdermal patches were carried out in 

modified Keshary-Chein diffusion cell through dialysis membrane using 100 ml phosphate buffer 

of pH 7.4 as the diffusion media for a period of 48 hours. It was observed that the patches 

prepared with hydrophilic polymer in a higher concentration in the two series of formulations 

TTSl, TTS2, TTS3, TTS4, TTS5 and TDSl, TDS2, TDS3, TDS4, TDS5, where concentration of 

PVP and HPMC was used respectively in gradual increasing order, the release was very quick 

and the patches released more than 98 % of the loaded drug within 15 to 20 hours in case of EC

PVP formulations and 14 to 20 hours in case of EC-HPMC formulations (Table 8.1 to 8.5) and 

(Table 8.11 to 8.15) respectively. But the patches containing ethyl cellulose in a gradual 

increasing order of concentration in the formulations TTS6, TTS7, TTS8, TTS9, TTSlO and 

TDS6, TDS7, TDS8, TDS9, TDSlO, where concentration ofPVP and HPMC was minimum have 

showed a sustained release of the loaded drug over an extended period of 48 hours (Table 8.6 to 

8.10) and (Table 8.16 to 8.20). 

The data obtained from the in vitro permeation study of all the transdermal patches were 

fitted to various kinetic models (Zero order, Higuchi, First order, Korsmeyer-peppas) to 

determine the kinetics of drug release from the drug-polymer matrix. Formulations TTS6, TTS7, 

TTS8 and TDS6, TDS7, TDS8 have showed the R2 value of 0.9967, 0.9969, 0.9952 and 0.9919, 

0.9974, 0.9912 (Table 8.6 to 8.8 and table 8.16 to 8.18) respectively, when the permeation data 

was fitted to Zero order model (Figure 8.6, 8.7 and 8.8 and figure 8.16, 8.17 and 8.18). The 

regression values suggest that the drug release from the transdermal patches was in a controlled 

fashion. It was evidenced that the formulations TTS6, TTS7 and TDS6, TDS7 exhibit the R2 

value of 0.9739, 0.9695 and 0.9861, 0.9667 (Table 8.6 and 8.7 and in table 8.16 and 8.17) 

(Figure 8.6, figure 8.7 and figure 8.16, figure 8.17) respectively, when their in vitro permeation 

data was fitted to Higuchi kinetic model. This confirms the diffusional release pattern ofthe drug 

from these transdermal patches. R2 values obtained from the Korsmeyer-peppas kinetic model for 

the formulations TTS6, TTS7 and TDS6, TDS7 was found to be 0.9822, 0.9813 and 0.9883, 

0.9777 respectively (Figure 8.6, figure 8.7 and figure 8.16, figure 8.17), which supports the fact 

that drug release from the matrix patches was diffusion controlled. Korsmeyer's exponent (n) 

value was found to be 0.557, 0.548 and 0.5728, 0.5475 for the formulations TTS6, TTS7 and 
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TDS6, TDS7 respectively, which again suggest the Higuchi pattern or diffusion controlled drug 

release from these transdermal patches (Table 8.6, table 8.7 and table 8.16, table 8.17) (Figure 

8.6, figure 8.7 and figure 8.16, figure 8.17) respectively. From the formulations containing 

gradually less proportion of EC (TTS8, TTS9, TTS10 and TDS8, TDS9, TDSlO), the drug 

release was found to be faster (Table 8.8, 8.9 and 8.10 and table 8.18, 8.19 and 8.20). Moreover 

the drug release was even quicker in the formulations containing higher proportions ofPVP and 

HPMC in this fashion TTS5 > TTS4 > TTS3 > TTS2 > TTSl and TDS5 > TDS4 > TDS3 > 

TDS2 > TDS1 (Table 8.1, 8.2, 8.3, 8.4, and 8.5 and table 8.11, 8.12, 8.13, 8.14 and 8.15) 

respectively. In vitro permeation data ofthese formulations when fitted to various kinetic models, 

almost all the formulations showed regression values obeying Higuchi pattern or diffusion 

controlled drug release. For the formulations TTS5, TTS4, TTS3, TTS2 and TTS 1 and TDS5, 

TDS4, TDS3, TDS2 and TDS1, the R2 values were found to be in between 0.9874 to 0.9911 and 

0.9937 to 0.9959 respectively (Figure 8.1 to 8.5 and 8.11 to 8.15) when fitted to Higuchi kinetic 

model. 

A comparative % cumulative drug release/cm2 Vs time profile was plotted for all the 

transdermal patches composed of EC and PVP (Table 8.21, Figure 8.41) and EC and HPMC 

(Table 8.22, Figure 8.42). It is evident that the drug release pattern from the transdermal patches 

is dependent on proportions of hydrophilic and lipophilic polymers present in the matrix. By 

increasing the quantity of PVP in the drug-polymer matrix it was evident that PVP produces 

crystallization-free polymeric patches leading to higher drug release. Also PVP has 

antinucleating effect that changes crystalline drugs into higher energy amorphous state with good 

solubility. Initial rapid release of the loaded drug observed may be due to immediate dissolution 

from the surface of the patches by rapid leaching of hydrophilic fraction of the film formers. 

Leaching results in the formation of pores and thereby leads to the decrease of diffusional path 

length for the drug molecules to travel to reach dissolution media. It was found that formulation 

TTS6 and TDS6 have shown the most extended% cumulative drug release/cm2 of 101.44 and 

100.8 in 48 hours amongst all the formulations (Table 8.21, figure 8.41 and table 8.22, figure 

8.42). 
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8.3.2 Results of the in vitro skin permeation studies: 

All the formulations were subjected to in vitro skin permeation study of the loaded drug. 

Study was carried out using albino rat skin in modified Keshary-Chein diffusion cell taking 100 

ml phosphate buffer of pH 7.4 as diffusion media. It was observed that the permeation of drug 

through the skin is little lesser than the drug permeation through dialysis sac. The data obtained 

from the in vitro permeation study of all the transdermal patches were fitted to the kinetic models 

as performed in case of in vitro diffusion through dialysis membrane (Zero order, Higuchi, First 

order, Korsmeyer-peppas) to determine the pattern of drug release from the drug-polymer matrix. 

Formulations TTS6, TTS7, TTS8 and TDS6, TDS7, TDS8 have showed the R2 value of0.9816, 

0.9687, 0.9745 and 0.9942, 0.9932, 0.9816 (Table 8.28 to 8.30 and table 8.38 to 8.40) (Figure 

8.26 to 8.28 and figure 8.36 to 8.38) respectively, when their in vitro skin permeation data was 

fitted to Higuchi kinetic modeL It was observed that the release of the drug was foHowed by 

diffusion process. The same formulations when fitted to Zero order model in respect to their in 

vitro skin permeation data, R2 values were found to be in between 0.8864 to 0.9037. Which 

implies drug release pattern was less controlled in comparison to the results observed after in 

vitro dissolution study. R2 values obtained after fitting the in vitro skin permeation data to the 

Korsmeyer-peppas kinetic model for the formulations TTS6, TTS7, TTS8 and TDS6, TDS7, 

TDS8 were found to be 0.9794, 0.9743, 0.9796 and 0.9959, 0.9901, 0.972 respectively, which 

supports the fact that drug release from the matrix patches was diffusion controlled. Again 

Korsmeyer's exponent (n) value was found to be 0.6986, 0.7276, 0.7133 and 0.5868, 0.5538, 

0.5321 respectively for the formulations TTS6, TTS7, TTS8 and TDS6, TDS7, TDS8, which 

suggest diffusion controlled drug release from these transdermal patches (Table 8.28 to 8.30 and 

table 8.38 to 8.40) (Figure 8.26 to 8.28 and figure 8.36 to 8.38). In vitro skin permeation data 

supports the findings from in vitro permeation study and confinned the fact that increasing in the 

concentration of hydrophilic polymer in the transdermal patches would result in higher amount of 

drug release within a shorter period. It is evident from the %cumulative drug release data after 

skin permeation of the formulations containing less proportion (gradually) of EC (TTS8, TTS9, 

TTSIO and TDS8, TDS9, TDSIO), the drug release was found to be faster (Table 8.43, figure 

8.43 and table 8.44, figure 8.44 ). On the contrary the drug release was faster from the 

formulations containing higher proportions of PVP and HPMC in this fashion TTS5 > TTS4 > 

TTS3 and TDS5 > TDS4 > TDS3 (Table 8.43, figure 8.43 and table 8.44, figure 8.44) 

respectively. It was observed that formulation TTS6 and TDS6 have shown the most extended% 
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cumulative drug release/cm2 of 101.4 7 and 100.28 in 54 hours and 53 hours respectively, 

amongst all the formulations (Table 8.43, figure 8.43 and table 8.38, figure 8.44). 

8.3.3 Results of in vivo drug absorption studies: 

The formulations TTS6 and TDS6 showing the best results were taken for in vivo drug 

absorption study. Male healthy rabbits were used for this study. Calibration curve of propranolol 

hydrochloride in plasma was prepared using HPLC method and the regression value was found to 

be 0.9992 (Table 5.2 and figure 5.2, Chapter 5). Data obtained after analyzing the samples by 

HPLC was plotted against plasma concentration (ng/ml) Vs time (Table 8.45 and 8.46) (Figure 

8.45 and 8.46). From the graph it was evident that up to 24 - 25 hours there was increase in the 

release of the drug after which it maintained a constant. At 24 hours the concentration of the drug 

was 14.2793 ng/ml, which extends up to 48 hours giving a concentration of 14.5651 ng/ml ofthe 

formulation TTS6 (fable 8.45, figure 8.45). For formulation TDS6 drug concentration was found 

to be 13.2982 ng/ml after 24 hours after which there was slight increase in the drug concentration 

which was found to be ] 3.4 757 ng/ml at 48 hours (Table 8.46, figure 8.46). Drug concentrations 

in plasma were increased during the initial hours for both the formulations. A distinct trough and 

peak has been observed when the data was plotted against plasma concentration (ng/ml) versus 

time for orally administered propranolol hydrochloride (Table 8.45 and 8.46, figure 8.45 and 

8.46, Chapter 8). Moreover after every 6 - 7 hours, declination in the drug plasma concentration 

has been observed. 
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Table 8.1: In vitro permeation profile ofthe formulation TTS1 using dialysis membrane: 

Abs. Concentration 
(Jig/ml) 

Amt/ml 
(loss) 
(mg) 

Amt 
released/1 0 

Om I 
(mg) 

Amt 
released/em 2 

(mg) 

CDR/em~ 

(mg) 

CDR/em], l 

(%) I 
L 1 0.094 5.1878 0.0518 5.1878 0.8709 0.8709 26.02 

2 1.414 0.123 6.7900 0.0679 6.7900 1.1399 1.1917 35.61 

j 1.732 0.146 8.0607 0.0806 8.0607 1.3532 1.4211 42.47 1 

~----r------t---~f----~-----+-_:____::__:_---1----~----+~~--------+---~~---t----------------i 

~ 2 0.111 9.4419 0.0944 9.4419 1.5851 1.6657 49.78 I 
---+---4-~~~--~~_:____--+-~~~--~~~-4-~~~--~~~~~~~~----1 

5 2.236 0.179 9.8839 0.0988 9.8839 1.6593 1.7537 +__?2.4!_ _____ ~ 

6 2.449 0J86 10.2707 0.1027 10.2707 1.7242 1.8230 I 54.48 ! 

1 2.645 0.212 tt.7o7I o.111o 11.1011 1.9653 2.o680 61.80 I 
8 __ -r'_2_.8_2_8-ro_.2_2_4-r __ I_2_.3_7_0_l_~i __ o_._lz_-3_7-4~-~-2._3_7o_1 __ --+-------2_._o_7_6_7 ---~--2._1_93_7 __ +-~?-S~_j 
9 3 o.23o 12.7016 0.1210 12.7016 2.1323 2.2560 I 67.42 ! 
----+------+------+----------4------~----------~------------f---------4--------4 

_! o ___ }_._16_2-+-o __ .2_3_9--+-------- 13.1988 1 o .1319_+_1_3_.1_9_88 __ +! __ 2_.2_ts_s_--1 __ 2_._34_2_s __ +-__ 7_o_.o_t----jl 

11 3.316 0.245 13.5303 I 0.1353 13.5303 I 2.2714 I 2.4033 71.82 

12 3.464 0.252 13.9171 l 0.1391 l 13.9171 2.3364 2.4717 73.87 
--+----~--~~--~~~-

l3 3.605 0.263 14.5248 I 0.1452 14.5248 2.4384 2.5775 77.03 

l4 3.741 0.276 15.2430 0.1524 15.2430 2.5590 2.7042 80.81 

l5 3.872 0.282 15.5745 0.1557 15.5745 2.6146 2.7670 82.69 

it I 
16.4033 0.1640 16.4033 2.7538 2.9095 86.95 . 

·----+-------' 
17.2872 I 0.1728 17.2872 2.9021 3.0661 91.63 

16 4 0.297 

17 4.123 0.313 

18 4.242 0.325 17.9502 0.1795 17.9502 3.0134 3.1862 95.22 

19 4.358 0.336 18.5580 0.1855 18.5580 3.1155 3.2950 98.47 

~~72 0.342 18.8895 0.1888 18.8895 3.1711 3.3566 100.31 
--~--~----------~-------~--------~---------~------~--------

Area ofthe patch= 5.9566 cm2
, >IT= square root of timet, Abs. =absorbance, 

Drug content= 3.346 mg/cm 2
, Amt =amount, CDR= Cumulative drug release 

1831 



ime 
T) 
our) 

Chapter 8: Skin permeation profile and drug release kinetics from the transdermal patches 
""7F75Z7777iF71Z'lE"'"'iiiili Ti EK .. _ t -~ """ t ,.. E ifd: 

Table 8.2: In vitro permeation profile ofthe formulation TTS2 using dialysis membrane: 

--JT Abs. Concentration 
(pg/ml) 

Amt/ml 
(loss) 
(mg) 

Amt 
released/1 0 

Om I 
(mg) 

Amt 
released/cm2 

(mg) 

CDR!cml 

(mg) 

CDR/em"' 
(%) 

1 ] 0.095 5.2430 0.0524 5.2430 0.8802 0.8802 26.31 

2 1.414 0.134 7.3977 0.0739 7.3977 1.2419 1.2943 38.69 ' 

_3_~_1._73_2_-t-0_._15_7-f-___ 8:__.6___:6_8_::_5 ---~-0._08_6_6-+-_8_.6_6_8_5_+-__ 1._45_5_2 ______ }_.52_9_1 __ I 45.71 _ _j 
4 2 0.173 9.5524 0.0955 9.5524 1.6036 1.6902 I 50.53 I 
5 2.236 0.188 10.3812 0.1038 10.3812 1.7428 1.8383 54.95 l 
6 2.449 0.214 11.8176 0.1181 11.8176 1.9839 2.0877 62.41 

7 2.645 0.229 12.6464 0.1264 12.6464 2.1230 2.2411 67.00 
' 8 2.828 0235 12.9779 0.1297 12.9779 l 2.1787 2.3051 - 68.91 ~ 

9 3 0.247 13.6408 0.1364 13.6408 2.2900 2.4197 72.33 
------~-------4~-----------r---------~ 

10 3.162 0.256 14.1381 i 0.1413 14.1381 2.3735 2.5099 75.03 
---------~-------+---------~-----------+---------+--

11 3.316 0.261 14.4143 0.1441 14.4143 2.4198 2.5611 76.56 

12 3.464 o.212 15.o22o I o.l5o2 t5.o22o 2.5219 2.666o 79.7o 

13 3.6os o.219 15.4088 I o.154o 15.4088 2.5868 2.737o 81.82 
-----~-----------4------1--------~------------+---------+-----~ 

14 3.741 0.287 15.8508 0.1585 15.8508 2.6610 2.8150 84.15 

15 3.872 0.298 16.4585 0.1645 16.4585 2.7630 2.9215 87.34 

16 4 0.316 17.4530 0.1745 17.4530 2.9300 3.0945 92.51 

11 4.123 o.329 18.1712 1 o.I817 18.1712 3.o5o5 3.2250 96.41 

18 4.242 0.343 18.9447 0.1894 18.9447 3.1804 I 3.3621 1 100.51 

Area oftbe patch= 5.9566 cm2
, --JT =square root of timet, Abs. =absorbance, 

Drug content= 3.345 mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.3: In vitro permeation profile ofthe formulation TTS3 using dialysis membrane: 

...JT Abs. Concentration 
(J~g/ml) 

Amt/ml 
(loss) 
(mg) 

Amt 
released/1 OOml 

(mg) 

Amt 
released/em 2 

(mg) 

CDR/cm.t CDR!cm2
1 

(%) 1 

(mg) I 

1 0.096 5.2983 0.0529 5.2983 0.8894 0.8894 26.55 

1.414 0.128 7.0662 0.0706 7.0662 1.1862 1.2391 37.00 

' 1.732 0.156 8.6132 0.0861 8.6132 1.4459 1.516_5 1 __ .45.28_1 

=~ ==:====2:=o=·= I8=3=:===~=o .:1 o=4=9===:-_o:.::.·.:....:1 o=-=1-=-o-+---=I-=-O-=-=J-=-o-=-49=------l--t..:...--=69--=6_4_-4-~~-_1-._1~-8-=-2q s 3.22 ~ 
5 2.236 0.207 11.4309 0.1143 11.4309 1.9190 2.0200 60.31 I 

5 2.449 o.2t5 11.8729 o.l187 11.8729 1.9932 2.1o15 62.93 I 
7 2.645 0.231 12.7569 0.1275 12.7569 2.1416 2.2603 67.49 

s 2.828 o.242 13.3646 o.u36 13.3646 I 2.2436 2.3711 1o.so _j 

~---r---·-3-f-0_.2_4_9--1--- 13.7513 0.1375 13.7513 2.3085 2.4421 72.92---1 

10 3.162 0.255 14.0828 0.1408 14.0828 2.3642 2.5017 74.70 I 
----~---+------~---~------~------~-----------·4---..:__..:__ __ ~--------+-------·~ 
ll 3.316 0.267 14.7458 0.1474 14.7458 2.4755 2.6163 78.12 

l2 3.464 0.278 15.3535 0.1535 15.3535 2.5775 2.7249 81.36 

l3 3.605 0.286 

14 3.741 0.297 

!1__ 3.872 0.313 

16 4 0.328 

!1______t 4 .123 0 .341 

] 5.7955 0.1579 15.7955 2.6517 2.8052 83.76 

16.4033 0.1640 16.4033 2.7538 2.9117 86.94 

17.2872 0.1728 17.2872 2.9021 3.0661 91.55 

18.1160 0.1811 18.1160 3.0413 3.2141 95.97 

18.8342 0.1883 18.8342 3.1619 3.3430 99.82 

Area of the patch= 5.9566 cm2
, ...JT =square root of timet, Abs. =absorbance, 

Drug content= 3.349 mg/cm2
, Amt = amonnt, CDR= Cumulative drug release 
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Table 8.4: In vitro permeation profile of the formulation TTS4 using dialysis membrane: 

me -..IT Abs. Concentration Amt/ml Amt Amt CDR/em" CDR/em' I 
f) (J.tg/ml) (loss) released/100 released/cm2 (%) 
mr) (mg) ml (mg) (mg) 

(mg) 
1 1 0.104 5.7403 0.0574 5.7403 0.9636 0.9636 28.81 

2 I .414 0.126 6.9558 0.0695 6.9558 1.1677 1.2251 36.63 
3 1.732 0.153 8.4475 0.0844 8.4475 1.4181 1.4876 44.48 

-~-~ 

4 2 0.185 10.2154 0.1021 10.2154 1.7149 1.7993 53.80 

5 2.236 0.219 12.0939 0.1209 12.0939 2.0303 2.1324 63.76 

6 2.449 0.228 12.5911 0.1259 12.5911 2.1138 2.2347 66.82 
,.., 

I 2.645 0.236 13.0331 
I 

0.1303 13.0331 2.1880 " 2.3139 69.19 I I 
8 2.828 0.247 13.6408 0.1364 13.6408 2.2900 l 2.4203 . '7") '4 7 

I£.. ~.J I 

9 3 0.254 14.0276 0.1402 14.0276 2.3549 2.4913 74.50 

10 3.162 0.262 14.4696 0.1446 14.4696 2.4291 2.5693 76.83 

l1 3.316 0.281 15.5193 0.1551 15.5193 2.6053 2.7499 82.23 -

12 3.464 0.296 16.3480 0.1634 16.3480 2.7445 2.8996 86.71 

13 3.605 0.304 16.7900 0.1679 16.7900 2.8187 2.9821 89.17 
-

14 3.741 0.321 17.7292 0.1772 17.7292 2.9763 3.1442 94.02 -

15 3.872 0.337 18.6132 0.1861 18.6132 3.1248 3.3020 98.74 

Area of the patch= 5.9566 cm2
, >IT= square root of timet, Abs. =absorbance, 

Drug content= 3.344 mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.5: In vitro permeation profile ofthe formulation TTS5using dialysis membrane: 

1me .../T Abs. Concentration Amt/ml Amt Amt CDRJcmz CDR/em' I 
T) (p.g/ml) (loss) released/1 00 released/cm2 (%) 
mr) (mg) ml (mg) (mg) 

(mg) 

1 1 0.108 5.9613 0.0596 5.9613 1.0007 1.0007 29.96 

2 1.414 0.137 7.5635 0.0756 7.5635 1.2697 1.3293 39.80 

3 1.732 0.169 9.3314 0.0933 9.3314 1.5665 1.6421 r-49.16 
4 2 0.205 11.3204 0.1132 11.3204 1.9004 1.9937 59.69 1 

5 2.236 0.221 12.2044 0.1220 12.2044 2.0488 2.1620 ---64.73-1 

6 2.449 0.229 12.6464 0.1264 12.6464 2.1230 2.2450 67.21 l 
I 

7 2.645 0.238 13.1436 0.1314 13.1436 2.2065 2.3229 69.84 

8 2.828 0.246 13.5856 0.1358 13.5856 2.2807 2.4121 72.22 

9 3 0.263 14.5248 0.1452 14.5248 2.4384 2.5742 77.07 

~ 
----f--

10 3.162 0.279 15.4088 0.1540 l 15.4088 2.5868 2.7320 81.79 
-

11 3.316 0.284 15.6850 0.1568 15.6850 2.6332 I 2.7872 83.44 

12 3.464 0.297 16.4033 0.1640 16.4033 2.7538 2.9106 87.14 

13 3.605 0.316 17.4530 0.1745 17.4530 2.9300 3.0940 92.63 ! 
I 

14 3.741 0.327 18.0607 0.1806 18.0607 3.0320 3.2065 96.00 
-

15 3.872 0.339 18.7237 0.1872 18.7237 3.1435 3.3239 99.51 

Area ofthe patch= 5.9566 cm2
, ~T =square root of timet, Abs. =absorbance, 

Drug content= 3.340 mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.6: In vitro permeation profile ofthe formulation TTS6 using dialysis membrane: 

1e -..JT Abs. Concentration Amt/ml Amt Amt CDR/cml 1 CDR/c~ 
) (Jiglml) (loss) released released/cm2 (%) I tr) (mg) /lOOm I (mg) (mg) I 

(mg) I 
1 0.042 2.3149 0.0231 2.3149 0.3886 0.3886 11.61 l 

1.414 0.057 3.1436 0.0314 3.1436 0.5277 0.5508 16.46 
i 2 0.073 4.0276 0.0402 4.0276 0.6761 0.7075 2L15 r 

T 2.645 0.095 5.2430 0.0524 5.2430 0.8802 0.9204 I 27.5l -~ 
i 0 3.162 0.118 6.5138 0.0651 6.5138 1.0935 

I 
1.1459 I 34.25 \ 

I ---r---------j 
3 3.605 0.136 7.5082 0.0750 7.5082 1.2604 1.3255 I 39.62 i 

I 
-+--~·~-~-! 

,6 4 0.152 8.3922 0.0839 8.3922 1.4088 1.4838 I 44.36 I ___ .) 
I ' i9 4.358 0.167 9.2209 1.5480 1.6319 4838 

I 

0.0922 I 9.2209 l 
I ' ··---t----------~-·-·-~ 

22 4.69 0.184 10.1602 0.1016 10.1602 1.7057 1.7979 
i 

24 4.898 0.207 11.4309 0.1143 11.4309 1.9190 2.0206 

~ 27 5.196 0.221 12.2044 0.1220 12.2044 2.0488 2.1631 6 

30 5.477 0.237 13.0883 0.1308 13.0883 2.1972 2.3192 3 

32 5.656 0.253 13.9723 0.1397 13.9723 2.3456 2.4764 74.03 

34 5.830 0.272 15.0220 0.1502 15.0220 2.5219 2.6616 79.56 

36 6 0.285 15.7403 0.1574 15.7403 2.6424 2.7926 83.48 

38 6.164 0.297 16.4033 0.1640 16.4033 2.7538 2.9112 87.03 __ _._ 

40 6.324 0.306 16.9005 0.1690 16.9005 2.8372 3.0012 89.72 

42 6.480 0.312 17.2320 0.1723 17.2320 2.8929 3.0619 91.53 
-

44 6.633 0.324 17.8950 0.1789 17.8950 3.0042 3.1765 94.96 

46 6.782 0.335 18.5027 0.1850 18.5027 3.1062 3.2851 98.21 

48 6.928 0.346 19.1104 0.1911 19.1 104 3.2082 3.3932 101.44 

Area ofthe patch= 5.9566 cm2
, --./T =square root of timet, Abs. =absorbance, 

Drug content= 3.345 mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.7: In vitro permeation profile ofthe formulation TTS7 using dialysis membrane: 

ne -YT Abs. Concentration Amt/ml Amt Amt CDR/em:.: l CDR/cm;l 
') (p.g/ml) (loss) released released/cm2 (%) 
ur) (mg) /lOOm I (mg) (mg) 

(mg) 

l 1 0.045 2.4806 0.0248 2.4806 0.4164 0.4164 12.47 

! 1.414 0.061 3.3646 0.0336 3.3646 0.5648 0.5896 17.66 

~ 2 0.084 4.6353 0.0463 4.6353 0.7781 0.8117 24.31 
I 

--- ~ 
7 2.645 0.103 5.6850 0.0568 5.6850 0.9544 1.0007 l 29.97 I 

I ~ ,o 3.162 0.120 6.6243 0.0662 6.6243 1.1120 1.1688 35.01 ! 
I -i --

I 13 3.605 0.141 7.7845 0.0778 7.7845 1.3068 ] .3730 41.13 l 
~ 

16 4 0.158 8.7237 0.0872 8.7237 1.4645 1.5423 .46.20 J ·-
19 4.358 0.172 9.4972 0.0949 9.4972 1.5943 1 1.6815 I 5037 ! 

_.J 

1.7520 --~- 1.8469 
I I 

22 4.69 0.!89 10.4364 0.1043 10.4364 I #=1 24 4.898 0.213 11.7624 0.1176 11.7624 1.9746 I 2.0789 8 

27 5.196 0.228 12.5911 0.1259 12.5911 2.1138 2.2314 4 

30 5.477 0.241 13.3093 0.1330 13.3093 2.2343 2.3602 -70.70 l 
32 5.656 0.259 14.3038 0.1430 14.3038 2.4013 2.5343 75.92 

34 5.830 0.275 15.1878 0.1518 15.1878 2.5497 2.6927 80.66 

36 6 0.287 15.8508 0.1585 15.8508 2.6610 2.8128 84.26 

38 6.164 0.293 16.1823 0.1618 J 6.1823 2.7167 2.8752 86.13 

40 6.324 0.31] 17.1767 0.1717 17.1767 2.8836 3.0454 91.23 --

42 6.480 0.328 18.1160 0.1811 18.1160 3.0413 3.2130 96.25 
··- --· 

44 6.633 0.341 18.8342 0.1883 18.8342 3.1619 3.3430 100.14 

Area ofthe patch::::: 5.9566 cm2
, .,fT =square root of timet, Abs. =absorbance, 

Drug content= 3.338 mg/cm 2
, Arnt =amount, CDR= Cumulative drug release 
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Table 8.8: In vitro permeation profile oftbe formulation TTS8 using dialysis membrane: 

.JT Abs. Concentration 
(Jtg/ml) 

Amt/ml 
(loss) 
(mg) 

Amt 
released 
/lOOm I 

(mg) 

Amt 
released/em 2 

(mg) 

CDR/em.. CDR/em .. 
(%) 

(mg) 

1 1 0.062 3.4198 0.0341 3.4198 0.5741 0.5741 17.17 

2 1.414 0.078 4.3038 0.0430 4.3038 0.7225 0.7566 22.63 

4 2 0.091 5.0220 0.0502 5.0220 0.8430 0.8860 26.51 
1 2.645 o .1 01 --5-.9-0_6_o ___ l--o-.-o5_9_o--+-5-.9-0_6_o_----~r------o-.9-9_1_5-----+---L-0-41_7_-f----~----3-1 .17] 

;~ ~::~~ ::~~: ~:~:;~ :::~~: ~:~:;~ ::~~~: ::~~~: . ~::~~ I 
----r-----+-----~----------~------~--------~---------~--------

16 4 0.159 8.7790 0.0877 8.7790 1.4738 ] .5477 46.31 

_1_9 __ +-_4_.3_5_8+1_0_._18_3_-4-___ 1_0_.1~0_49 ____ ~0-~-~lO~l~O~t--~10~.~10~4~9--+-___ 1_.6 __ 9_6_4 ___ -+ ___ 1_._78_4_1 __ ~ ____ 53_._38 __ ~1 

22 4.69 0.216 11.9281 0.1192 11.9281 2.0025 2.1035 62.94 
' 

24 4.898 0.235 12.9779 0.1297 12.9779 2.1787 2.2979 68.75 

27 5.196 0.251 13.8618 0.1386 13.8618 2.3271 2.4568 73.51 

30 5.477 0.268 14.8011 0.1480 14.8011 2.4848 2.6234 78.49 

32 5.656 0.283 15.6298 0.1562 15.6298 2.6239 2.7719 82.94 

34 5.830 0.295 16.2928 0.1629 16.2928 2.7352 2.8914 86.51 

36 6 0.310 17.1215 0.1712 17.1215 2.8743 3.0372 90.88 

38 6.164 0.329 18.1712 0.1817 18.1712 3.0505 3.2217 96.40 

40 6.324 0.343 18.9447 0.1894 18.9447 3.1804 3.3621 100.60 

Area ofthe patch= 5.9566 cm2
, .JT =square root of timet, Abs. =absorbance, 

Drug content= 3.342 mg/cm2
, Amt =amount, CDR= Cumulative drug release 

1901 



Chapter 8: Skin permeation profile and drug release kinetics from the transdermal patches 
77777V' ET7iik7 i a a z s s E i :: .... nz~ a - s WM' 1 - ~ · ""' - '""r 

Table 8.9: In vitro permeation profile ofthe formulation TTS9 using dialysis membrane: 

lme -IT Abs. Coneentra tion Amt/ml Amt Amt CDR/emz CDR/em2 

T) (JJg/ml) (loss) released released/em2 (%) 
:.ur) (mg) /lOOm I (mg) (mg) 

(mg) 

1 1 0.072 3.9723 0.0397 3.9723 0.6668 0.6668 19.97 

2 1.414 0.093 5.1325 0.0513 5.1325 0.8616 0.9013 26.99 

4 2 0.110 6.0718 0.0607 6.0718 1.0.193 1.0706 32.06 
I 

7 2.645 0.128 7.0662 0.0706 7.0662 1.1862 1.2469 37.34 

10 3.162 0.142 7.8397 0.0783 7.8397 1.3161 1.3867 41.53 

13 3.605 0.157 8.6685 0.0866 8.6685 1.4552 1.5335 45.92 I 

16 4 0.173 9.5524 0.0955 9.5524 1.6036 1.6902 50.62 

19 4.358 0.188 10.3812 0.1038 10.3812 1.7428 1.8383 ~ &: 1\J::. 
JJ.U.J 

20 4.472 0.214 11.8176 0.1181 11.8176 1.9839 2.0877 62.52 
-··· -

22 4.69 0.232 12.8121 0.1281 12.8121 2.1509 2.2690 67.95 

I 
- --· 

24 4.898 0.249 13.7513 0.1375 13.7513 2.3085 2.4366 72.97 

27 5.196 0.263 14.5248 0.1452 14.5248 2.4384 2.5759 77.14 I 
30 5.477 0.278 15.3535 0.1535 15.3535 2.5775 2.7227 81.54 I 

-

32 5.656 0.292 16.1270 ' 0.1612 16.1270 2.7074 2.8609 85.68 I 
34 5.830 0.314 17.3425 0.1734 17.3425 2.9114 3.0726 92.02 I 

36 6 0.326 18.0055 0.1800 18.0055 3.0227 3.1961 95.72 

37 6.082 0.338 18.6685 0.1866 18.6685 3.1340 3.3140 99.25 ---

Area of the patch= 5.9566 em2
, ..JT =square root of timet, Abs. =absorbance, 

Drug content= 3.339 mg/em2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.10: In vitro permeation profile of the formulation TTS10 using dialysis membrane: 

l'ime -YT Abs. Concentration Amt/ml Amt Amt CDR/em" CDR!cm.t 
(T) (p.g/ml) (loss) released released/cm2 (%) 
tour) (mg) /100ml (mg) (mg) 

(mg) 

I 1 0.068 3.7513 0.0375 3.7513 0.6297 0.6297 18.88 

2 1.414 0.082 4.5248 0.0452 4.5248 0.7596 0.7971 23.90 
4 2 0.095 5.2430 0.0524 5.2430 0.8802 0.9254 27.74 

7 2.645 0.109 6.0165 0.0601 6.0165 1.0100 1.0624 31.85 
10 3.162 0.131 7.2320 0.0723 7.2320 1.2141 1.2742 38.20 
13 3.605 0.148 8.1712 0.0817 8.1712 1.3717 1.4440 43.30 

16 4 0.160 8.8342 0.0883 8.8342 1.4830 1.5647 46.92 I l 

19 4.358 I 0.181 9.9944 0.0999 9.9944 I 1.6778 1.7661 I 52.95 
20 4.472 0.205 ] 1.3204 0.1132 11.320~ --1~ 1 .9004--- 2.0003 59.98 --- 1---- --
22 4.69 0.227 12.5359 0.1253 12.5359 1 2.1045 __ 2.2177 66.49 
~--- f--- --
24 4.898 0.242 13.3646 0.1336 13.3646 2.2436 2.3689 71.03 
26 5.099 0.265 14.6353 0.1463 14.6353 2.4569 2.5905 77.67 
27 5.196 0.281 15.5193 0.1551 15.5193 2.6053 2.7516 82.50 -
28 5.291 0.297 16.4033 0.1640 16.4033 2.7538 2.9089 87.22 
29 5.385 0.309 17.0662 0.1706 17.0662 2.8650 3.0290 90.82 

--·--'~ 

30 5.477 0.321 17.7292 0.1772 17.7292 2.9763 3.1469 94.36 
H 5.567 0.336 18.5580 0.1855 18.5580 3.1155 3.2927 98.73 

Area ofthe patch= 5.9566 cm2
, .,.,fT =square root oftime t, Abs. = absorbance, 

Drug content= 3.335 mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.11: In vitro permeation profile ofthe formulation TDSl using dialysis membrane: 

me -vT Abs. Concentration Amt/ml Amt Amt CDR/em I. CDR/cm
4 ! 

f) (p.g/ml) (loss) released/ released/cm2 

(%) I ur) (mg) lOOm I (mg) (mg) 
(mg) 

----1 
I 1 0.092 5.0773 0.0507 5.0773 0.8523 0.8523 25.54 

2 1.414 0.121 6.6795 0.0667 6.6795 1.1213 1.1720 35.12 

3 1.732 0.143 7.8950 0.0789 7.8950 1.3254 1.3921 41.71 

4 2 0.168 9.2762 0.0927 9.2762 1.5572 1.6361 49.02 

5 2.236 0.176 9.7182 0.0971 9.7182 1.6315 1.7242 51.66 

6 2.449 0.187 10.3259 0.1032 10.3259 1.7335 1.8306 54.85 

7 2.645 0.213 11.7624 0.1176 11.7624 1.9746 2.0778 62.26 

8 2.828 0.226 12.4806 0.1248 12.4806 2.0952 2.2128 66.31 i 

9 3 0.232 12.8121 0.1281 12.8121 2.1509 2.2757 68.19 
-

lO 3.162 0.236 13.0331 0.1303 13.0331 2.1880 2.3161 69.40 

11 3.316 0.247 13.6408 0.1364 13.6408 2.2900 2.4203 72.52 

12 3.464 0.254 14.0276 ' 0.1402 14.0276 2.3549 2.4918 74.67 

13 3.605 0.264 14.5801 0.1458 14.5801 2.4477 2.5879 77.55 

14 3.741 0.275 15.1878 0.1518 15.1878 2.5497 2.6955 80.77 

15 3.872 0.283 15.6298 0.1562 15.6298 2.6239 2.7757 83.17 

16 4 0.294 16.2375 0.1623 16.2375 2.7259 2.8821 86.36 

17 4.123 0.314 17.3425 0.1734 17.3425 2.9114 3.0737 92.10 

18 4.242 0.327 18.0607 0.1806 18.0607 3.0320 3.2054 96.05 

19 4.358 0.339 18.7237 0.1872 18.7237 3.1433 3.3239 99.6 -

20 4.472 0.347 19.1657 0.1916 19.1657 3.2175 3.4047 102.02 

Area ofthe patch= 5.9566 em\ -IT= square root of timet, Abs. =absorbance, 

Drug content= 3.337 mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.12: In vitro permeation profile of the formulation TDS2 using dialysis membrane: 

Abs. Concentration 
(J1glml) 

Amt/ml 
(loss) 
(mg) 

Amt 
released/1 00 

ml 
(mg) 

Amt 
released/cm2 

(mg) 

CDR/em.: CDR/cm2 

(%) 
(mg) 

1 1 0.097 5.3535 0.0535 5.3535 0.8987 0.8987 27.00 

2 1.414 0.129 7.1215 0.0712 7.1215 1.1955 1.2490 37.53 

3 1.732 0.148 8.1712 0.0817 8.1712 1.3717 1.4429 43.35 l 
---j-----+__:_---=---+---_:____~=-----+--- ----J------+---------j--------1------- ----, 

4 2 0.171 9.4419 0.0944 9.4419 1.5851 1.6668 50.08 i 
_5 __ ~2~·~23~6~~0~.1~8~6~ __ ~10~·~27~0~7---+_0~·~1~02~7~~~1~0~.2~7~0~7--+-__ ~1.~72~4~2~~--1~.~81~8~6 __ ~1 __ 5_4~.6~4 ___ ~ 
6 2.449 0.211 11.6519 0.1165 11.6519 1.9561 2.0588 61.86 - J 

7 2.645 0221 12.5359 o.1253 12.5359 2.1o45 2.2210 66.73 I 
8 2.828 0.231 12.7569 0.1275 I 12.7569 2.1416 2.2669 I 68.11 l 
_9_~ __ 3-+_o._2_46--+ __ 1_3_.5_8_56_---+__:_o_:__:_.1~3_::_58=---!--____;l--=-3_:_::_.5_:_s_;:___56-=----c----2_.2_8_o_7 ___ --r-_2_.4082 72.36 I 
_10 __ --+-_3_.1_6-+2_0_.2_5_4-+ __ 1_4_.0_27_6_---l-_O_.i_4_02_+-__ 14_._02_7_6_-+-__ 2_.3_5_49 __ ____,:--2_._49_0_7 __ t--_ 7 4.84 I 
11 3.316 0.267 14.7458 0.1474 14.7458 2.4755 2.6157 78.59 

_1_2 __ ~3 __ ._46~4-t-~0.=27~9-+ __ ~l~5.~40~8~8--~~0~.1~5~4~0-+ __ 1~5~.4~0~8~8--~_~2~.5~8~68~---+~2~.7~34~2~r-~8=2~.1=5~ 
13 3.605 0.285 15.7403 0.1574 15.7403 2.6424 2.7964 84.02 I 
---+------l---~----------+------l--------------+----------t--------+--------

14 3.741 0.291 16.0718 0.1607 16.0718 2.6981 2.8555 85.80 

_1_5 ___ +-3_.8_7_2+-0~.3~0~2~ __ ~16~·_;:___67~9~5--~_0~.~16~6~7-+ __ ~16~·~67~9~5--4-__ =2~.8~00_1 ___ + __ 2_.9_6_08 __ +-__ 88_.9_6_· __ _ 

16 4 0.321 17.7292 0.1772 17.7292 2.9763 3.1430 94.44 

17 4J23 0.330 18.2265 0.1822 18.2265 3.0598 3.2370 97.26 
--+-~~--+---~--~-+-----------r------~r-------

18 4.242 0.341 18.8342 0.1883 18.8342 3.1619 3.3441 100.48 

Area ofthe patch= 5.9566 cm 2
, --.IT= square root of timet, Abs. =absorbance, 

Drug content= 3.328 mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.13: In vitro permeation profile of the formulation TDS3 using dialysis membrane: 

me -.JT Abs. Concentration Amt/ml Amt Amt CDR/em~ CDR/em 
f) (Jiglml) (loss) released/1 00 released/em 2 

mr) (mg) ml 2 (mg) (%) 
(mg) (mg) 

1 1 0.098 5.4088 0.0540 5.4088 0.9080 0.9080 27.21 

2 1.414 0.126 6.9558 0.0695 6.9558 1.1677 1.2217 36.61 

3 L732l 0.153 8.4475 0.0844 8.4475 1.4181 1.4876 44.58 
---~-----~ I 

4 2 0.182 10.0497 0.1004 10.0497 l.6871 1.7715 ~3.08 ~ 
5 2.236 0.201 11.0994 0.1109 11.0994 1.8633 1.9637 -+-58.84 __ -i 
6 2.449 0.218 12.0386 0.1203 12.0386 2.0210 2.1319 63.88 _j 

7 2.645 0.233 12.8674 0.1286 12.8674 2.1601 2.2804 68.33_j 
--

i - ' 8 2.828 i 0.240 13.2541 0.1325 t3.2541 2.2251 2.3537 70.53 I 
' 

3 I o.255 
- ~----------..., 

9 14.0828 0.1408 14.0828 2.3642 2.4967 74.81 

10 3 .162 I o .266 14.6906 0.1469 14.6906 2.4662 2.6070 78.12 

11 3.3161 0.271 14.9668 0.1496 14.9668 2.5126 2.6595 79.69 

12 3.464 I o.284 15.6850 0.1568 15.6850 2.6332 2.7828 83.39 

13 3.6o5 I o.298 ] 6.4585 0.1645 16.4585 2.7630 2.9198 87.49 --
14 3.741 0.307 16.9558 0.1695 I 16.9558 2.8465 3.0110 90.23 

--
15 3.872 0.319 17.6187 0.1761 17.6187 2.9578 3.1273 93.71 

16 4 0.335 18.5027 0.1850 18.5027 3.1062 3.2823 98.36 

17 4.123 0.344 19.0000 0.1900 19.0000 3.1897 3.3747 101.13 -

Area ofthe patch= 5.9566 cm2
, .VT =square root of timet, Abs. =absorbance, 

Drug content= 3.337 mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.14: In vitro permeation profile ofthe formulation TDS4 using dialysis membrane: 

fime ~T Abs. Concentration Amt/ml Amt Amt CDR/em"' CDR/em 
(T) (Jtg/ml) (loss) released/1 00 released/cm 2 2 

~our) (mg) ml (mg) (mg) (%) 
(mg) 

1 1 0.112 6.1823 0.0618 6.1823 1.0378 1.0378 31.12 

2 1.414 0.134 7.3977 0.0739 7.3977 1.2419 1.3037 39.09 

3 1.732 0.157 8.6685 0.0866 8.6685 1.4552 1.5291 45.85 I 

4 2 0.180 9.9392 0.0993 9.9392 1.6686 1.7552 52.62 

5 2.236 0.217 11.9834 0.1198 11.9834 2.0117 2.111 63.29 

6 2.449 0.230 12.7016 0.1270 12.7016 2.1323 2.2521 67.53 

7 2.645 0.249 13.7513 OJ375 13.7513 2.3085 2.4355 73.03 
~ 

8 2.828 0.261 14.4143 0.1441 14.4143 2.4198 2.5573 76.68 
-

9 3 0.276 15.2430 0.1524 15.2430 2.5590 2.7031 81.05 

10 3.162 0.289 15.9613 0.1596 15.9613 2.6795 2.8319 I 89.91 
--1---

11 3.316 0.308 17.0110 0.1701 17.0110 2.8558 3.0154 90.41 

12 3.464 0.322 17.7845 0.1778 17.7845 2.9856 3.1557 94.62 

13 3.605 0.33] 18.2817 0.1828 I 8.2817 3.0691 3.2469 97.35 

14 3.741 0.340 18.7790 0.1877 18.7790 3.1526 3.3354 100.01 

Area of the patch= 5.9566 cm2
, ~T =square root of timet, Abs. =absorbance, 

Drug content= 3.335mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.15: In vitro permeation profile ofthe formulation TDS5 using dialysis membrane: 

Time -YT Abs. Concentration Amt/ml Amt Amt CDR/em" CDR/em 
(T) (l'g/ml) (loss) released/1 00 released/cm2 2 

hour) (mg) ml (mg) (mg) (%) 
(mg) 

1 1 0.113 62375 0.0623 6.2375 1.0471 1.0471 31.38 

2 1.414 0.139 7.6740 0.0767 7.6740 1.2883 ] .3506 40.48 
3 ] .732 0.165 9.1104 0.0911 9.1104 1.5294 1.6061 48.14 

4 2 0.191 10.5469 0.1054 10.5469 1.7706 1.8617 55.80 

5 2236 0.216 11.9281 0.1192 11.9281 2.0025 2.1079 63.18 

6 2.449 0.234 12.9226 0.1292 12.9226 2.1694 2.2886 68.60 

7 2.645 0.241 13.3093 0.1330 13.3093 'J T~Ll ~ 
-~~-' T.....J 2.3635 70.85 

I 2.828 I 0.255 
I 

8 14.0828 0.1408 14.0828 2.3642 2.4972 74.85 

9 3 0.268 14.8011 0.1480 14.8011 2.4848 2.6256 78.70 

10 3.162 0.277 15.2983 0.1529 15.2983 2.5682 I 2.7162 81.42 ---
11 3.316 0.290 16.0165 0.1601 16.0165 2.6888 2.8417 85.18 

12 3.464 0.317 17.5082 0.1750 17.5082 2.9392 3.0993 92.90 

13 3.605 0.330 18.2265 0.1822 18.2265 t--3.0598 3.2348 96.96 

14 3.741 0.341 18.8342 0.1883 18.8342 3.1619 3.3441 100.24 

Area ofthe patch= 5.9566 cm2
, -YT =square root of timet, Abs. =absorbance, 

Drug content= 3.336mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.16: In vitro permeation profile ofthe formulation TDS6 using dialysis membrane: 

'I)T Abs. Concentratio 
n (llg/ml) 

Amt/ml 
(loss) 
(mg) 

Amt 
released/1 00 

ml 
(mg) 

Amt 
released/em 2 

(mg) 

CDR/cm.l CDR/em 
2 

(mg) (%) 

1 1 0.044 2.4254 0.0242 2.4254 0.4071 0.4071 12.19 

2 1.414 0.056 3.0883 0.0308 3.0883 0.5184 0.5426 16.25 l 

~4--+1---2-+-0.;._:._:_07:.....:8~ _ __:_4_::::.3_:_0.::...38=-----+-----=-0:..0:._:_:43::...::0--J.-__ 4.:...::.3::...::0:..::.3.::...8 --+---=-0:.:.. 7=22=5=--------+-0-=-. 7.;._:5:_::.,3_:_3--ll_2_2_.5_6_ --1 
_7_-+-_2._64_5-+--'-0-=-.0...:....9..::...6 +--.:..;5 ·=29.:.....:8=-=3--+_0.::...:·_:_05:.::2:..::.9--+---=5-=-.2=9-=8:.:..3_---f----··-0_.8_8_94_-------,lr----0_._93_2Lt-_l?~ ___ __j 
10 3.162 0.120 6.6243 0.0662 6.6243 1.1120 Ll649 l ! 
--~~----+~~~--~~-=---+-.::...:_:_~~--~~~--4--~~~--~--~-~-------1 

_13 ___ -+--_3 _.6_os--+-_o._I_4s--+ __ 8_.o_o_s_5 o.osoo 8.oo55 1.3439 1.41 o1 42.24 I 
16 4 0.166 I 9.1657 0.0916 9.1657 l 1.5387 ____ 1.618~. '"--- 48.4~~ 
19 I 4.358 0.181 9.9944 0.0999 9.9944 I .6778 1.7694 53.00 I 
~ -----·---+---------1 I 
22 4.69 0.196 10.8232 0.1082 10.8232 1.8170 1.9169 57.42 
--+----f------+-__:_:_:_::_..;~---+-~-=-=-=--+- ---'-·------1-------

24 4.898 0.214 11.8176 0.1181 11.8176 1.9839 2.0921 62.67 
-----+-----~---4----~~ 

27 5.196 0.239 13.1988 0.1319 13.1988 2.2158 2.3339 69.91 

_3_0_+--5 __ .4_7_7-+-0_._25_3-+-· 13.9723 ---+--0_.1_3_97_~ __ 1_3_.9_7_2_3 --+----2._3_45_6_-- --'l----_2._47_7_5_t-l-7_4._22 _ 

_ 3_2 __ +-5-~_5_6-b0_._2_67-+ __ 1_4_.7_45_8 ___ -+-_0_.1_4_74 __ ~ __ ~1~4.~74~5-=-8~~--~2~.4~7~5~5 ___ -+ __ 2_.6_1 __ 5_2~,1---78_3_.4_ 

34 5.830 0.274 15.1325 0.1513 15.1325 2.5404 2.6878 80.52 
---+----+--=~-t----=-=-=-=-::...=.::--+---=-.:.::..:::_:.:.::___-+--_.__::..:._:.:=.::__ -+------------+-------+-·------... -
36 6 0.286 15.7955 0.1579 15.7955 2.6517 I 2.8030 ! 83.97 

38 6.164 0.299 16.5138 0.1651 16.5138 2.7723 2.9302 r----;:;8 _ 

40 6.324 0.310 17.1215 0.1712 17.1215 2.8743 3.0394 91.)5 

42 6.480 0.315 17.3977 0.1739 17.3977 2.9207 3.0919 92.62 ·----+---.:__l---___;_-4 _ __:_,:......::_:_._:_:.__-+-__;:_:_::_:_:_..:..__+--_:_.:...:.:;_:__:__-+------~------t--

44 ' 6.633 0.327 I 18.0607 0.1806 18.0607 3.0320 I 3.2059 96.04 
-4-6--+--6-.7-8-2 -+--0-.3_3_4--+----18_.4_4_7_5 ---4-0-.1-84-4--4---1-8-.4-4 7-5---+-----3-.0-9_6_9---+-i--3-.2-7,_7 5---- ___ 9_8_.1_9-

48 6.928 0.343 18.9447 0.1894 18.9447 3.1804 3.3648 100.80 

Area ofthe patch= 5.9566 cm2
, --.IT= square root of timet, Abs. =absorbance, 

Drug content= 3.338 mg/cm2
, Amt = amount, CDR = Cumulative drug release 
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Table 8.17: In vitro permeation profile ofthe formulation TDS7 using dialysis membrane: 

ime ...JT Abs. Concentratio Amtlml Amt Amt CDR/cml. CDR/em 
T) n (flg/ml) (loss) released/tOO released/cm2 2 

our) (mg) ml (mg) (mg) (%) 
(mg) 

1 1 0.047 2.5911 0.0259 2.5911 0.4349 0.4349 13.01 

2 1.414 0.063 3.4751 0.0347 3.4751 0.5841 0.6093 18.23 I 

4 2.000 0.082 4.5248 0.0452 4.5248 0.7596 0.7943 23.77 ! 
-1 

7 2.645 0.101 5.5745 0.0557 5.5745 0.9358 0.9810 _l __ ~9.36 ---1 
10 3.162 0.123 6.7900 0.0679 6.7900 1.1399 1.1956 ~ l 
_!1_-t 3 .605 

-l 
0.140 7.7292 0.0772 7.7292 1.2975 1.3654 1 40.87 ~ 

16 4.000 0.161 8.8895 0.0888 8.8895 1.4923 1.5695 I 46.97 . 
··1----·-

19 4.358 0.178 9.8287 0.0982 9.8287 1.6500 1.7388 52.04 -·-·- '---

22 4.69 0.192 10.6022 0.1060 10.6022 1.7799 1.8781 56.21 -- --- r---
24 4.898 0.215 11.8729 0.1187 11.8729 1.9932 2.0992 62.83 

27 5.196 0.228 12.5911 0.1259 12.5911 2.1138 2.2325 66.82 

30 5.477 0.244 13.4751 0.1347 13.4751 2.2622 2.3881 71.47 ---1--· 

32 5.656 0.261 14.4143 0.1441 14.4143 2.4198 2.5545 76.46 

34 5.830 0.282 15.5745 001557 15.5745 2.6146 2.7587 82.57 

36 6 0.290 16.0165 0.1601 16.0165 2.6888 2.8445 85.14 

38 6.164 0.304 16.7900 0.1679 16.7900 2.8187 2.9788 89.15 

40 6.324 0.318 17.5635 0.1756 17.5635 2.9485 3.1164 93.28 

42 6.480 0.331 18.2817 0.1828 18.2817 3.0691 3.2447 97.11 

43 6.557 0.347 19.1657 0.1916 19.1657 3.2175 3.4003 101.77 

Area ofthe patch= 5.9566 cm2
, ...JT =square root of timet, Abs. =absorbance, 

Drug content= 3.341 mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.18: In vitro permeation profile ofthe formulation TDS8 using dialysis membrane: 

me ..JT Abs. Concentration Amt/ml Amt Amt CDR/em.~: CDR/em 
f) (p.g/ml) (loss) released/100 released/cm2 2 

mr) (mg) ml (mg) (mg) (%) 
(mg) 

1 1 0.068 3.7513 0.0375 3.7513 0.6297 0.6297 18.82 

2 1.414 0.081 4.4696 0.0446 4.4696 0.7503 0.7878 23.54 
-

4 2 0.095 5.2430 0.0524 5.2430 0.8802 0.9248 27.63 

7 2.645 0.113 6.2375 0.0623 6.2375 1.0471 1.0995 32.86 

10 3.162 0.129 7.1215 0.0712 7.1215 1.1955 1.2578 37.59 

13 3.605 0.141 7.7845 0.0778 7.7845 1.3068 1.3780 4Ll8 

16 4 0.158 8.7237 0.0872 8.7237 1.4645 1.5423 46.09 ----·· 

19 4.358 0.176 9.7182 0.0971 9.7182 1.6315 I 1.7187 I <:: 1 'l~ 
.J L .,....Jv 

22 4.69 0.193 10.6574 0.1065 10.6574 1.7891 1.8862 56.37 
-

24 4.898 0.217 11.9834 0.1198 11.9834 2.0117 2.1182 63.30 
-

27 5.196 0.237 13.0883 0.1308 13.0883 2.1972 2.3170 69.24 

30 5.477 0.256 14.1381 0.1413 14.1381 2.3735 2.5043 74.84 

32 5.656 0.271 14.9668 0.1496 14.9668 2.5126 2.6539 79.31 

34 5.830 0.287 15.8508 0.1585 15.8508 2.6610 2.8106 84.00 

36 6 0.300 16.5690 0.1656 16.5690 2.7816 2.9401 87.86 ---:--
38 6.164 0.322 17.7845 0.1778 17.7845 2.9856 3.1512 94.18 

39 6.244 0.340 18.7790 0.1877 18.7790 3.1526 3.3304 99.53 

Area of the patch= 5.9566 cm 2
, ..JT =square root of timet, Abs. =absorbance, 

Drug content= 3.346 mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.19: In vitro permeation profile of the formulation TDS9 using dialysis membrane: 

me --./T Abs. Concentration Amt/ml Amt Amt CDR/em"' CDR/em 
r) (11g/ml) (loss) released/1 00 released/cm2 2 

1ur) (mg) ml (mg) (mg) (%) 
(mg) 

1 1 0.069 3.8066 0.0380 3.8066 0.6390 0.6390 19.20 

2 1.414 0.091 5.0220 0.0502 5.0220 0.8430 0.8810 26.48 

4 2 0.107 5.9060 0.0590 5.9060 0.9915 1.0417 31.31 

7 2.645 0.123 6.7900 0.0679 6.7900 1.1399 1.1989 36.03 j lO 3.162 0.142 7.8397 0.0783 7.8397 1.3161 1.3840 41.60 

13 3.605 0.157 8.6685 0.0866 8.6685 1.4552 1.5335 46.09 I 
1t; 4 , OJ 70 9.3867 0.0938 9.3867 1.5758 1.6624 l 49.96 l IV 

----------1 

19 4.358 0.188 10.3812 0.1038 I 10.3812 1.7428 1.8366 I ""')f) I I t-~::_ ____ j 
22 4.69 I o.2o4 11.2651 0.1126 11.2651 1.8911 1.9949 I 59.96~ -· 

24 4.898 i 0.219 12.0939 0.1209 12.0939 2.0303 2.1429 ' 64.41 
r--

27 5.196 0.234 12.9226 0.1292 12.9226 2.1694 2.2903 68.84 

30 5.477 0.262 14.4696 0.1446 14.4696 2.4291 2.5583 76.89 

32 5.656 0.279 15.4088 0.1540 15.4088 2.5868 2.7314 82.09 I 

s.83o I o.289 
-

34 15.9613 0.1596 15.9613 2.6795 2.8335 85.16 -
35 5.916 0.307 16.9558 0.1695 16.9558 2.8465 3.0061 90.35 
36 6 0.325 17.9502 0.1795 17.9502 3.0134 3.1829 95.67 

37 6.082 0.342 18.8895 0.1888 18.8895 3.1711 3.3506 100.71 

Area of the patch= 5.9566 cm2
, --.IT= square root of timet, Abs. =absorbance, 

Drug content= 3.327 mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.20: In vitro permeation profile of the formulation TDSlO using dialysis membrane: 

Abs. Concentration 
(Jtg/ml) 

Amt/ml 
(loss) 
(mg) 

Amt 
released/100 

ml 
(mg) 

Amt 
released/em 2 

(mg) 

CDR/em"" 

(mg) 

CDR/em 
2 

(%) 

1 1 0.072 3.9723 0.0397 3.9723 0.6668 0.6668 20.01 

2 1.414 0.095 5.2430 0.0524 5.2430 0.8802 0.9199 27.60 

4 2 o.to9 6.0165 o.o6ol 6.0165 1.01oo 1.0624 31.88 I 
--+----+---+--___:____:__:_______--+--_~:_____-+-------+-------l-------f----------1 

_7_-+--=2...:_:.6:_:_4-=-5 ~o:....::...I=-=3~I-+-_ __::7-=.2=-=3-=2..::__o_+---=o:....::...o:....::..7-=2=--3f---7:_::.2=-=3=-=2:....::..o __ --+-__:I:_:_.2=-=1:_:.4_1_+--_1_.2...:_:7_4_2--+' _ 3 8.24 i
1

-

Io 3.162 0.148 I 8.1712 o.0817 8.1712 1.3717 1.4440 43.34 

13 3.605 0.163 9.0000 0.0900 9.0000 1.5109 1.5926 47.79 ! 
16 4 0.1 77 9. 7734 0.0977 9.7734 1.6407 1. 7307 51.94 

19 4.358 o.t9I 
1
Jo
1 

.. 5s4%1-49~-~-o_.•_o_s4--~-~-o_~_-4_6_9_~--~--7_m_6 __ + __ 
2
I .. o8

4
6

2
8

9
3 -~-6~1~.3~1·_

1 

22 4.69 0.209 ,,,,,, 0.1154 11.5414 1.9375 

24 4.898 0.223 12.3149 0.1231 12.3149 2.0674 2.1828 65.51 
---+----+-:_____~+----~~~~-----+--~~-~---------~---------T--

27 5.196 0.248 13.6961 0.1369 13.6961 2.2993 2.4224 72.70 
---+----4----4------__:--4-~~___:_~:_____~~:_____~ ___ :_____ __ ~,--------+------~ 

28 5.291 0.264 14.5801 0.1458 14.5801 2.4477 2.5846 77.56 ~ 
30 5.477 0.280 15.4640 0.1546 15.4640 2.5961 2.7419 82.29 
----+----+-----+--

31 5.567 0.301 16.6243 0.1662 16.6243 2.7909 2.9455 88.40 

32 5.656 0.318 17.5635 0.1756 17.5635 2.9485 3.1147 93.48 

33 5.744 0.330 18.2265 o.1s22 18.2265 3.0598 3.2354 1 97.10 

34 5.830 0.345 19.0552 0.1905 19.0552 3.1990 3.3812 101.47 

Area oftbe patch= 5.9566 cm2
, vT =square root of timet, Abs. = absorbance, 

Drug content= 3.332 mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.21: Percent CDR/cm2 of all the transdermal patches of ethyl cellulose and polyvinyl 

pyrrolidone (TTSl-TTSlO): 

TTSl TTS2 TTS3 TTS4 TTS5 TTS6 TTS7 TTS8 TTS9 

26.02 26.31 26.55 28.81 29.96 11.61 12.47 17.17 19.97 

35.61 38.69 37.00 36.63 39.80 16.46 17.66 22.63 26.99 

49.78 50.53 5322 53.80 59.69 21.15 24.31 26.51 32.06 I 

61.80 67.00 67.49 69.19 69.84 27.51 29.97 31.17 37.34 

70.01 75.03 74.70 76.83 81.79 34.25 35.01 34.76 41.53 I 
77.03 81.82 83.76 89.17 92.63 39.62 41.13 39.13 45.92 

TTSlO 

18.88 

23.90 

27.74 

3L85 

38.20 

43.30 

\ 

82.69 f 87.34 91.55 I 98.74 99.51 

50.62 I 46.92 l -

86.95 92.51 95.97 44.36 I 46.20 46.31 

91.63 96.41 99.82 

=t~* 98.47 48.78 50.37 53.38 55.05 52.95 
-

53.74 55.33 62.94 67.95 66.49 -
60.40 62.28 68.75 72.97 71.03 

64.66 66.84 73.51 77.14 82.50 ---- I--· .. -- I 

69.33 70.70 78.49 81.54 94.36 

74.03 75.92 82.94 85.68 ---+--· 
79.56 80.66 86.51 92.02 

83.48 84.26 90.88 95.72 

87.03 86.13 96.40 

89.72 91.23 100.60 

91.53 96.25 ----1--- -
44 94.96 100.14 

-
46 98.21 
48 101.44 
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Table 8.22: Percent CDR/cm2 of all the transdermal patches of ethyl cellulose and 

hydroxypropyl methyl cellulose (TDSl-TDSlO): 

TDSl TDS2 TDS3 TDS4 TDS5 TDS6 TDS7 TDS8 

25.54 27.00 27.21 31.12 31.38 12.19 13.01 18.82 

35.12 37.53 36.61 39.09 40.48 16.25 18.23 23.54 
49.02 50.08 53.08 52.62 55.80 22.56 23.77 27.63 
62.26 66.73 68.33 73.03 70.85 27.93 29.36 32.86 

69.40 74.84 78.12 89.91 81.42 34.90 35.78 37.59 

77.55 84.02 87.49 97.35 96.96 42.24 40.87 41.18 

83.17 88.96 93.71 
I 86.36 94.44 98.36 I 48.49 46.97 46.09 

92.10 97.26 10Ll3 -- ' 

99.6 53.00 52.04 51.36 -- r---
57.42 56.21 56.37 -----

62.67 62.83 63.30 
-- --- -

69.91 66.82 69.24 

74.22 71.47 74.84 

78.34 76.46 79.31 

80.52 82.57 84.00 

TDS9 TDSlO 

19.20 20.01 

26.48 27.60 

31.31 31.88 

36.03 38.24 

41.60 43.34 

46.09 47.79 

49.96 51.94 

55.20 56.07 
--1-------

59.96 61.31 

64.41 65.51 

68.84 72.70 

76.89 82.29 

82.09 93.48 

85.16 101.47 ----- r----
36 83.97 85.14 87.86 95.67 
38 87.78 89.15 94.18 
40 91.05 93.28 
42 92.62 97.11 --1------r--
44 96.04 

-
46 98.19 
48 100.80 
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Table 8.23: In vitro skin permeation profile ofthe formulation TTSl: 

--IT Abs. Concentration 
(ptg/ml) 

Amt/ml 
(loss) 
(mg) 

Amt 
released/! 00 

ml 
(mg) 

Amt 
released/em 2 

(mg) 

CDR/em..!; CDR/em..!; 
(%) 

(mg) 

1 1 0.086 4.7458 0.0474 4.7458 0.7967 0.7967 23.81 

_2 ___ -r_l_.4_1~4~0~·~·2~0~ ___ 6~·=62~4~3---+_0~·~06~6~2-+ __ ~6~.6~2~4~3--~ __ ~1.~1~12~0~-+~1~.1~5~94~+---~3~4~.6.~5 __ _ 

3 I 1.732 · ._o __ .l_4_2-+ ___ 7_.8_3_9_7 __ ----+_o._o_78_3-----4 __ 7_._8_39_8 ____ r---___ 1_.3_1_6_1 __ -+---1_.3_82_3 __ +---_4_1_.3_1. _____ _ 

4 2 0.168 9.2762 0.0927 9.2762 1.5573 1.6356 48.88 

5 2.236 0.173 9.5524 0.0955 9.5525 1.6036 1.6963 50.69 

6 2.449 0.184 10.1602 0.1016 10.1602 1.7057 1.8012 53.83 

7 2.645 0.207 11.4309 0.1143 11.4309 1.9190 2.0206 60.38 
----+-----+---~------~---4~~~f---~~~--4---~~---4--------r---------

8 2.828 I 0.215 I 11.8729 0.1187 11.8729 1.9932 I 2.1075 62.98 

9 3 0.221 12.2044 0.1220 12.2044 2.0488 2.1675 64.77 
-----+----+--- ---+--------+------------+-----t----------1 

10 3.162 0.236 13.0331 0.1303 13.0331 2.1880 2.3100 69.03 

11 3.316 0.242 13.3646 ------+--O._l3_3_6-4 __ 1_3._3_64_6 __ +--__ 2_.2_4_36 ___ ---t __ 2_.3_7_3_9~'-------70_._94_j 

12 3.464 0.254 14.0276 0.1402 14.0276 2.3549 2.4885 74.37 

13 3.605 0.260 14.3591 0.1435 14.3591 2.4106 2.5508 76.23 

14 3.741 0.273 15.0773 0.1507 15.0773 2.5311 2.6746 79.93 

15 3.872 0.286 15.7955 0.1579 15.7956 2.6517 2.8024 83.75 

16 4 0.293 16.1823 0.1618 16.1823 2.7167 2.8746 83.82 

17 4.123 0.309 17.0662 0.1706 17.0662 2.8651 3.0269 90.46 

18 4.242 0.312 17.2320 0.1723 17.2320 2.8929 3.0635 91.55 

19 4.358 0.323 17.8397 0.1783 17.8397 2.9949 3.1672 94.65 

20 4.472 0.331 18.2817 0.1828 18.2817 3.0691 3.2476 97.04 

21 4.582 0.338 18.6685 0.1866 18.6685 3.1340 3.3168 99.12 

Area ofthe patch= 5.9566 cm 2
, -../T =square root oftime t, Abs. =absorbance, 

Drug content= 3.346 mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.24: In vitro skin permeation profile ofthe formulation TTS2: 

ne -YT Abs. Concentration Amt/ml Amt Amt CDR/cm.t CDR/cm.t j 
') ("g/ml) (loss) released/1 0 released/cm2 

(%) I 
ur) (mg) Om I (mg) (mg) 

(mg) 

I 1 0.097 5.3535 0.0535 5.3535 0.8987 0.8987 26.86 

2 1.414 0.133 7.3425 0.0734 7.3425 1.2326 ] .2861 38.44 

3 1.732 0.166 9.1657 0.0916 9.1658 1.5387 1.6121 48.19 
I I 

I 
4 2 0.187 10.3259 0.1032 10.3259 1.7335 1.8251 54.56 I 

I 
--j 

5 2.236 0.196 10.8232 0.1082 10.8232 1.8170 1.9202 57.40 -~ 
6 2.449 0.218 12.0386 0.1203 12.0387 2.0210 2.1292 63.65 

I 

I l 
---1 

,.., I I 
I 2.645 0.225 12.4254 0.1242 12.4254 2.0854 2.2057 65.94 I 

8 2.828 0.237 
! ! 

13.0883 0.1308 13.0883 2.1972 L 2.3214 1 69.4o 1 ----------r---·------------1 
9 3 0.241 13.3093 0.1330 13.3094 2.2343 2.3651 I 70.70 _j 

-->----- I 
10 ! 3.162 0.248 13.6961 J 0.1369 13.6961 2.2993 2.4323 I 

72071 I 
11 3.316 0.257 

I 

2.5197 2 14.1933 0.1419 14.1934 2.3828 

12 3.464 0.265 14.6353 0.1463 14.6353 2.4569 2.5988 80.32 ; 
-

13 3.605 0.274 15.1325 - I o.t513 15.1326 2.5404 2.6867 82.96 

14 3.741 0.283 15.6298 I o.I562 15.6298 2.6239 2.7752 85.61 

15 3.872 0.292 16.1270 0.1612 16.1270 2.7074 2.8636 88.63 

16 4 0.303 16.7348 0.1673 16.7348 2.8094 2.9706 88.80 
-

17 4.123 0.310 17.1215 0.1712 17.1215 2.8743 3.0416 90.93 

18 4.242 0.319 17.6187 0.1761 17.6187 2.9578 3.1290 93.54 

19 4.358 0.326 18.0055 0.1800 18.0055 3.0227 3.1988 95.63 

20 4.472 0.334 18.4475 0.1844 18.4475 3.0969 3.2769 97.96 

21 4.582 0.341 18.8342 0.1883 18.8342 3.1619 3.3463 100.03 

Area ofthe patch= 5.9566 cm2
, '1/T =square root of timet, Abs. =absorbance, 

Drug content= 3.345 mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.25: In vitro skin permeation profile of the formulation TTS3: 

l'ime ...JT Abs. Concentration Amt/ml Amt Amt CDR/em..: CDR/em..: 
(T) (Jlglml) (loss) released/1 00 released/cm2 (%) 
tour) (mg) ml (mg) (mg) 

(mg) 

1 1 0.103 5.6850 0.0565 5.6850 0.9544 0.9544 28.49 

2 1.414 0.137 7.5635 0.0756 7.5635 1.2697 1.3262 39.59 

3 1.732 0.168 9.2762 0.0927 9.2762 1.5572 1.6328 48.75 

4 2 0.194 10.7127 0.1071 10.7127 1.7984 1.8911 56.46 

5 2.236 0.213 11.7624 0.1176 11.7624 1.9746 2.0817 62.16 -· 
6 2.449 0.219 12.0939 0.1209 12.0939 2.0303 2.1479 64.13 I 

7 2.645 0.229 12.6464 0.1264 12.6464 2.1230 2.2439 67.00 

8 I '".1 8'".112 Q '".111 I 13.3093 0.1297 13.3093 2.2343 2.3607 I 70.49 
k. ~~-r• - --

9 3 0.253 13.9723 0.1397 13.9723 2.3456 2.4753 73.91 

10 3.162 0.261 14.4143 0.1441 14.4143 2.4198 2.5595 76.42 

11 I 3.316 0.273 15.0773 0.1507 15.0773 2.5312 2.~~ 79.88 

12 3.464 0.282 15.5745 0.1557 15.5745 2.6146 2.7653 82.57 
-

13 3.605 0.289 15.9613 0.1596 15.9613 2.6796 2.8353 84.66 

14 3.741 0.294 16.2375 0.1623 16.2375 2.7259 2.8855 86.16 
-

15 3.872 0.302 16.6795 0.1667 16.6795 2.8001 2.9624 88.45 

16 4 0.313 17.2872 0.1728 17.2872 2.9022 3.0689 91.63 

17 4.123 0.320 17.6740 0.1767 17.6740 2.9671 3.1399 93.75 -
18 4.242 0.329 18.1712 0.1817 18.1712 3.0506 3.2273 96.36 jq-------
19 4.358 0.335 18.5027 0.1850 18.5027 3.1062 3.2879 98.17 

20 4.472 0.341 18.8342 0.1883 18.8342 3.1619 3.3469 99.93 

Area of the patch= 5.9566 cm2
, ...JT =square root oftime t, Abs. =absorbance, 

Drug content= 3.349 mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.26: In vitro skin permeation profile of the formulation TTS4: 

me --./T Abs. Concentration Amt/ml Amt Amt CDR/em .. CDR/cm:t j 
f) (1-'g/ml) (loss) released/1 00 released/cm2 (%) I 

1Ur) (mg) ml (mg) (mg) 
(mg) 

I 1 0.106 5.8508 0.0585 5.8508 0.9822 0.9822 29.37 

2 1.414 0.132 7.2872 0.0728 7.2873 1.2233 1.2818 38.33 

3 1.732 0.164 9.0552 0.0905 9.0552 1.5201 1.5929 47.63 

4 2 0.187 10.3259 0.1032 10.3259 1.7335 1.8240 54.54 

5 2.236 0.213 11.7624 0.1176 11.7624 1.9746 2.0778 62.13 

6 2.449 0.225 12.4254 0.1242 12.4254 2.0859 2.2035 65.89 

7 2.645 0.234 12.9226 0.1292 12.9226 2.1694 2.2936 68.78 

8 I 2.828 0.242 13.3646 0.1336 I 13.3646 I 2.2436 2.3728 70.95 

9 3 0.249 13.7513 0.1375 13.7514 2.3085 2.4421 73.03 
f-----------·· 

10 3.162 0.264 14.5801 0.1458 14.5801 2.4477 2.5852 77.30 

11 3.316 0.273 15.0773 0.1507 15.0773 2.5311 2.6769 80.05 --
12 3.464 0.285 15.7403 0.1574 15.7403 2.6424 2.7931 83.52 

13 3.605 0.292 16.1270 0.1612 16.1270 2.7074 2.8648 85.66 i 

14 3.741 0.303 16.7348 0.1673 16.7348 2.8094 2.9706 88.83 

15 3.872 0.311 17.1767 0.1717 17.1768 2.8836 3.0509 91.23 

16 4 0.320 17.6740 0.1767 17.6740 2.9671 3.1388 93.86 

17 4.123 0.332 18.3370 0.1833 18.3370 3.0784 3.2551 97.34 

18 4.242 0.339 18.7237 0.1872 18.7237 3.1433 3.3266 99.48 

Area ofthe patch= 5.9566 cm 2
, -YT =square root of timet, Abs. =absorbance, 

Drug content= 3.344 mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.27: In vitro skin permeation profile of the formulation TTS5: 

ne ...JT Abs. Concentration Amt/ml Amt Amt CDR/em~ CDR/cm2 

') (1tg/ml) (loss) released/1 00 released/cm2 (%) 
or) (mg) ml (mg) (mg) 

(mg) 

' 1 0.111 6.1270 0.0612 6.1270 1.0286 1.0286 30.79 

~ 1.414 0.134 7.3977 0.0739 7.3978 1.2419 1.3031 39.01 

3 1.732 0.167 9.2209 0.0922 9.2209 1.5480 1.6219 48.55 
i 

I 

I 

I I ----, 

55.77 
I 

4 2 0.191 10.5469 0.1054 10.5469 1.7706 1.8628 I i 
I ·-·-- I 

5 2.236 0.216 11.9281 0.1192 11.9282 2.0025 2.1079 .L63.11 
! 

1 

I 
I 

6 2.449 0.223 12.3149 0.1231 12.3149 2.0674 2.1866 65.46 
I 

7 2.645 0.237 13.0883 0.1308 13.0884 2.1973 2.3204 I 69.47 

8 2.828 0.244 13.4751 0.1347 13.4751 2.2622 I 2.3930 I 71.64 ' I I 

I I 

I 

9 3 0.253 13.9723 0.1397 13.9724 2.3457 2.4804 I 74.26 
---!-· --· 

10 3.162 0.265 14.6353 0.1463 14.6354 ' 2.4570 I 2.5967 I 77.74 I 

i 

11 3.316 0.289 15.9613 0.1596 15.9613 2.6796 I 2.8259 84.60 i 

12 3.464 0.297 16.4033 0.1640 16.4033 2.7538 2.9134 87.22 

13 3.605 0.305 16.8453 0.1684 16.8453 2.8280 2.9920 89.58 
--

14 3.741 0.312 17.2324 0.1723 17.2320 2.8929 I 3.0613 I 91.65 

15 3.872 0.327 18.0607 0.1806 18.0607 3.0320 I 3.2043 95.93 
-

16 4 0.336 18.5580 0.1855 18.5580 3.1155 3.2961 I 98.68 

Area of the patch= 5.9566 cm 2
, --./T =square root of timet, Abs. =absorbance, 

Drug content= 3.340 mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.28: In vitro skin permeation profile of the formulation TTS6: 

te 

) 
Ir) 

Abs. Concentration 
(J'g/ml) 

Amt/ml 
(loss) 
(mg) 

Amt 
released 
/lOOm I 
(mg) 

Amt 
released/cm2 

(mg) 

CDR/cm.z CDR/cm
21

j 
(%) ' 

(mg) 
I 

1 0.023 1.2651 0.0126 1.2651 0.21238 0.2123 6.34 

1.414 0.035 1.9281 0.0192 1.9281 0.3236 0.3362 10.05 

2 0.061 3.3646 0.0336 3.3646 0.5648 0.5840 -- __ _!_7.45 -~-~ 
I 

> 2.449 0.091 5.0220 0.0502 5.0220 0.8430 0.8766 26.20 I 
--+--=-:.~~...:_:_:..:_::_-+----=-=-=-=:..=_-~_::_:_::...:._::.=__+--__::_==-=--+---.:.~:..:_:_--t-----+---.. ~~ 

2.828 o.1u 6.2375 o.o623 6.2375 1.o4 11 I 1.o973 J___l2.s(}_ ___ ~J 
I I 0 3.162 0.134 7.3977 0.0739 7.3977 1.2419 1.3042 + 38.98 -~ 

t2 3.464 o.t56 8.6132 o.os6t s.6132 1.4365 t.sto4 I 45.15 I 
~--+--=--:~~..::..:.::-=-..::..--j--~.....:::..::::..::=.=-...~+-==-:::..::~-_:::_:_:::...::.::..=---+-__:__:__:..::...::.::__~-~..:_;;_-+-----~ 

14 3.741 0.175 9.6629 0.0966 9.6629 ' 1.6222 1.7083 i 5 ! 
--t----+---+-------+----+------t--------t----··--------1----~~-----1 

16 4 0.198 10.9337 0.1093 10.9337 1.8355 1.9321 l i 
----1f------+---+-------+----+----·----t---------t-------r-----~i 

18 4.242 o.213 11.7624 o.u76 11.7624 1.9746 2.0839 1 62.29 ~ 

20 4.472 0.224 12.3701 0.1237 12.3701 2.0767 2.1943 i 65.59 i 
22 4.69o o.238 13.1436 o.l314 13.1436 2.2065 2.3302 69.66 I 
24 4.898 0.247 13.6408 0.1364 13.6408 2.2900 2.4214 72.38 
---+----1---+----------+----+-----1------r-------
26 5.099 0.256 14.1381 0.1413 14.1381 2.3735 2.5099 75.03 

28 5.291 0.266 14.6906 0.1469 14.6906 2.4662 2.6075 77.95 

30 5.477 0.273 15.0773 0.1507 15.0773 2.5312 2.6781 80.06 

32 5.656 0.286 15.7955 0.1579 15.7955 2.6517 2.8024 83.77 

36 6 0.298 16.4585 0.1645 16.4585 2.7630 2.9209 
----~----~----+-----~~--4-~----~~~~--+----------r--------r--------

87.32 

40 6.324 0.307 16.9558 0.1695 16.9558 2.8465 3.0110 90.01 

44 6.633 0.315 17.3977 0.1739 17.3977 2.9207 3.0902 92.38 
------+-----~~~-r---~~~----~-~~~--~~~---~-=~~--4-~~--~~------

48 6.928 0.323 17.8397 0.1783 17.8397 2.9949 3.1688 94.73 

52 7.211 0.331 18.2817 0.1828 18.2817 3.0691 3.2474 97.08 

53 7.280 0.337 18.6132 0.1861 18.6132 3.1248 3.3076 98.88 

54 7.348 0.346 19.1104 0.1911 19.1104 3.2082 3.3943 101.47 

Area of the patch= 5.9566 cm2
, --./T = square root of time t, Abs. = absorbance, 

Drug content= 3.345 mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.29: In vitro skin permeation profile ofthe formulation TTS7: 

ime ..JT Abs. Concentration Amt/ml Amt Amt CDR/em" CDR/em" 
T) (l'g/ml) (loss) released released/cm2 (%) 
lUr} (mg) /lOOml (mg) (mg) 

(mg) 

1 1 0.025 1.3756 0.0137 1.3757 0.23095 0.2309 6.91 

2 1.414 0.036 1.9834 0.0198 1.9834 0.3329 0.3466 10.38 

4 2 0.053 2.9226 0.0292 2.9226 0.4906 0.5104 15.2~ 
~-~ ~-

6 2.449 0.073 4.0276 0.0402 4.0276 0.6762 0.7054 21.13 I 
8 2.828 0.093 5.1325 0.0513 5.1326 0.8616 0.9018 27.0l_j 

I 
10 3.162 0.117 6.4585 0.0645 6.4586 1.0843 1.1356 

I 
34.02 I 

12 3.464 0.154 8.5027 0.0850 1.4274 1.4919 44.69 
l 

8.5028 
I 14 3.741 0.186 I 1 {\ '"1'7£\'7 0.1027 10.2707 1.7242 I 1.8092 I lV • ..C./ VI 54.20 _ __J 

- -- ---~ I I 16 4 0.211 11.6519 0.1165 11.6519 1.9561 2.0588 l 61.67 I --;........ 

I 18 4.242 0.225 12.4254 0.1242 12.4254 2.0859 2.2024 65.98 --1---· I 20 4.472 0.234 12.9226 0.1292 12.9226 2.1694 2.2936 68.71 I 
- I 22 4.690 0.242 13.3646 0.1336 13.3646 2.2436 2.3728 71.08 

24 4.898 0.251 13.8618 0.1386 13.8618 2.3271 2.4607 73.72 

26 5.099 0.259 14.3038 0.1430 14.3038 2.4013 2.5399 76.09 

28 5.291 0.264 14.5801 0.1458 14.5801 2.4477 2.5907 77.61 

30 5.477 0.272 15.0220 0.1502 15.0220 2.5219 2.6677 79.91 

32 5.656 0.284 15.6850 0.1568 15.6850 2.6332 2.7834 83.38 

34 5.830 0.293 16.1823 0.1618 16.1823 2.7167 2.8735 86.08 

38 6.164 0.307 16.9558 0.1695 16.9558 2.8465 3.0083 90.12 
42 6.480 0.312 17.2320 0.1723 17.2320 2.8929 3.0624 91.74 

46 6.782 0.324 17.8950 0.1789 17.8950 3.0042 3.1765 95.16 
-· 

50 7.071 0.331 18.2817 0.1828 18.2817 3.0691 3.2480 97.30 

52 7.211 0.339 18.7237 0.1872 18.7237 3.1433 3.3261 99.64 

Area ofthe patch= 5.9566 cm2
, ..JT =square root of timet, Abs. =absorbance, 

Drug content= 3.338 mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.30: In vitro skin permeation profile ofthe formulation TTS8: 

Time "1/T Abs. Concentration Amt/ml Amt Amt CDR/em~ CDR/cmz 
(T) (~Jg/ml) (loss) released released/cm2 (%) 

hour) (mg) /lOOm I (mg) (mg) 
(mg) 

1 1 0.031 1.7071 0.0170 1.7071 0.2866 0.2866 8.57 

2 1.414 0.037 2.0386 0.0203 2.0386 0.3422 0.3592 10.76 
4 2 0.059 3.2541 0.0325 3.2541 0.5463 0.5666 16.95 

--

I 6 2.449 0.082 4.5248 0.0452 4.5248 0.7596 0.7921 23.70 

8 2.828 0.105 5.7955 0.0579 5.7955 0.9729 1.0181 30.46 
10 3.162 0.132 7.2872 0.0728 7.2872 1.2233 1.2812 38.33 

12 3.464 0.157 8.6685 0.0866 8.6685 1.4552 1.5280 45.72 
- _,_ 

1 A I ""t ,... ..... 0.181 9.9944 0.0994 I 9.9944 1.6778 L7644 52.79 i l"t -' .1"1-1 ----

l 16 4 0.214 11.8176 0.1181 11.8176 1.9839 2.0833 62.33 -- - --r--
18 4.242 0.234 12.9226 0.1292 12.9226 2.1694 2.2875 68.44 

---
20 4.472 0.243 I 13.4198 0.1341 13.41988 2.2529 2.3821 71.27 I 

I 

22 4.690 0.256 14.1381 0.1413 14.13812 2.3735 2.5076 75.03 

24 4.898 0.265 14.6353 0.1463 14.63535 2.4569 2.5982 77.7~=-~ 26 5.099 0.274 I 15.1325 0.1513 15.1325 2.5404 2.6867 80.39 

28 5.291 0.287 ] 5.8508 0.1585 15.8508 2.6610 2.8123 84.15 

30 5.477 0.295 16.2928 0.1629 16.2928 2.7352 2.8937 86.58 

32 5.656 0.308 17.0110 0.1701 17.0110 2.8558 3.0187 90.32 

34 5.830 0.316 17.4530 0.1745 17.4530 2.9300 3.1001 92.76 

38 6.164 0.324 17.8950 0.1789 17.8950 3.0042 3.1787 95.1] 

42 6.480 0.332 18.3370 0.1833 18.3370 3.0784 3.2573 97.46 

46 6.782 0.338 ] 8.6685 0.1866 18.6685 3.1340 3.3173 99.26 

48 6.928 0.341 18.8342 0.1883 18.8342 3.1619 3.3485 100.19 

Area of the patch= 5.9566 cm2
, .VT =square root of timet, Abs. =absorbance, 

Drug content= 3.342 mg/cm\ Amt =amount, CDR= Cumulative drug release 
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Table 8.31: In vitro skin permeation profile ofthe formulation TTS9: 

'ime 'VT Abs. Concentration Amt/ml Amt Amt CDR/cm2 
CDR/cm

2
\ 

(T) (1&g/ml) (loss) released released/cm2 (%) 
lOUr) (mg) /lOOm I (mg) (mg) 

(mg) 
1 1 0.037 2.0386 0.0203 2.0386 0.3422 0.3422 10.25 i 

2 1.414 0.048 2.6464 0.0264 2.6464 0.4442 0.4645 13.91 

4 2 0.064 3.5303 0.0353 3.5303 0.5926 0.6190 18.53 

6 2.449 0.087 4.8011 0.0480 4.8011 0.8060 0.8413 25.19 --
8 2.828 0.107 5.9096 0.0590 5.9096 0.9915 1.0395 31.13 

10 3.162 0.128 7.0662 0.0706 7.0662 1.1862 1.2452 37.29 

12 3.464 0.167 9.2209 0.0922 9.2209 ] .5480 1.6186 48.47 
' 14 i 3.741 0.196 10.8232 0.1082 10.8232 1.8170 I 1.9092 I 57.17 

16 4 0.214 11.8176 0.1181 11.8176 1.9839 2.0921 62.65 
-

18 4.242 0.231 12.7569 0.1275 12.7569 2.1416 2.2597 67.67 ______ ,_ 
1---

20 4.472 0.244 13.4751 0.1347 13.4751 2.2622 2.3897 71.56 

22 4.690 0.257 14.1933 0.1419 14.1933 2.3827 2.5174 75.39 

24 4.898 0.263 14.5248 0.1452 14.5248 2.4384 2.5803 77.27 
' 26 5.099 0.276 15.2430 0.1524 15.2430 2.5590 2.7042 80.98 

28 5.291 0.284 15.6850 0.1568 15.6850 2.6332 2.7856 83.42 

30 5.477 0.297 16.4033 0.1640 16.4033 2.7538 2.9106 87.16 

32 5.656 0.308 17.0110 0.1701 17.01l0 2.8558 3.0198 90.44 
¥-

36 6 0.316 17.4530 ' 0.1745 17.4530 2.9300 3.1001 92.84 

40 6.324 0.325 17.9502 0.1795 17.9502 3.0135 3.1880 95.47 

41 6.403 0.329 18.1712 0.1817 18.1712 3.0506 3.2301 96.73 

42 6.480 0.334 18.4475 0.1844 18.4475 3.0969 3.2786 98.19 
-

Area ofthe patch= 5.9566 cm2
, -..IT= square root of timet, Abs. =absorbance, 

Drug content= 3.339 mg/cm 2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.32: In vitro skin permeation profile ofthe formulation TTS10: 

'ime --.IT Abs. Concentration Amt/m Amt Amt CDR/em"' CDR/cm'l 
(T) (Jlglml) I released released/cm2 (%) 
lOUr) (loss) /100m I (mg) (mg) 

! (mg) (mg) 

1 1 0.041 2.2596 0.0225 2.2596 0.3793 0.3793 t 1.37 

2 1.414 0.053 2.9226 0.0292 2.9226 0.4906 0.5131 15.38 
--j 

4 2 0.071 3.9171 0.0391 3.9171 0.6576 0.6868 ~ ~~:~~-1 6 2.449 0.092 5.0773 0.0507 5.0773 0.8523 0.8914 

8 2.828 0.111 6.1270 0.0612 6.1270 1.0286 1.0793 32.36 ~ 
10 3.162 0.139 7.2320 0.0723 7.2320 1.2141 1.2753 38.23 I 
12 3.464 0.188 10.3812 0.1038 10.3812 1.7428 1.8151 54.42 I 

I 

14 3.741 0.209 11.5414 .f\. 1.1: EA 11 CAlli 1 0':17-<: I 2.0413 61.20 U.l l.)"t I l l • ..J'-1' ~...,. ' .l •--' ..J I .J - =r- 65.73 16 4 0.224 12.3701 0.1237 12.3701 2.0767 2.1921 
- r--

18 4.242 0.237 13.0883 0.1308 13.0883 2.1972 2.3209 69.59 
-

20 4.472 0.249 13.7513 0.1375 13.7513 2.3085 2.4393 73.14 

22 4.690 0.256 14.1381 0.1413 14.1381 2.3735 2.5110 75.29 

24 4.898 0.263 14.5248 0.1452 14.5248 2.4384 2.5797 77.35 

26 5.099 0.278 15.3535 0.1535 15.3535 2.5775 2.7227 81.64 

28 5.291 0.282 15.5745 0.1557 15.5745 2.6146 2.7681 83.00 

30 5.477 0.296 16.3480 0.1634 16.3480 2.7445 2.9002 86.96 

31 5.567 0.308 17.0110 0.1701 17.0110 2.8558 3.0192 90.53 

32 5.656 0.315 17.3977 0.1739 17.3977 2.9207 3.0908 92.67 

33 5.744 0.323 17.8397 0.1783 17.8397 2.9949 3.1688 95.01 

34 5.830 0.329 18.1712 0.1817 18.1712 3.0506 3.2289 96.81 

Area of the patch= 5.9566 cm2
, --.IT= square root oftime t, Abs. =absorbance, 

Drug content= 3.335 mg/cm2
, - Amt = amount, CDR= Cumulative drug release 
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Table 8.33: In vitro skin permeation profile ofthe formulation TDSl: 

'ime -iT Abs. Concentration Amt/ml Amt Amt CDR/em~ CDR/cm2 

(T) (f.'g/ml) (loss) released/ released/em 2 (%) 
l)ur) (mg) lOOml (mg) (mg) 

(mg) 

1 1 0.085 4.6906 0.0469 4.6906 0.7874 0.7874 23.59 

2 1.414 0.121 6.6795 0.0667 6.6795 1.1213 1.1682 35.00 

3 1.732 0.143 7.8950 0.0789 7.8950 1.3254 1.3921 41.72 
--- i 

4 2 0.169 9.3314 0.0933 9.3314 1.5665 1.6454 49.31 I 
' ! 

5 2.236 0.175 9.6629 0.0966 9.6629 1.6222 1.7155 51.40 ! 
i 

-----1 
6 2.449 0.182 10.0497 0.1004 10.0497 1.6871 1.7837 ' 53.45 ~ 

7 2.645 0.208 11.4861 0.1148 11.4861 1.9283 2.0287 60.79 

8 2.828 0.217 11.9834 0.1198 11.9834 2.01 17 2.1265 I 63.72 

9 3 0.220 12.1491 0.1214 12.1491 2.0396 2.1594 64.71 
- --

10 3.162 0.229 12.6464 0.1264 12.6464 2.1230 2.~ 672:__6_ 
11 3.316 0.234 12.9226 0.1292 12.9226 2.1694 2.2958 68.80 

I2 3.464 0.243 13.4298 0.1341 13.4298 2.2529 2.3821 71.38 

13 I 3.605 0.249 13.7513 0.1375 13.7513 2.3085 2.4426 73.20 

14 3.741 0.254 14.0276 0.1402 14.0276 2.3549 2.4924 74.69 

15 3.872 0.261 14.4143 0.1441 14.4143 2.4198 2.5600 76.72 

16 4 0.270 14.9116 0.1491 14.9116 2.5033 2.6474 79.33 

17 4.123 0.292 16.1270 0.1612 16.1270 2.7074 2.8565 85.60 

18 4.242 0.319 17.6187 0.1761 17.6187 2.9578 3.1190 93.46 

20 4.472 0.326 18.0055 0.1800 18.0055 3.0227 3.1988 95.86 

22 4.690 0.335 18.5027 0.1850 18.5027 3.1062 3.2862 98.47 
- --

Area of the patch= 5.9566 cm2
, -iT= square root of timet, Abs. =absorbance, 

Drug content= 3.337 mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.34: In vitro skin permeation profile ofthe formulation TDS2: 

'ime --.iT Abs. Concentration Amt/ml Amt Amt CDR/cm2 CDR/cm2 

(T) (~&glml) (loss) released/1 00 released/cm2 (%) 
tour) (mg) ml (mg) (mg) 

(mg) 

1 1 0.097 5.3535 0.0533 5.3535 0.8987 0.8987 27.00 

2 1.414 0.133 7.3425 0.0734 7.3425 1.2326 1.2859 38.63 

3 1.732 0.166 9.1657 0.0916 9.1657 1.5387 1.6121 48.44 
--~-~ 

4 2 0.177 9.7734 0.0973 9.7734 1.6407 1.7323 I 52.05 _ _j 
5 2.236 0.189 10.4364 0.1043 10.4364 1.7530 1.8503 55.59 

! 
I 

6 2.449 0.216 11.9281 0.1192 11.9281 2.0025 2.1068 63.30 

7 2.645 0.224 12.3701 0.1237 12.3701 2.0767 2.1959 65.98 
0 2.828 {\ ~~{\ 12.6464 0.1264 12.6464 2J230 I 2.2467 67.51 0 V.£..£-7 

---· -=t 9 3 0.238 13.1436 0.1314 13.1436 2.2065 2.3329 70.10 

10 3.162 0.243 13.4198 0.1341 13.4198 2.2529 2.3843 71.64 

11 I 3.316 0.254 14.0276 0.1402 14.0276 2.3549 2.4890 74.79 I 
12 3.464 0.267 14.7458 0.1474 14.7458 2.4755 2.6157 78.59 

13 3.605 0.276 15.2430 0.1524 15.2430 2.5590 I 2.7064 81.32 

14 3.741 0.285 15.7403 0.1574 15.7403 2.6425 2.7949 83.98 
----

15 3.872 0.298 16.4585 0.1645 16.4585 2.7630 I 2.9204 87.75 

16 4 0.312 17.2320 0.1723 17.2320 2.8929 
I 3.0574 91.86 i 

17 4.123 0.324 17.8950 0.1789 17.8950 3.0042 3.1765 95.44 

18 4.242 0.332 18.3370 0.1833 18.3370 3.0784 3.2573 97.87 

20 4.472 0.337 18.6132 0.1861 18.6132 3.1248 3.3081 99.40 

Area of the patch= 5.9566 cm2
, --.iT= square root of timet, Abs. =absorbance, 

Drug content= 3.328 mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.35: In vitro skin permeation profile ofthe formulation TDS3: 

rime ...JT Abs. Concentration Amt/ml Amt Amt CDR!cm2 CDR/em 
(T) (llg/ml) (loss) released/1 00 released/em 2 

tour) (mg) ml 2 (mg) (%) 
(mg) (mg) I 

I 1 0.111 6.1270 0.0612 6.1270 1.0286 1.0286 30.82 

2 1.414 0.149 8.2265 0.0822 8.2265 1.3810 1.4422 43.21 

3 1.732 0.159 8.7790 0.0877 8.7790 1.4738 1.5560 __ 46.62 J 
---

4 2 0.170 9.3867 0.0938 
I 

9.3867 1.5758 1.6635 49.85 I 
5 2.236 0.184 10.1602 0.1016 10.1602 1.7057 1.7995 53.92 I 

6 2.449 0.186 10.2707 0.1027 10.2707 1.7242 1.8258 54.71 

7 2.645 0.201 11.0994 0.1109 11.0994 1.8633 1.9660 58.91 

8 2.828 0.215 11.8729 0.1187 11.8729 1.9932 2.1041 63.05 --
9 3 I 0.221 12.5359 0.1253 12.5359 2.1045 2.2232 66.62 

10 3.162 I 0.248 13.6961 0.1369 13.6961 2.2993 2.4246 72.65 

H3.316l 0.264 14.5801 0.1458 14.5801 2.4477 2.5846 77.45 

3.464 I o.219 15.2430 0.1524 15.2430 2.5590 2.7048 81.05 

13 3.6o5 I o.286 15.7955 0.1579 15.7955 2.6517 2.8041 84.03 

14 3.741 0.297 16.4033 0.1640 16.4033 2.7538 2.9117 87.25 

15 3.872 0.312 17.2320 0.1723 17.2320 2.8929 3.0569 91.60 

16 4 0.324 17.8950 0.1789 17.8950 3.0042 3.1765 95.19 

17 4.123 0.331 18.2817 0.1828 18.2817 3.0691 3.2480 97.33 

18 4.242 0.338 18.5685 0.1856 18.5685 3.1340 3.3168 99.39 -- '-------

Area of the patch= 5.9566 cm2
, ~T =square root of timet, Abs. =absorbance, 

Drug content= 3.337 mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.36: In vitro skin permeation profile of the formulation TDS4: 

--.IT Abs. Concentration 
(p1g/ml) 

Amtlml 
(loss) 
(mg) 

Amt 
released/100 

ml 
(mg) 

Amt 
released/em 2 

(mg) 

CDR/em .. 

(mg) 

CDR/em 
2 

(%) 

1 1 0.121 6.6795 0.0667 6.6795 1.1213 1.1214 33.62 

2 1.414 0.152 8.3922 0.0839 8.3922 1.4089 1.4756 44.24 

_3_-+---1_._7 __ 3 __ 2_-+_0_._164_+-__ 9_._05_5_2 __ -+_0_.0_9_0_5-+-__ 9._0_55_2 __ -+ ___ 1_._52_0_2_--+ __ 1_._60_4_1 - - 48.09_i 

_4_-+----+2_0_.1_:_7_:_2-+-_ _:_9_.4_:_97_:_2_-+_0~.0.:_:.9_4_:_9-+-_9_.4_:9_7_:_2_-+-___ 1_.5_9_44_--lf-- 1.6849 50.52 ~ 

_5 __ +-_:_2_:_.2_:3:_:6-+-_;:_0::.:::.1_:::_87~---=-10::..:.3::.:2=-::5_:::_9_-+_:0_:::_.1:..::0_:::_3=.2-+-_~l=-=0:.::.3::.::2:.=.5:::_9_-+---=-1~.7_:::_3:::_3.:_5 ---t--1_.8::_2_::.8_4 __ 1 54.82 ~ 
6 2.449 0.193 10.6574 0.1065 10.6574 1.7891 1.8923 56.74 ~ 

7 2.645 0.201 11.0994 0.1109 11.0994 1.8633 1.9698 59.06 ; 

t2.37ot ---+ o.I237 12.3701 I 2.0767 2.1876 65.59 

9 3 0.231 12.7569 . I 0.1275 12.7569 2.1416 2.2653 67.92 
=1=0-_--r---·-3-.l-62-+--0-.2-46--+---~-3-.5-8-56-1 0.1358 13.5856 2.2807 2.4082 72.20 

11 3.316 0.263 14.5248 0.1452 14.5248 2.4384 2.5742 77.18 

8 2.828 1 0.224 

12 3.464 0.277 15.2983 0.1529 15.2983 2.5683 2.7135 81.36 

13 3.605 0.294 16.2375 0.1623 16.2375 2.7259 2.8788 86.32 
--~------+--------+------

14 3.741 0.312 17.2320 0.1723 17.2320 2.8929 3.0552+91.61 

15 3.872 0.324 17.8950 0.1789 17.8950 3.0042 3.1765 95.24 

16 4 0.335 18.5027 0.1850 18.5027 3.1062 3.2851 98.50 
-~--=~~_L-~~~~_J----=~=-==~~L-~~~-L------

Area ofthe patch= 5.9566 cm2
, ...JT =square root of timet, Abs. =absorbance, 

Drug content= 3.335mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.37: In vitro skin permeation profile ofthe formulation TDS5: 

'ime ...JT Abs. Concentration Amt/ml Amt Amt CDR/em~ CDR/em I (T) (pg/ml) (loss) released/100 released/em 2 2 

tour) (mg) ml (mg) (mg) (%) 
(mg) 

1 1 0.127 7.0110 0.0701 7.0ll0 1.1770 1.1770 35.28 

2 1.414 0.155 8.5580 0.0855 8.5580 1.4367 1.5068 45.16 

3 1.732 0.163 9.0000 0.0900 9.0000 1.5109 1.5964 47.85 
--

4 2 0.174 9.6077 0.0960 9.6077 1.6129 1.7029 51.04 

5 2.236 0.186 10.2707 0.1027 10.2707 1.7242 1.8202 54.56 

6 2.449 0.210 11.5966 0.1159 11.5966 1.9468 2.0495 61.43 

7 2.645 0.223 12.3149 0.1231 12.3149 2.0674 2.1833 65.44 

8 2.828 0.236 13.0331 0.!303 13.0331 2.1880 2.3111 69.27 
·- -

9 3 0.253 13.9723 0.1397 13.9723 2.3456 2.4759 74.21 

10 3.162 0.272 15.0220 0.1502 15.0220 2.5219 2.6616 79.78 

11 3.316 0.289 15.9613 0.1596 15.9613 2.6796 2.8298 84.82 

12 3.464 0.297 16.4033 0.1640 16.4033 2.7538 2.9134 87.33 

13 3.605 0.321 17.7292 0.1772 17.7292 2.9764 3.1404 94.13 

14 3.741 0.336 18.5580 0.1855 18.5580 3.1155 3.2927 98.70 

15 3.872 0.344 19.0000 0.1900 19.0000 3.1897 3.3752 101.17 

Area oftbe patch= 5.9566 cm2
, ...JT =square root oftime t, Abs. =absorbance, 

Drug content= 3.336mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.38: In vitro skin permeation profile ofthe formulation TDS6: 

me './T Abs. Concentration Amt/ml Amt Amt CDR/em~ CDR/em 
T) (Jlg/ml) (loss) released/100 released/em 2 2 

mr) (mg) ml (mg) (mg) (%) 
(mg) I 

1 1 0.037 2.0386 0.0203 2.0386 0.3422 0.3422 10.25 

2 1.414 0.054 2.9779 0.0297 2.9779 0.4999 0.5202 15.58 

4 2 0.075 4.1381 0.0413 4.1381 0.6947 0.7244 21.70 
-l 

J 
-------4 

i 

6 2.449 0.096 5.2983 0.0529 5.2983 0.8894 0.9307 .88 
1-----'""~ 

8 2.828 0.112 6.1823 0.0618 6.1823 1.0378 1.0907 32 
--·---~ 

10 3.162 0.131 7.2320 0.0723 7.2320 1.2141 1.2759 38.22 
1'"1 3.464 I 0.149 I 8.2265 0.0822 8.2265 1.3810 I 1.4533 43.53 lk 

14 3.741 0.166 I 9.1657 0.0916 9.1657 1.5387 1.6209 48.55 

16 4 0.183 10.1049 0.1010 10.1049 1.6969 1.7885 53.57 
. ·-

18 4.242 0.196 10.8232 0.1082 10.8232 1.8170 1.9180 57.45 

20 4.472 0.217 11.9834 0.1198 11.9834 2.0117 2.1199 63.51 

22 4.690 0.224 12.3701 0.1237 12.3701 2.0767 2.1965 65.80 

24 4.898 0.232 12.8121 0.1281 12.8121 2.1509 2.2746 I 68.14 

26 5.099 0.241 13.3093 0.1330 13.3093 2.2343 2.3624 70.77 

28 5.291 0.254 14.0276 0.1402 14.0276 2.3549 2.4879 74.53 

30 5.477 0.262 14.4696 0.1446 14.4696 2.4291 2.5693 76.97 

32 5.656 0.276 15.2430 0.1524 15.2430 2.5590 2.7036 80.99 

34 5.830 0.284 15.6850 0.1568 15.6850 2.6332 2.7856 83.45 

38 6.164 0.295 16.2928 0.1629 16.2928 2.7352 2.8920 86.64 

42 6.480 0.303 16.7348 0.1673 16.7348 2.8094 2.9723 89.04 

46 6.782 0.317 17.5082 0.1750 17.5082 2.9393 3.1066 93.06 

50 7.071 0.325 17.9502 0.1795 17.9502 3.0135 3.1885 95.52 

51 7.141 0.332 18.3370 0.1833 18.3370 3.0784 3.2579 97.60 

52 7.211 0.336 18.5580 0.1855 18.5580 3.1155 3.2988 98.82 

53 7.280 0.341 18.8342 0.1883 18.8342 3.1619 3.3474 100.28 
Area of the patch- 5.9566 em~ "\[T = s uare root of timet q Abs. = absorbance 

Drug content= 3.338 mg/cm 2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.39: In vitro skin permeation profile oftbe formulation TDS7: 

...JT Abs. Concentration Amt/ml Amt Amt CDR/cm.t CDR/cm
2 I 

(l!g/ml) (loss) released/tOO released/cm2 (%) 

I (mg) ml (mg) (mg) 
(mg) 

1 0.049 2.7016 0.0270 2.7016 0.4535 0.4535 

1.414 0.064 3.5303 0.0353 3.5303 0.5926 0.6196 

2 0.078 4.3038 0.0430 4.3038 0.7225 0.7578 

2.449 0.098 5.4088 0.0540 5.4088 0.9080 0.9510 

2.828 0.119 6.5690 0.0656 6.5690 1.1028 1.1568 

3.162 0.137 7.5635 0.0756 7.5635 1.2697 13353 

3.464 0.156 I 8.6132 I 0.0861 8.6132 1.4460 1.5216 

3.741 0.174 9.6077 0.0960 9.6077 1.6129 l.6990 

4 0.189 10.4364 0.1043 10.4364 1.7520 1.8480 . 

4.242 0.203 11.2099 0.1120 11.2099 1.8819 1.9862 

4.472 0.215 11.8729 0.1187 11.8729 1.9932 2.1052 

4.690 0.221 12.2044 0.1220 12.2044 2.0488 2.1675 

4.898 0.238 13.1436 0.1314 13.1436 2.2065 2.3285 

5.099 0.242 13.3646 0.1336 13.3646 2.2436 2.3750 

5.291 0.259 14.3038 0.1430 14.3038 2.4013 2.5349 

5.477 0.267 14.7458 0.1474 14.7458 2.4755 2.6185 

5.656 0.276 15.2430 0.1524 15.2430 2.5590 2.7064 

5.830 0.292 16.1270 0.1612 16.1270 2.7074 2.8598 

6.164 0.304 16.7900 0.1679 16.7900 2.8187 2.9799 

6.480 0.326 18.0055 0.1800 18.0055 3.0227 3.1906 

6.557 0.337 18.6132 0.1861 18.6132 3.1248 3.3048 

6.633 0.345 19.0552 0.1905 19.0552 3.1990 3.3851 

Area ofthe patch= 5.9566 cm2
, ...JT =square root of timet, Abs. =absorbance, 

2 Drug content= 3.341 mg/cm , Amt =amount, CDR= Cumulative drug release 
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Table 8.40: In vitro skin permeation profile ofthe formulation TDS8: 

Abs. Concentration 
(ptg/ml) 

Amt/ml 
(loss) 
(mg) 

Amt 
released/1 00 

ml 
(mg) 

Amt 
released/cm2 

(mg) 

"'"'""" --- ~Ew.m<m 

CDR/em I 
2 I 

(mg) (%) 

1 1 0.061 3.3646 0.0336 3.3646 0.5648 0.5648 16.88 

2 1.414 0.070 3.8618 0.0386 3.8618 0.6483 0.6819 20.38 

4 -~ .. --~2-r--0_.0_8_9--+ __ 4_.9_1_1 6 ___ !----0_.04_9_1--+~-4_.9_11_6_---+ __ 0_.82_4_5_-t--__ 0_._86_3_1_+--~5 .79 __ , 

6 2.449 0.104 5.7403 0.0574 5.7403 0.9636 1.0127 l . 30.26 J 
8 2.828 0.121 6.6795 0.0667 6.6795 1.1213 I 1.1787 I 35.22 1 
10 3.162 o.t4o 7.7292 0.0112 7.7292 1.2975 !.3642 I 40.77 i 
}2 1 3.464 0.167 9.2209 0.0922 9.2209 1.5480 1.6252 +~8.5~--1 
14 3.741 0.197 10.8784 0.1087 10.8784 1.8262 ·-~ 1.9184 -t-- ;:,733_._ 

16 4 o.225 12.4254 o.t242 12.4254 2.0859 2.1946 I 
-18--+---4 .-24-2-+-----0---.2-4.;_2_. __ !---· 13.3646 ----j--0-.1-3-64----t-----1 =.:3 .:_:_36=.:4:_6:____-+----2 .---2--43_6_-+_2_.3_6_7_8 ----i!!--. --7-0·-·---
----~----~----+---------~-+-~------+----~------+----------r-------~------·-

_2_0_~4_.4_7_2--+-_0_.2_4_6--+-___ 1_3_.5_:_85:_6_ 0.135 8 13.5856 2.2807 2.4171 ·-t-1_7 __ ? ._24 __ 

22 4.690 0.249 13.7513 0.1375 13.7513 2.3085 2.4443 73.05 
~--+-~~+-~~4---~:~~--4-~~-+--~~~--4-~~~-----~--~~~--r-~-----

24 4.898 0.266 14.6906 0.1469 14.6906 2.4662 2.6037 77.81 

26 5.099 0.275 15.1878 0.1518 15.1878 2.5497 2.6966 80.59 

_2_8 __ 4-___ 5 ___ .2_:_9~14----o.=2~82~~~1---5=.5-..-74_:_s _____ i~o=.l~55~7~----1=5_:_.5:_7:_4~5-~ __ 2=.:·_:_6=.:24---6 __ -+ __ 2_.7_6_6_4 ___ +1 
__ 8_2_.6_8_ 

30 5.477 0.298 16.4585 0.1645 16.4585 2.7630 2.9187 87.23 

34 5.830 0.321 17.7292 0.1772 17.7292 2.9764 3.1409 93.87 

38 6.164 0.324 17.8950 0.1789 17.8950 3.0042 3.1814 95.08 .. 

42 6.480 0.337 18.6132 0.1861 18.6132 3.1248 3.3037 98.73 

43 6.557 0.343 18.9447 0.1894 18.9447 3.1804 3.3665 100.61 

Area ofthe patch= 5.9566 cm 2
, .._fT =square root of timet, Abs. =absorbance, 

Drug content= 3.346 mg/cm\ Amt =amount, CDR= Cumulative drug release 
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Table 8.41: In vitro skin permeation profile ofthe formulation TDS9: 

l'ime ...JT Abs. Concentration Amt/ml Amt Amt CDR/em..: CDR/em 
(T) (pg/ml) (loss) released/1 00 released/cm2 2 

tour) (mg) ml (mg) (mg) (%) 
(mg) 

1 1 0.069 3.8066 0.0380 3.8066 0.6390 0.6390 19.2083 

2 1.414 0.084 4.6353 0.0463 4.6353 0.7781 0.8161 24.53 

4 2 0.101 5.5745 0.0557 5.5745 0.9358 0.9821 29.51 
--

6 2.449 0.116 6.4033 0.0640 6.4033 1.0749 1.1306 33.98 

8 2.828 0.128 7.0662 0.0706 7.0662 1.1862 1.2502 37.57 

10 3.162 0.142 7.8397 0.0783 7.8397 1.3116 1.3822 41.54 

12 3.464 0.175 9.6629 0.0966 9.6629 1.6222 1.7005 51.11 

14 3.741 0.208 11.4861 0.1148 I 11.4861 1.9283 2.0249 ' 60.86 

I 

- I -- ·--

16 4 0.241 13.3093 0.1330 13.3093 2.2343 2.3491 70.60 

18 4.242 0.263 14.5248 0.1452 14.5248 2.4384 2.5714 77.28 

20 4.472 0.279 15.4088 0.1540 15.4088 2.5868 2.7320 82.11 -
22 I 4.690 0.296 16.3480 0.1634 16.3480 2.7445 2.8985 I 87.12 

-

24 4.898 0.301 16.6243 0.1662 16.6243 2.7909 2.9543 88.79 
-

26 5.099 0.317 17.5082 0.1750 17.5082 2.9393 3.1055 93.34 
----

30 5.477 0.326 18.0055 0.1800 18.0055 3.0227 3.1977 96.11 

34 5.830 0.329 18.1712 0.1817 18.1712 3.0506 3.2306 97.10 
-- -------- f-------

38 6.164 0.332 18.3370 0.1833 18.3370 3.0784 3.2601 97.99 
·- -

Area ofthe patch= 5.9566 cm2
, ...JT =square root of timet, Abs. =absorbance, 

Drug content= 3.327 mg/cm2
, Amt = amount, CDR = Cumulative drug release 
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Table 8.42: In vitro skin permeation profile ofthe formulation TDSlO: 

'ime ..)T Abs. Concentration Amt/ml Amt Amt CDR/em.! CDR/cmT 
(T) (pg/ml) (loss) released/1 00 released/cm2 (%) 
tour) (mg) ml (mg) (mg) 

(mg) 

1 1 0.075 4.1381 0.0413 4.1381 0.6947 0.6947 20.84 
-

2 1.414 0.098 5.4088 0.0540 5.4088 0.9080 0.9493 28.49 

4 2 0.117 6.4585 0.0645 6.4585 1.0842 I 1.1382 34.15 I 
·-----·· 

T 
--

6 2.449 0.142 7.8397 0.0783 7.8397 1.3161 1.3806 41.43 I 

8 2.828 0.165 9.1104 0.0911 9.1104 1.5294 1.6077 48.25 

10 3.162 0.183 10.1049 0.1010 10.1049 1.6964 1.7875 53.64 

12 3.464 0.220 12.1491 0.1214 12.1491 2.0396 2.1406 64.24 

14 3.741 ' 0.239 13.1988 0.1319 13.1988 2.2158 2.3372~ 
16 4 0.268 14.8011 

I 
0.1480 14.8011 2.4848 2.6167 78.53 

18 4.2421 0.282 15.5745 ! 0.1557 I 15.5745 2.6146 ! 2.7626 1 82.91 
-1-------- -· 

I I 

20 4.472 1 0.297 16.4033 0.1640 16.4033 2.7538 I 2.9095 87.32 
--

22 4.690 0.301 16.6243 0.1662 16.6243 2.7909 2.9549 88.68 
-

26 5.099 0.315 17.3977 0.1739 17.3977 2.9207 I 3.0869 92.64 I ---
32 5.656 0.332 18.3370 0.1833 18.3370 3.0784 3.2523 I 97.60 

I 
-

34 5.830 0.341 18.8342 0.1883 18.8342 3.1619 3.3452 100.39 
- j_ 

Area ofthe patch= 5.9566 cm2
, ..)T =square root of timet, Abs. =absorbance, 

Drug content= 3.332 mg/cm2
, Amt =amount, CDR= Cumulative drug release 
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Table 8.43: Percent CDRJcm2 of all the transdermal patches of ethyl cellulose and polyvinyl 

pyrrolidone (TTSl-TTSlO): 

TTSl TTS2 TTS3 TTS4 TTSS TTS6 TTS7 TTS8 TTS9 

23.81 26.86 28.49 29.37 30.79 6.34 6.91 8.5758 10.25 
34.65 38.45 39.60 38.33 39.01 10.05 10.38 10.7614 13.91 

48.88 54.56 56.46 54.54 55.77 17.45 15.29 16.95 18.53 

53.83 63.65 64.13 65.89 65.46 26.20 21.13 23.70 25.19 

62.98 69.40 70.49 70.95 71.64 32.80 27.01 30.46 31.13 

69.03 72.71 76.42 77.30 77.74 38.98 34.02 38.33 37.29 

74.37 80.32 82.57 83.52 87.22 45.15 44.69 45.72 48.47 

79.93 85.61 86.16 88.83 91.65 I 51.07 54.20 52.79 57.17 
-

83.82 88.80 91.63 93.86 98.68 57.76 61.67 62.33 62.65 

91.55 93.54 96.36 99.48 62.29 65.98 68.44 67.67 

97.04 97.96 99.93 65.59 68.71 71.27 71.56 

99.12 100.03 

69.66 71.08 75.03 75.39 

72.38 73.72 77.74 77.27 
' 75.03 76.09 80.39 80.98 

77.95 77.61 84.15 83.42 

80.06 79.91 ' 86.58 87.16 

83.77 83.38 90.32 90.44 

I 86.08 92.76 

87.32 92.84 

90.12 95.11 

90.01 95.47 
·--

91.74 97.46 98.19 
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Table 8.44: Percent CDR/cm2 of all the transdermal patches of ethyl cellulose and hydroxy 

propyl methyl cellulose (TDSl-TDSlO): 

TDSl TDS2 TDS3 TDS4 TDS5 TDS6 TDS7 TDS8 TDS9 TDSlO I 
! 

23.59 27.00 30.82 33.62 35.28 10.22 13.57 16.88 19.2083 20.84 

35.00 38.63 43.21 44.24 45.16 15.58 18.54 20.38 24.53 28.49 

49.31 52.05 49.85 50.52 51.04 21.70 22.68 25.79 29.51 34.15 

53.45 63.30 54.71 56.74 61.43 27.88 28.46 30.26 33.98 T4] .43_~ 
63.72 67.51 63.05 65.59 69.27 32.67 34.62 35.22 37.57 48.25 I 
67.26 71.64 72.65 72.20 79.78 38.22 39.96 40.77 41.54 1. 53.64 "l 
71.38 78.59 81.05 81.36 87.33 43.53 45.54 48.57 51.11 I 64.24 I 

I 74.69 83.98 Q'1 ')" Ql ill 98.70 48.55 50.85 I 57.33 I 60.86 I 1o.14 l 0 I •-"'-' 

··+--::~-=--=---- ----t----- ....L.______. 

! 
-----r-------- -i 

79.33 91.86 95.19 98.50 53.57 55.31 i 65.58 ---·--"- '---------- r---· ~~:~~ 182 .9l-l 
--- -----

18 93.46 97.87 99.39 57.45 59.45 70.76 
-~ ------1 

20 95.86 99.40 63.51 63.01 72.24 82.11 87.32 I 
21 I 
22 98.47 65.80 64.87 I 73.05 87.12 s8.68 I 
24 I ~ 

68.14 69.69 l 77.81 88.79 

26 70.77 71.08 80.59 93.34 92.64 --~---------- -· 
28 74.53 75.87 82.68 ----C--- -- ------

30 76.97 78.37 87.23 96.11 

32 80.99 81.00 97.60 

34 83.45 85.59 93.87 97.10 100.39 

36 

38 86.64 89.19 95.08 97.99 

40 
I -----

42 89.04 95.50 i 98.73 

44 101.32 

48 

52 98.82 
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Table 8.45: In vivo release profile of propranolol after oral administration and application 

of formulation TTS6 (EC:PVP 10:1): 

Time After oral administration After patch application 
(T) 

Peak area Plasma Peak area Plasma 
(hr) (mV) 

concentration (mV) concentration 

(ng/ml) (ng/ml) 

1 67.92 15.2818 7.694 1.9515 

2 51.105 11.56 8.789 2.1939 

4 38.364 8.7399 15.59 3.6992 

8 68.381 15.3838 29.445 6.766 

12 39.527 I 8.9974 38.475 8.7645 

18 67.239 15.131 51.025 11.5423 

24 27.584 6.3539 63.391 14.2793 

30 67.86 15.2685 65.535 14.7539 
--------- ---

46 24.241 5.614 64.939 14.6220 
--r--

48 13.822 3.3079 _L 64.682 14.5651 
---·-" --'---

Area ofthe patch = 5.9566 cm2 

Drug content= 3.345 mg/cm2 
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Table 8.46: In vivo release profile of propranolol after oral administration and application 

offormulation TDS6 (EC:HPMC 10:1): 

Time After oral administration After patch application 
(T) 

Peak area Plasma Peak area Plasma 
(hr) (mV) concentration (mV) concentration 

(ng/ml) (ng/ml) 

1 67.92 15.2818 9.742 2.4048 

2 51.105 11.56 13.372 3.2083 

4 38.364 8.7399 15.703 3.7242 

8 68.381 15.3838 29.009 6.6693 

12 39.527 
l 

8.9974 32.904 7.5314 

~ T 18 67.239 15.131 41.874 9.5168 
- ' --

24 27.584 6.3539 58.958 13.2982 
r-----------------------

30 67.86 15.2685 61.55 13.8719 
--~-~·~~-~------- --f-- --1--- " 

46 24.241 5.614 62.13 14.0002 

48 13.822 3.3079 59.76 13.4757 
_l__ 

Area of the patch = 5.9566 cm2 

Drug content= 3.338 mg/cm 2 
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Figure 8.1: In vitro permeation data of the formulation TTSl plotted against Zero order, 

Higuchi, First order and Korsmeyer-peppas model respectively: 
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Figure 8.2: In vitro permeation data ofthe formulation TTS2 plotted against Zero order, 

Higuchi, First order and Korsmeyer-peppas model respectively: 
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Figure 8.4: In vitro permeation data of the formulation TTS4 plotted against Zero order, 
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Figure 8.8: In vitro permeation data of the formulation TTS8 plotted against Zero order, 

Higuchi, First order and Korsmeyer-peppas model respectively: 
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Figure 8.10: In vitro permeation data of the formulation TTSlO plotted against Zero order, 
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Figure 8.11: In vitro permeation data of the formulation TDSl plotted against Zero order, 

Higuchi, First order and Korsmeyer-peppas model respectively: 
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Figure 8.12: In vitro permeation data ofthe formulation TDS2 plotted against Zero order, 

Higuchi, First order and Korsmeyer-peppas model respectively: 
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Figure 8.13: In vitro permeation data of the formulation TDS3 plotted against Zero order, 

Higuchi, First order and Korsmeyer-peppas model respectively: 
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Figure 8.14: In vitro permeation data of the formulation TDS4 plotted against Zero order, 

Higuchi, First order and Korsmeyer-peppas model respectively: 
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Figure 8.16: In vitro permeation data ofthe formulation TDS6 plotted against Zero order, 

Higuchi, First order and Korsmeyer-peppas model respectively: 
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Figure 8.17: In vitro permeation data ofthe formulation TDS7 plotted against Zero order, 

Higuchi, First order and Korsmeyer-peppas model respectively: 
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Figure 8.18: In vitro permeation data ofthe formulation TDS8 plotted against Zero order, 

Higuchi, First order and Korsmeyer-peppas model respectively: 
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Figure 8.19: In vitro permeation data ofthe formulation TDS9 plotted against Zero order, 

Higuchi, First order and Korsmeyer-peppas model respectively: 
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Figure 8.20: In vitro permeation data ofthe formulation TDSlO plotted against Zero order, 

Higuchi, First order and Korsmeyer-peppas model respectively: 
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Figure 8.21: In vitro skin permeation data ofthe formulation TTSl plotted against Zero 

order, Higuchi, First order and Korsmeyer-peppas model respectively: 
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Figure 8.22: In vitro skin permeation data ofthe formulation TTS2 plotted against Zero 

order, Higuchi, First order and Korsmeyer-peppas model respectively: 
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Figure 8.23: In vitro skin permeation data ofthe formulation TTS3 plotted against Zero 

order, Higuchi, First order and Korsmeyer-peppas model respectively: 
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Figure 8.24: In vitro skin permeation data ofthe formulation TTS4 plotted against Zero 

order, Higuchi, First order and Korsmeyer-peppas model respectively: 
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Figure 8.25: In vitro skin permeation data ofthe formulation TTSS plotted against Zero 

order, Higuchi, First order and Korsmeyer-peppas model respectively: 
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Figure 8.26: In vitro skin permeation data ofthe formulation TTS6 plotted against Zero 

order, Higuchi, First order and Korsmeyer-peppas model respectively: 
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Figure 8.27: In vitro skin permeation data ofthe formulation TTS7 plotted against Zero 
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Figure 8.28: In vitro skin permeation data of the formulation TTS8 plotted against Zero 

order, Higuchi, First order and Korsmeyer-peppas model respectively: 
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Figure 8.29: In vitro skin permeation data of the formulation TTS9 plotted against Zero 

order, Higuchi, First order and Korsmeyer-peppas model respectively: 
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Figure 8.30: In vitro skin permeation data of the formulation TTSlO plotted against Zero 

order, Higuchi, First order and Korsmeyer-peppas model respectively: 
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Figure 8.31: In vitro skiu permeation data ofthe formulation TDSl plotted against Zero 
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Chapter 9: Results and discussion 

RESULTS AND DISCUSSION 

In the present study propranolol hydrochloride has been considered as the drug of 

choice and the polymers like ethyl cellulose (EC), poly vinyl pyrrolidone (PVP), 

hydroxypropyl methyl cellulose (HPMC) and acrycoat SIOO has been verified for their 

suitability in sustaining the drug release from transdermal patch formulations. Percentage 

purity of propranolol hydrochloride as determined by potentiometric method was found to be 

99.15 %. FT -IR spectrum of propranolol hydrochloride (Figure 5.3, Chapter 5) revealed the 

presence of peaks at 2964.69 cm-1 and 3281.99 cm-1 which may be due to the presence of a 

secondary amine group and secondary hydroxyl group respectively. The aryl alkyl ether has 

possibly displayed a stretching band at 1267.27 cm-1 and the presence of a-substituted 

naphthalene might have resulted in the peak at 797.59 crn-1
• The FT-IR spectra ofpropranolol 

hydrochloride granules along with different polymers (EC, PVP, HPMC and acrycoat SIOO) 

showed a broadening of peaks at 3283 em -I, which might be due to extensive hydrogen 

bonding (Figure 5.4 to 5. 7 ~ Chapter 5). Major frequencies of functional groups of the pure 

drug found to remain intact when the FT -IR spectra of the drug- polymer combination were 

analyzed. From the FT -IR spectra analysis of drug alone and drug-polymer combination it is 

evident that there is no major interaction between the drug and the polymers used under study. 

Initially transderma1 patch formulations were prepared by using four polymers (EC, 

PVP, HPMC and acrycoat SlOO) in different combinations (Table 5.3 to 5.6, Chapter 5). 

Formulated propranolol hydrochloride transdermal patches were found to show variable 

results when subjected to different evaluation parameters. Almost all the formulations 

prepared by aluminium foil method were satisfactory in respect to their apparent flexibility, 

smoothness and transparency. Formulations were even easier to remove from the glass block. 

Whereas formulations prepared by using mercury surface were neither fully transparent nor 

easy to remove from the petridishes. Tedious removal might be due to uneven thickness of the 

patches because of wavy surface of the mercury resulted in tampering of the patches. The 

physical appearances of the prepared patches are presented in table 5. 7, 5.8, 5.9 and 5.10 of 

chapter 5. 
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The thickness of the patches prepared with EC and PVP were found in between 

0.00114 em to 0.00206 em (Table 5.11, Chapter 5). Patches containing EC and HPMC were 

found to show the thickness range in between 0.00129 em to 0.00214 em (Table 5.13, 

Chapter 5). Low standard deviation values observed in the thickness profile ofthe patches of 

both the combination ensure uniformity of the formulated patches and less batch variation. On 

the contrary formulations containing acrycoat S 100 and PVP (FVa and FVm) (Table 5.14, 

Chapter 5) and formulations containing HPMC and acrycoat S 100 (FYa and FYm) (Table 

5.12, Chapter 5) were found to give variable thicknesses and higher values of standard 

deviation. 

Weight variation study of the formulated patches revealed that the patches containing 

EC and PVP (Table 5.15, Chapter 5) have low standard deviation than the patches 

containing acrycoat S 100 and PVP (Table 5.18, Chapter 5). Transdermal patches showed 

less weight variation as well as low standard deviation and the range was in between 0.122 

gm to 0.141 gm for the patches composed of EC and PVP (Table 5.15, Chapter 5). 

Formulations containing EC and HPMC (Table 5.17, Chapter 5) showed less weight 

variation than the formulations containing HPMC and acrycoat S l 00 (Table 5.16, Chapter 

5). It was found that the weight variation for the patches containing EC and HPMC was in 

between 0.126 gm to 0.143 gm (Table 5.17, Chapter 5). 

The folding endurance values of all the patches were found satisfactory which 

indicates that the dibuty\ phthalate (30 % w/w of polymer) used as the plasticizer for the 

transderrnal patches, rendered good flexibility and restricted brittleness (Table 5.19 to 5.22, 

Chapter 5). Almost all the formulations prepared by using aluminium foil as the backing 

have shown optimum flatness and zero percent constriction whereas formulations prepared on 

mercury backing have shown little amount of constriction (Table 5.23 to 5.26, Chapter 5). 

From the results of various physical evaluations conducted on the initially formulated 

transdermal patches it is revealed that EC containing patches are better than the patches 

containing acrycoat S 100. So, for designing of final formulation and their in vitro and in vivo 

study EC, PVP and HPMC were selected as polymers to prepare matrix diffusion controlled 
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transdermal patches. Moreover the method in which aluminium foil was used to prepare 

backing membrane has been found more convenient and reproducible than the method where 

mercury was used as substrate. Hence, Approach 1 i.e. formulation of transdermal patches 

employing aluminium foil has been followed in the designing of final formulation. 

The transdermal patches of propranolol hydrochloride were prepared as monolithic 

matrices by solvent casting technique employing glass moulds of known diameter into which 

polyvinyl alcohol (PYA) backing membrane was cast previously. Both side opened glass 

moulds were wrapped with aluminium foil at one end and PV A backing as well as drug

polymer matrix was prepared. Transdermal patches were formulated by using three polymers 

in two combinations and in different propol'tions like EC with PVP (Table 6.1, Chapter 6) 

and EC with HPMC (Table 6.2, Chapter 6). Dibutyl phthalate (30 % w/w of polymer) and 

propranolol hydrochloride (20% w/w of polymer) in ethanol (1 0 ml) along with the polymers 

requisite ratios were prepared as the casting solution to formulate the transdermal patches. 

The percent moisture content (% w/w) and percent moisture uptake (% w/w) of the 

patches prepared with different proportion ofEC and PVP were found in between 0.9 to 6.25 

(% w/w) and 1.12 to 5.34 (% w/w) (Table 7.1, figure 7.1 and figure 7.2, Chapter 7) 

respectively. Whereas it was found to be 1.64 to 5.79 (% w/w) and 1.45 to 5.03 (% w/w) for 

the formulations prepared with EC and HPMC in different ratios (Table 7 .2, figure 7.3 and 

figure 7 .4, Chapter 7). It was observed that the moisture content increases gradually with the 

increase of hydrophilic polymer concentration. Moisture uptake profile of the transdermal 

patches was also tound to be increased with the increase in hydrophilic polymer 

concentrations. Formulations containing higher proportions of PVP and HPMC blended with 

EC (fTS5 > TTS4 > TTS3 and TDS5 > TDS4 > TDS3) were thereby found to show higher 

moisture content and moisture uptake in comparison to the patches containing lesser 

proportions ofPVP and HPMC (TTS6 < TTS7 < TTS8 < TTS9 < TTS10 and TDS6 < TDS7 

< TDS8 < TDS9 < TDSIO). Little moisture content of the formulations helps them not to 

become completely dried and brittle patches. Again low moisture uptake restricts the 

microbial contamination and bulkiness of the transdermal patches. 
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The tensile strength of the patches containing EC with PVP and EC with HPMC in 

different proportions were found to be in between 211.45 gm/cm2 to 280.89 gm/cm2 and 

195.47 gm/cm2 to 276.32 gm/cm2 (Table 7.3 and 7.4, Chapter 7) respectively. It was 

observed that with the increase in PVP and HPMC concentration, the tensile strength of the 

patches gradually decreased. 

The water vapour transmission was found to be least with the formulations containing 

less amount of hydrophilic polymer. Thus formulations TTS6, TTS7, TTS8, TTS9, TTSlO 

and TDS6, TDS7, TDS8, TDS9, TDSIO have shown lesser affinity towards water in 

comparison to the formulations TTSl, TTS2, TTS3, TTS4, TTS5 and TDSl, TDS2, TDS3, 

TDS4, TDS5; where proportions ofPVP and HPMC were more (Table 7.5 and 7.6, Chapter 

7). Patches containing EC with PVP and EC with HPMC showed a water vapour transmission 

profile within the range of0.51852 x 10-4 gm/cm/h to 3.09965 x 10-4 gm/cm/h and 0.90838 x 

10-
4 gm/cm/h to 2.95309 x 10-4 gm/cm/h respectively. Thus amongst all the formulations 

TTS6 and TDS6 have shown the least water vapour transmission profile may be due to having 

lesser concentrations ofPVP and HPMC with highest concentration of hydrophobic polymer 

EC. 

The drug content of the formulated patches was found to be less variable. Patches 

prepared with EC and PVP, the drug content was tound to be in between 19.86 mg to 19.94 

mg and it was in between 19.82 mg to 19.93 mg for the patches prepared with EC and HPMC 

(Table 7.7 and 7.8, Chapter 7) respectively. 

In vitro permeation of drug from the transdermal patches were carried out in modified 

Keshary-Chein diffusion cell through dialysis membrane using 100 ml phosphate buffer of pH 

7.4 as the diffusion media for a period of 48 hours. It was observed that the patches prepared 

with hydrophilic polymer in a higher concentration in the two series of formulations TTSI, 

TTS2, TTS3, TTS4, TTS5 and TDSI, TDS2, TDS3, TDS4, TDS5, where concentration of 

PVP and HPMC was used respectively in gradual increasing order, the release was very quick 

and the patches released more than 98 % of the loaded drug within 15 to 20 hours in case of 

formulations containing EC and PVP (Table 8.1 to 8.5, Chapter 8) and 14 to 20 hours in 
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case of formulations containing EC and HPMC (Table 8.11 to 8.15, Chapter 8) respectively. 

But the patches containing ethyl cellulose in a gradual increasing order of concentration in the 

formulations TTS6, TTS7, TTS8, TTS9, TTS 10 and TDS6, TDS7, TDS8, TDS9, TDS 1 0, 

where concentration ofPVP and HPMC was minimum have showed a sustained release of the 

loaded drug over an extended period of 48 hours (Table 8.6 to 8.10 and table 8.16 to 8.20, 

Chapter 8). 

The data obtained from the in vitro permeation study of all the transdermal patches 

were fitted to various kinetic models (Zero order, Higuchi, First order, Korsmeyer-peppas) to 

determine the kinetics of drug release from the drug-polymer matrix. Formulations TTS6. 

TTS7, TTS8 and TDS6, TDS7, TDS8 have showed the R2 value of 0.9967, 0.9969, 0.9952 

and 0.9919, 0.9974, 0.9912 respectively, when the permeation data was fitted to Zero order 

model (Figure 8.6, 8.7 and 8.8 and figure 8.16, 8.17 and 8.18, Chapter 8). The regression 

values suggest that the drug release from the transdermal patches was in a controlled fashion. 

It was evidenced that the formulations TTS6, TTS7 and TDS6, TDS7 exhibit the R2 value of 

0.9739, 0.9695 and 0.9861, 0.9667 (Figure 8.6, figure 8.7 and figure 8.16, figure 8.17, 

Chapter 8) respectively, when their in vitro permeation data was fitted to Higuchi kinetic 

model. This confirms the diffusional release pattern of the drug from these transdermal 

patches. R2 values obtained from the Korsmeyer-peppas kinetic model for the formulations 

TTS6, TTS7 and TDS6, TDS7 was found to be 0.9822, 0.9813 and 0.9883, 0.9777 

respectively (Figure 8.6, figure 8.7 and figure 8.16, figure 8.17, Chapter 8), which again 

supports the fact that drug release from the matrix patches was diffusion controlled. 

Korsmeyer's exponent (n) value was found to be 0.557, 0.548 and 0.5728, 0.5475 for the 

formulations TTS6, TTS7 and TDS6, TDS7 (Figure 8.6, figure 8.7 and figure 8.16, figure 

8.17, Chapter 8) respectively, which further suggest the Higuchi pattern or diffusion 

controlled drug release from these transdermal patches. From the formulations containing 

gradually less proportion of EC (TTS8, TTS9, TTS10 and TDS8, TDS9, TDSlO), the drug 

release was found to be faster (Table 8.8, 8.9 and 8.10 and table 8.18, 8.19 and 8.20, 

Chapter 8). Moreover the drug release was even quicker in the formulations containing 

higher proportions ofPVP and HPMC in this fashion TTS5 > TTS4 > TTS3 > TTS2 > TTSl 

and TDS5 > TDS4 > TDS3 > TDS2 > TDS 1 (Table 8.1, 8.2, 8.3, 8.4, and 8.5 and table 8.11, 
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8.12, 8.13, 8.14 and 8.15, Chapter 8) respectively. In vitro permeation data of these 

formulations when fitted to various kinetic models, almost all the formulations showed 

regression values obeying Higuchi pattern or diffusion controlled drug release. For the 

formulations TTSS, TTS4, TTS3, TTS2 and TTSl and TOSS, TDS4, TDS3, TDS2 and TDSl, 

the R2 values were found to be in between 0.9874 to 0.9911 and 0.9937 to 0.9959 respectively 

(Figure 8.1 to 8.5 and 8.11 to 8.15, Chapter 8) when fitted to Higuchi kinetic model. 

A comparative percentage cumulative drug release/cm2 (% CDR/cm2
) versus time 

prot1Je was plotted for all the transdermal patches composed of EC and PVP (Table 8.21, 

Figure 8.41, Chapter 8) and EC and HPMC (Table 8.22, Figure 8.42, Chapter 8). It was 

evident that the drug release pattern from the transdermal patches was dependent on 

proportions of hydrophilic and lipophilic polymers present in the matrix. By increasing the 

quantity of PVP in the drug-polymer matrix the fact was evidenced that PVP produces 

crystallization-free polymeric patches leading to higher drug release. Also PVP has 

antinucleating effect that changes crystalline drugs into higher energy amorphous state with 

good solubility. Initial rapid release of the loaded drug observed may be due to immediate 

dissolution from the surfuce of the patches by rapid leaching of hydrophilic fraction of the 

film formers. Leaching results in the formation of pores and thereby leads to the decrease of 

diffusional path length for the drug molecules to travel to reach dissolution media. It was 

found that formulation TTS6 and TDS6 have shown the most extended % CDR/cm2 of 101.44 

and I 00.8 in 48 hours amongst all the formulations (Table 8.21, figure 8.41 and table 8.22, 

figure 8.42, Chapter 8). 

All the formulations were subjected to in vitro skin permeation study of the loaded 

drug. Study was carried out using albino rat skin in modified Keshary-Chein diffusion cell 

taking 100 ml phosphate buffer of pH 7.4 as diffusion media. It was observed that the 

permeation of drug through the skin is little lesser than the drug permeation through dialysis 

sac. The data obtained from the in vitro permeation study of all the transdermal patches were 

fitted to various kinetic models (Zero order, Higuchi, First order, Korsmeyer-peppas) to 

determine the pattern of drug release from the drug-polymer matrix. Formulations TTS6, 

TTS7, TTS8 and TDS6, TDS7, TDS8 have showed the R2 value of 0.9816, 0.9687, 0.9745 
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and 0.9942, 0.9932, 0.9816 (Table 8.28 to 8.30 and table 8.38 to 8.40, Chapter 8) (Figure 

8.26 to 8.28 and figure 8.36 to 8.38, Chapter 8) respectively, when their in vitro skin 

permeation data was fitted to Higuchi kinetic model. It was observed that the release of the 

drug was followed by diffusion process. When the skin permeation data was fitted to Zero 

order model, the R2 values were found to be in between 0.8864 to 0.9037. Which implies drug 

release pattern was Jess controlled in comparison to the results observed after in vitro 

dissolution study. R2 values obtained after fitting the in vitro skin permeation data to the 

Korsmeyer-peppas kinetic model for the formulations TTS6, TTS7, TTS8 and TDS6, TDS7, 

TDS8 were found to be 0.9794, 0.9743, 0.9796 and 0.9959, 0.9901, 0.972 respectively, which 

supports the fact that drug release from the matrix patches was diffusion controlled. Again 

Korsmeyer's exponent (n) values were found to be 0.6986, 0.7276, 0.7133 and 0.5868, 

0.5538, 0.5321 respectively forthe formulations TTS6, TTS7, TTS8 and TDS6, TDS7, TDS8, 

which suggest diffusion controlled drug release from these transdermal patches (Figure 8.26 

to 8.28 and figure 8.36 to 8.38, Chapter 8). In vitro skin permeation data supports the 

findings from in vitro permeation study and confirmed the fact that increasing in the 

concentration of hydrophilic polymer in the transdermal patches would result in higher 

amount of drug release within a shorter period. It was evident from the % CDR/cm2 data after 

skin pem1eation ofthe formulations containing gradually less proportion ofEC (TTS8, TTS9, 

TTS 10 and TDS8, TDS9, TDS 1 0), the drug release was found to be faster (Table 8.43, figure 

8.43 and table 8.44, figure 8.44, Chapter 8). On the contrary the drug release was faster 

from the formulations containing higher proportions ofPVP and HPMC in this fushion TTS5 

> TTS4 > TTS3 > TTS2 > TTSI and TDS5 > TDS4 > TDS3 > TDS2 > TDSI (Table 8.43, 

figure 8.43 and table 8.44, figure 8.44, Chapter 8) respectively. It was observed that 

formulation TTS6 and TDS6 have shown the most extended % CDR/cm2 of 101.47 and 

100.28 in 54 hours and 53 hours respectively, amongst all the formulations (Table 8.43, 

figure 8.43 and table 8.38, figure 8.44, Chapter 8). 

The formulations TTS6 and TDS6 showing the best results in terms of in vitro 

permeation through dialysis membrane and in vitro skin permeation were taken for in vivo 

drug absorption study. Male healthy rabbits weighing l.5 - 1.7 kg were used for this study. 

Transderrnal patches were placed onto the clean dorsal surface of four rabbits constituting the 
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first set and immediately occluded with an adhesive tape. Four rabbits of the second set were 

administered 19 mg propranolol hydrochloride at every 6 hours interval for 48 hours. Data 

obtained after analyzing the samples by HPLC was plotted against plasma concentration 

(ng/ml) versus time (Table 8.45 and 8.46, Chapter 8) (Fignre 8.45 and 8.46, Chapter 8). 

From the graph it was evident that up to 24- 25 hours there was increase in the release of the 

drug from the formulation TTS6, after which it maintained a constant. At 24 hours the 

concentration of the drug was 14.2793 ng/ml, which extends up to 48 hours giving a 

concentration of 14.5651 ng/ml of the fmmulation TTS6 (Table 8.45, fignre 8.45, Chapter 

8). For formulation TDS6 drug concentration was found to be 13.2982 ng/ml after 24 hours 

after which there was slight increase in the drug concentration which was found to be 13.4757 

ng/ml at 48 hours (Table 8.46, figure 8.46, Chapter 8). A distinct trough and peak has been 

observed when the data was plotted against plasma concentration (ng/ml) versus time for 

orally administered propranolol hydrochloride (Table 8.45 and 8.46, figure 8.45 and 8.46, 

Chapter 8). After every 6- 7 hours there was declination in the drug plasma concentration. It 

was clearly observed that for both the transdennal formulations (TTS6 and TDS6), the drug 

concentrations in plasma were increased during the initial hours and remained consistent up to 

48 hours. 

The scanning electron microscopic (SEM) examination of the patches showed best 

performances by the formulation code TTS6 and TDS6. Transdermal patches at different 

conditions like blank patch without drug, drug loaded patch and patch after skin permeation 

were taken for the study. Blank patches (Figure 7.5 and 7 .6, Chapter 7) and drug loaded 

patches (Figure 7.7a and 7.7b and figure 7.8a and 7.8b, Chapter 7) were seemed to be 

formed uniformly. The SEM photograph revealed the formation of a homogeneous layer of 

the drug-polymer matrix films. Patches after skin permeation study have appeared with the 

void spaces in the films, which indicate the release ofthe drug from the patches (Figure 7.9a 

and 7.9b and figure 7 .lOa and 7.10b, Chapter 7). 
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SUMMARY AND CONCLUSION 

10.1 Summary of chapter 1: 

The strategies used by the pharmaceutical industry for discovery of a potential new 

drug delivery system have been changed dramatically in recent years. These changes in 

strategy present new challenges and opportunities for the application of new methodologies in 

the drug delivery processes. The study of the controlled release of drugs for their extended 

and safe use has become an important field of research and drug delivery to the systemic 

circulation through the intact skin is one of the most potential areas of controlled release of 

drugs. Skin is one ofthe most readily accessible organs ofthe human body and large numbers 

of drugs are successfully administered through the skin from different types of transdermal 

formulations. Formulations applied on skin can be classified into two categories according to 

the target site of action of the containing drugs. One has systemic action after drug uptake 

from the cutaneous microvascular network and the other exhibits local effects in the skin. 

Theoretically, the two most important advantages of transderma] delivery of drugs are (1) 

reduction of side effects due to optimization of the blood concentration-time profile; and (2) 

extended duration of activity, which allows greater patient compliance owing to elimination 

of multiple dosing schedules. The simply designed transdermal patch has undergone a 

dramatic transformation over the past decade. [n its strictest sense, all transdermal systems 

attempt to create a balance between a number of key factors including size of patch or 

coverage area, concentration of the drug, duration of therapeutic drug level, and use of an 

enhancer. The first transdermal systems were simply pieces of plastic dipped into a drug that 

was dissolved in alcohoL The plastic had an adhesive around the edges. Later on drug in the 

adhesive type of transdermal patches has been designed which was associated with the 

advantages of minimum or no skin irritation. Recently patches have come up with an acrylic 

reservoir that holds the drug. Silicon adhesive is added to create the semisolid suspension of 

microscopic, concentrated drug cells. Three main factors like physicochemical properties of 

the penetrant molecule, drug delivery system and physiological and pathological conditions of 

the skin govern the permeation of any drug through skin. Transdermal permeation of a drug 

involves mainly three steps like sorption by stratum corneum, penetration of drug through 

viable epidermis and uptake of the drug by the capillary network in the dermal papillary layer. 

Different formulation approaches have been made so far like matrix type, reservoir type, 
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micro-sealed drug delivery device, macromolecular type and poroplastic type to serve a wide 

range of benefits to the user. Requirements of materials in the preparation of matrix type 

transdermal patches include polymer matrix or matrices, the drug, permeation enhancers and 

other excipients like plasticizer, solvent etc. The compact and stressful schedule of today's 

life is inevitable and often results in high blood pressure level, which is the common disorder 

covering almost all age group and if not treated effectively, results in a greatly increased 

probability of coronary thrombosis, strokes and renal failure. Until about 1950, there was no 

effuctive treatment, and the development of antihypertensive drugs, which greatly increase 

life expectancy, has been a major, but largely unsung, therapeutic success story. Wide ranges 

of antihypertensive drugs are available now for the effective control of hypertension but still 

many of them are yet to be formulated in to the dosage form oftransdermal patch. 

10.2 Summary of chapter 2: 

Researchers have demonstrated effective formulations of transdermal delivery system 

of variety of drugs ranged from analgesics to steroidal drugs and hormones to 

antihypertensive drugs. Several investigations were carried out to assess the reproducibility of 

the formulated devices and to ensure superior safety profile and desired dmg release. Many 

drugs like dexamethasone, diclofenac sodium, verapamil hydrochloride etc has been 

enthralled to formuJate as transdermat patches. Effect ofvarious polymers on the dmg release 

was also investigated and many polymers like ethyl cellulose, polyvinyl pyrrolidone, 

polyvinyl alcohol etc were found to have great potential to control the release of contained 

drug when incorporated in the formulation in optimum concentration and combination. 

Extensive studies also has been carried out on the permeation enhancing activity of many 

compounds like ethanol, polyethylene glycol 400, isopropyl myristate, propylene glycol 

monolaurate, diethylene glycol monoethyl ether etc and they were found to increase the 

permeation through the skin for the drugs showing poor permeability. 

10.3 Summary of chapter 3: 

Hypertension results from increased peripheral vascular smooth muscle tone, which 

leads to increased arteriolar resistance and reduced capacitance of the venous system. The 

incidence of morbidity and mortality significantly decreases when hypertension is diagnosed 
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early and is treated properly. J3-blockers are proved to be effective in controlling hypertension 

and are currently recommended as first line drug therapy for hypertension when indicated. 

Propranolol hydrochloride is a synthetic J3-adrenergic receptor blocking agent and plays its 

role sequentially by decreasing cardiac out put, by inhibiting rennin release by the kidneys 

and by reducing the tonic sympathetic nerve outflow vasomotor centers in the brain. 

Propranolol hydrochloride is a white to off-white odorless crystalline powder soluble in water 

and in alcohol, slightly soluble in chloroform and practically insoluble in ether. The drug has 

a poor oral bioavailability of l 0 to 50 % with a low plasma half life of 3 to 6 hours which 

suggest controlled release formulation of the drug. 

10.4 Summary ofchapter4: 

Various polymers like ethyl cellulose, polyvinyl pyrrolidone, hydroxypropyl methyl 

cellulose and acrycoat SlOO has been used to formulate the transdermal patches of 

propranolol hydrochloride. Ethyl cellulose (EC) has got solubility in a variety of organic 

solvents and is miscible with various water soluble materials. Acrycoat SlOO is a methacrylic 

acid copolymer type-B and is insoluble in acids and in pure water; soluble in neutral to 

weakly alkaline medium. Both the polymers (EC and acrycoat SlOO) were chosen to render 

hydrophobicity to the transdermal patch formulations. Polyvinylpyrrolidone (PVP) is a white 

to slightly creamy-white, hygroscopic powder and is freely soluble in water, in alcohol and in 

methyl alcohol, slightly soluble in acetone, practically insoluble in ether. Hydroxypropyl 

methyl cellulose (HPMC) is an odorless, tasteless, white or creamy white fibrous or granular 

powder and is soluble in cold water, insoluble in ether and chloroform, but soluble in mixture 

of methylene chloride and methanol. These two polymers (PVP and HPMC) were intended to 

provide hydrophilicity to the formulated patches. All the polymers were investigated m 

respect to their ability of controlling the release of containing drug from the formulations. 

Other excipient like polyvinyl alcohol is a yellowish white powder or transparent 

granules and is soluble in water, slightly soluble in dehydrated alcohol; practically insoluble 

in acetone. Polyvinyl alcohol (PVA) is used in the present study to prepare the impermeable 

backing membrane on to which the drug-polymer film has been prepared by casting. Dibutyl 

phthalate used to give plasticity to the patches is a clear, oily, colorless or very slightly yellow 
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liquid, practically insoluble in water, miscible with alcohol and ether. Casting solution 

composed of the polymers, drug and plasticizer was prepared by using ethanol as the solvent. 

10.5 Summary of chapter 5: 

The drug under study propranolol hydrochloride has been confirmed for any possible 

impurities and interaction with the excipients. Assay of propranolol hydrochloride was carried 

out potentiometrically and the percent purity was found to be 99.15 (w/v). Standard curves of 

the drug were prepared by using spectrophotometric method and HPLC method. Drug

polymer interaction study was carried out using FT -IR spectrophotometer and the analysis of 

peaks confirmed the compatibility of the drug with polymers. 

Initial patch formulations were prepared by employing both glass moulds wrapped 

with aluminium foil and mercury within petridishes as the backing support. Polyvinyl alcohol 

has been used to form the impermeable backing film on to which the drug-polymer film was 

formed. Transdermal patches were formulated by framing four combinations of the polymers 

(EC, PVP, HPMC and acrycoat SIOO), each of which were contained dibutyl phthalate and 

the drug. 

AU the transdermal patch formulations were then subjected to various physical 

evaluations like physical appearance, thickness, weight variation, folding endurance, percent 

flatness etc. Transdermal patches of propranolol hydrochloride prepared by using glass 

moulds wrapped with aluminium foil were found to have better smoothness, flexibility and 

were easily removed from the moulds in comparison to the patches prepared by using 

mercury as the substrate. Low standard deviations were found when the results of thickness 

data, weight variation data and folding endurance data were compared for the patches 

prepared by using aluminium foil with the patches prepared by using mercury backing. 

Patches were found to show I 00 % flatness where aluminium foil was used, whereas there 

was few amount of constriction observed for the patches where mercury was used. From the 

results of various physical evaluations conducted on the formulated transdermal patches it 

was evidenced that ethyl cellulose containing patches are better than the patches containing 

acrycoat S 100. So, for designing of final formulation and their in vitro and in vivo study ethyl 
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cellulose, polyvinyl pyrrolidone and hydroxypropyl methyl cellulose were selected as 

polymers to prepare matrix diffusion controlled transdermal patches. Moreover the method in 

which aluminium foil was used to prepare backing membrane has been found to be more 

convenient and reproducible than the method where mercury was used as substrate. 

10.6 Summary of chapter 6: 

Transdermal patches of propranolol hydrochloride were finally prepared by using 

three polymers (EC, PVP and acrycoat SlOO) in different combination and different 

proportion along with the dibutyl phthalate as the plasticizer. Polyvinyl alcohol was 

homogeneously mixed with warm distilled water and the resulting solution was poured in the 

moulds wrapped with aluminium foil and the moulds were then dried. Matrix type 

transdermal patches containing propranolol hydro~hloride were prepared using different ratios 

of ethyl ceHulose (EC) with polyvinyl pyrrolidone (PVP) and ethyl cellulose with 

hydroxypropyl methyl cellulose (HPMC) combination by solvent evaporation technique in the 

cylindrical glass moulds containing PV A backing membrane. The two polymers in each 

combination were weighed in requisite ratio and were then dissolved in ethanoL The ratios of 

the polymers were varied for all the formulations keeping the total weight fixed. Dibutyl 

phthalate and propranolol hydrochloride were added to the casting solution containing the 

polymers and a homogeneous dispersion was made. The dispersion was then cast on the 

prepared PV A backing membrane in each mould. The rate of evaporation was controBed by 

inverting a funnel over the mould. 

10.7 Summary of chapter 7: 

AU the formulated transdermal patches were then subjected to various 

physicochemical evaluations like moisture content, moisture uptake, tensile strength, water 

vapor transmission rate etc. Patches with higher concentrations of hydrophilic polymers (PVP 

and HPMC) blended with ethyl cellulose were found to show higher amount of moisture 

content and moisture uptake. Whereas patches with higher concentrations of hydrophobic 

polymer (EC) blended with PVP and HPMC were found to show lesser amount of moisture 

content and moisture uptake. Increase in the concentration of PVP and HPMC in the 

formulations were found to results in decrease of tensile strength. Transderrnal patches 
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composed of higher proportion of ethyl cellulose have showed a lesser affinity towards water, 

whereas higher proportions of PVP and HPMC in the patches rendered increased affinity 

towards water. Drug content of the formulated patches of propranolol hydrochloride were 

found to be more than 99 %. Selective electron microscopy (SEM) examination of the patches 

at different conditions like blank (without drug), before permeation study, and after 

permeation study revealed the fact that transdermal patches were smooth, uniform and were 

having pores indicating the released portions ofloaded drug. 

10.8 Summary of chapter 8: 

Propranolol hydrochloride transdermal patches were studied for their in vitro drug 

release through dialysis membrane. Other than confirming the polymer dissolution criteria, 

this study was conducted to verify the ability of the drug to be released from the formulation 

and to check the permeability of the drug through a semi permeable membrane without 

agglomeration. In vitro permeation studies were carried out using modified Keshary-Chien 

diffusion celL The dialysis sac was previously soaked for 24 hours in distilled water. The 

patches were adhered to the barrier membrane (dialysis membrane) and the sac is tied firmly 

to the donor compartment of the Keshary-Chien diffusion cell, the receptor compartment of 

which is filled with 100 ml phosphate buffer of pH 7.4. The donor compartment is lowered to 

the receptor compartment in such a way that the dialysis sac just touches the media of the 

receptor compartment. The total setup was placed on a thermostatically controlled magnetic 

stirrer set at 37 ± 1 °C and the content of the diffusion cell was stirred using a teflon coated 

bead at a constant speed (100 rpm). Up to 48 hours samples were withdrawn (1 ml) at 

predetermined time intervals and replaced with same amount of phosphate buffer of pH 7.4 to 

maintain the sink condition. After suitable dilution, the samples were analyzed for drug 

content using UV spectrophotometer at 'A max 290 nm against a blank. It was observed that the 

patches prepared with hydrophilic polymer (PVP and/or HPMC) in a higher concentration, 

the release of drug was very quick and the patches released more than 98 % of the loaded 

drug within 15 to 20 hours in case ofEC-PVP formulations and 14 to 20 hours in case ofEC

HPMC formulations respectively. But the patches containing ethyl cellulose in a gradual 

increasing order of concentration with minimum concentration of PVP and HPMC have 

showed a sustained release of the loaded drug over an extended period of 48 hours. 
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The data obtained from the in vitro permeation study of all the transdermal patches 

were fitted to various kinetic models (Zero order, Higuchi, First order, Korsmeyer-peppas) to 

determine the kinetics of drug release from the drug-polymer matrix. Higher proportions of 

hydrophobic polymer blended with minimum concentration of hydrophilic polymer in two 

combinations (EC:PVP and EC:HPMC) have showed good regression (R2
) values obeying 

Zero order, which suggests controlled release of the loaded drug. Almost all the formulations 

exhibited R 2 values close to 1 when data was fitted to Higuchi and Korsmeyer-peppas kinetic 

model, which suggest diffusion dominated release of the drug. Korsmeyer's exponent (n) 

values were close to 5, which further confirmed the diffusional drug release from the 

formulations. It was found that formulations containing maximum concentration of 

hydrophobic polymer along with minimum concentration of hydrophilic polymer in both the 

combinations have showTi the most extended% cumulative drug release/cm2 amongst the 

formulations. 

Ali the formulations were subjected to in vitro skin permeation study using albino rat 

skin in modified Keshary-Chein diffusion cell taking 100 ml phosphate buffer of pH 7.4 as 

diffusion media. The data obtained from the in vitro permeation study of all the transdermal 

patches were fitted to the kinetic models (Zero order, Higuchi, First order, Korsmeyer

peppas) as performed in case of in vitro diffusion through dialysis membrane to determine the 

pattern of drug release from the drug-polymer matrix. When data was fitted to different 

kinetic models, formulations containing EC with PVP and EC with HPMC have showed good 

R2 values supporting the findings of permeation study using dialysis membrane. AU the 

f01mulations have showed the R2 values in between 0.9532 to 0.9955, when their in vitro skin 

permeation data was fitted to Higuchi kinetic model indicating the diffusion type drug release. 

When data was fitted to Zero order model, the R 2 values were found to be in between 0.8864 

to 0.9037. Which implies drug release pattern was less controlled in comparison to the results 

observed after in vitro permeation study through dialysis membrane. R2 values obtained after 

fitting the data to the Korsmeyer-peppas kinetic model for the patches were found to be in 

between 0.948 to 0.9957, which dictates that the drug release was diffusion controlled. Again 

Korsmeyer's exponent (n) values were found to be close to 5, which suggest diffusion 

controlled drug release. It was evident from the % cumulative drug release data after skin 
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permeation study that the drug release was faster from the patches containing gradually less 

proportion of EC and higher proportion of PVP and or HPMC. Formulations containing 

maximum concentrations of hydrophobic polymers along with minimum concentration of 

hydrophilic polymer in the combinations like EC:PVP and EC:HPMC have shown the most 

extended %cumulative drug release/cm2 of 101 .47 and 100.28 up to 54 hours and 53 hours 

respectively, amongst all the formulations. 

In vivo drug absorption study was carried out for both the best result showing 

formulations containing EC:PVP (10:1) and EC:HPMC of the entire lot. When the data was 

plotted against plasma concentration (ng/ml) versus time after analyzing the samples by 

HPLC, it was found that up to 24-25 hours there was increase in the release of the drug after 

which it maintained a constant. The concentration ofthe drug was found to be 14.2793 ng/ml 

at 24 hours and was extended up to 48 hours giving a concentration of 14.5651 ng/ml of the 

formulation containing EC and PVP. For formulation containing EC and HPMC, the drug 

concentration was found to be 13.2982 ng/ml after 24 hours after which there was slight 

increase in the drug concentration which was found to be 13.4757 ng/ml at 48 hours. Drug 

concentrations in p1asma were increased during the initial hours for both the formulations, 

after which a steady concentration in plasma has been observed. A distinct trough and peak 

has been observed when the data was plotted against plasma concentration (ng/ml) versus 

time for orally administered propranolol hydrochloride and declination in the drug plasma 

concentration has been observed after every 6 -- 7 hours. 

10.9 Conclusion: 

Propranolol hydrochloride is a f3-adrenergic receptor blocking agent and well 

indicated in hypertension, angina pectoris and in arrhythmia. Poor oral bioavailability and 

short plasma half-life of propranolol hydrochloride call for alternative route of administration 

and alternative dosage form of the drug. Formulation of transdermal patches is an attempt 

made to achieve the release of the drug for extended period oftime to reduce the frequency of 

doses. Different concentrations of polymers in two combinations i.e. ethyl cellulose with 

polyvinyl pyrrolidone and ethyl cellulose with hydroxypropyl methyl cellulose in the 

transdermal patches of propranolol hydrochloride were found to impart variable 
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physicochemical properties to the patches. Higher concentrations of hydrophobic polymer 

ethyl cellulose blended with minimum concentrations of hydrophilic polymers i.e. polyvinyl 

pyrrolidone and hydroxypropyl methyl cellulose were found to show better results when 

evaluated for various physicochemical properties. In vitro permeation phenomena of the drug 

through rat skin were found to support the findings of permeation studies through dialysis 

membrane and revealed that minimum content of hydrophilic polymer along with higher 

content of hydrophobic polymer results in extended release of the drug from the formulations. 

In vivo absorption studies of the patches confirmed the steady concentration of the drug in 

plasma with minimal fluctuation, whereas a distinct trough and peak has been observed in the 

plasma concentration of the drug after oral administration. Thus propranolol hydrochloride 

can be delivered effectively through skin from the transdermal patches to maintain a steady 

concentration in plasma for extended period of time. 
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Abstract 

Propranolol hydrochloride is. a non-selective beta-adrenergic blocking age;nt and clinically used in angina 

pectoris, cardiac arrhythmia 91Jfl ifl. hypertension. It inhibits response to adrene-rgic stimuJi by competitively 

blocking beta-adrenetgk rec~ptqrs in th"e myocardium, bronchial and vascular smooth muscles. The drug has 

been reported for potentixd q_tlmirzi'str:ation through transdermal route. Presetzt investigation was carried out to 

study the effect of tlif!irentprojJQr~ions ofethyl cellulose and polyvinyl pyfrolidone, a hydrophobic and a 

hydrophilic polymer respectively, en the. permeation profile of the drug across the rat abdomen for the 

development of a reptQdur:;ible tralJ;'sdermal ti:Jenipeutic system ofpropranolol hydrochloride. Transdef111.al films 

wereprepared using tendif(eteru. combinations of the two polymers by solvent evaporation technique. Polyvinyl 

alcohol was used to prepare the backing membrane and dibutyl phthalate as plasticizer. Several 

physicochemical parameters like moisture content, moisture loss, thickness, film folding endurance, tensile 

strength and film elongation w~,-e studied.· For all the formulations, skin permeation of the d171g through rat 

abdomen was studied using Keshary.Chien diffusion cell. Formulations with highest proportion of polyvinyl 

pyrrolidone shows faster release over a day's span whereas increasing proportion of ethyl cellulose produces a 

prolonged regimen of susralned (!rug delivery through transdermal route for a period of more thari a day. The 

present studyhas.demonstrated the potential of the fabricated matrix films for prolonged release of propranolol 
hydrochloride. 

Key words: Propranolol hydrochloride, transdermal.therapeutic system (ITS), ethylcellulose (EC), polyvinyl 
pyrrolidone ( FVP ). 

INTRODUCTION 

Though the concept of transdermal therapeutic system 
(TTS) of drug delivery has been well known since 

1924, it is only in the year of 1979, with FDA approval 

of scopolamine transdermal systems, the TTS have 

received broad impact on the scenario of novel dosage 

forms 1• Transdermal therapeutic systems are designed 
for controlled drug delivery through the skin into 

systemic circulation maintaining consistent efficacy and 

reducing dose of the drug and it's related side effects2
-
3

. 
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It provides an alternate route of drug delivery avoiding 

the hepatic first pass effect. It also improves patient 
4 compliance, safety and efficacy of the drug . 

Propranolol hydrochloride is used in the treatment of 

angina pectoris, cardiac arrhythmia and hypertension. It 

is the drug of choice for sustained release formulation 

since it has a low terminal elimination half life of about 

3 to 5 hr, which requires frequent dosing necessary to 

maintain the therapeutic blood level for a long term 
treatment. The drug shows considerable first pass 

metabolism in the liver and thereby has poor 

bioavailability (15-23%) when administered oran/·6 

and the low molecular weight (295.81) of the drug 
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gain indicates it's suitability for administration by the 

~ansdermal route. Propranolol hydrochloride 

:ansdermal films were prepared using ten different 

ombinations of the two polymers namely ethyl 

ellulose (EC) and polyvinyl pyrrolidone (PVP) by 

olvent evaporation technique. Polyvinyl alcohol (4% 

v/v) was used to prepare the backing membrane and 

libutyl phthalate (30% w/w) as plasticizer. 

:oncentration of drug was maintained at 20% w/w for 

Jl the formulations. Several physicochemical 

1arameters like moisture content; moisture uptake, film 

hickness, film folding endurance, tensile strength and 

ilm elongation were evaluated. For all the 

ormulations, permeation of the drug through the 

xcised abdominal skin of rat was studied using 

Ceshary-Chien diffusion ceJC 8
. 

viATERIALS AND METHOD 
~thyl cellulose (20cps), polyvinyl pyrrolidone (K30), 

1olyvinyl alcohol (PV A) and dibutyl phthalate were 

1rocured from S.D.Fine Chern. Ltd. Mumbai. 

>ropranolol hydrochloride was received as generous 

~ift sample from Sun Pharmaceuticals Ltd., Baroda, 

}ujarat. All other chemicals and solvents used were of 

malytical grade. 

>reparation of the transdermal patches: 

v1atrix type transdermal patches containiHg propranolol 

1ydrochloride were prepared using different ratios 

Table 1) of EC and PVP by solvent evaporation 

echnique in cylindrical glass moulds opened from both 

md. The bottom of the mould was wrapped with 

Lluminum foil on which the backing membrane was 

:ast by pouring 4% w/v PV A solution in distilled water 

'ollowed by drying at 60°C for 6 h in an oven9
. The two 

>olymers were weighed in requisite ratio and they were 

hen dissolved in chloroform. The ratios of the 

Jolymers were varied for all the formulations keeping 

he total weight fixed at 500 mg. Dibutyl phthalate 

\0% w/w of polymer composition was added as 

>lasticizer. Propranolol hydrochloride at a 

:oncentration of 20% w/w of polymer was added and 

:tirred with a mechanical stirrer to get a homogeneous 

lispersion. The dispersion (2ml) was cast on the 

>repared PV A backing membrane in each mould. The 

·ate of evaporation was controlled by inverting a funnel 

wer the mould and dried at 40°C for 6 h in hot air 

oven. After drying they were kept in desiccator for 

further study. 

Evaluations of transdermal patches: 

Moisture content: 
The prepared films were marked, weighed and kept in 

desiccator contammg activated silica at room 

temperature for 24 h. The individual films were 

weighed on every alternate day until a constant weight 

was achieved. The percentage of moisture content was 

calculated10 by determining the difference between 

initial and final weight with respect to final weight. The 

mean value of three replicates of weight was used for 

calculation. 

Moisture loss: 
A weighed film kept in a desiccator at normal room 

temperature for 24 h, was taken out and exposed to 

84% relative humidity (standard solution of potassium 

chloride) in a desiccator until a constant weight for the 

film was obtained. The percentage of moisture loss was 

calculated 10 by determining the difference between final 

and initial weight with respect to initial weight. The 

mean value of three replicates of weight was used for 

calculation. 

Folding endurance: 
Folding endurance of the film was determined manually 

by folding a small strip of the film at the same place till 

it breaks. The maximum number of folding operation 

done at the same pla~e of the film without breaking, 

gives the value of folding endurance, where the 

cracking point of the films were considered as the end 

point 11
• 

Thickness: 
The thickness of each film was measured at five 

different sites t.Ising a meter gauge (Mercer, USA) and 

the mean thickness was calculated12
. 

Elongation and tensile strength: 
The tensile strength measurement was made using an 

instrument assembled in the laboratory and following 

the method used by Sadhana et al 12 The films were 

fixed individually to the assembly. The required 

weights to break the films were noted. Percentage of 

elongation of the films was measured by attaching a 

pointer mounted on the assembly. Tensile strength was 

calculated by using the following formula. The results 

are given in Table 1. 

Tensile strength= (break force/ax b) x (l+L/I) 
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Where, a, b, L and I are the width, thickness, length and 

elongation of the films. 

Skin permeation study: 

Skin permeation study of the transdermal therapeutic 

systems was carried out using Keshary-Chien 

permeation cell. The skin of an albino rat was removed 

from the abdominal portion after sacrificing the rat. It 

was made free from hair and fat by treating with 0.32 M 

ammonia solution for 35 min. The transdermal 
therapeutic system of 3.08 cm2 area was mounted 

between the donor and receptor compartments of the 

diffusion cell keeping intimate contact with the stratum 

corneal side of the skin 13
. The receptor compartment 

was filled with 25 ml of phosphate buffer of pH 7.4. 

The cell was placed in a water bath maintained at 37 ± 
1 °C on a magnetic stirrer and stining was continued 

throughout the experiment. At regular intervals over a 

period of 24 h, samples were withdrawn and 

simultaneously compensation was made with same 

volume of buffer. The samples were then analyzed 

spectrophotometrically at 290 nm against a blank. 

Scanning electron microscopy: 

The surface morphologies of the films showed better 

permeation were investigated by using Scanning 

Electron Microscope, model Jeol JSM-5200, Japan, at 

15 kV. Prior to examination, the samples were gold

coated to render them electrically conductive 14
. 

RESULTS AND DISCUSSION 

In this study, various matrix type transdermal patches 

containing propranolol hydrochloride with variable 

combinations of EC and PVP were prepared and 

prolonged release of the drug through the matrix films 
was demonstrated. 

The physicochemical parameters and the release 

characteristics were studied on the fabricated patches. 

The moisture content and the moisture loss (Fig 1) of 

the various formulations exhibit that with the increase 

in the concentration of hydrophilic polymer (PVP), both 

the percentage moisture content and the percentage 

moisture loss was increased. The low moisture content 

in the formulations helps them to remain stable and 

prevent from being a completely dried and brittle film. 

Again, a low moisture uptake protects the material from 

microbial contamination and limits the bulkiness of the 

patches. In this respect, formulation TTS6 showed best 
result amongst all the formulations. 

Folding endurance was found to be varied between 61 ± 
3.78 to 260 ± 5.20 (Table 1). It was found that films 

with high proportion of PVP showed drastic reduction 

in film endurance. Changes in the proportion of EC did 

not affect much on the mean folding endurance of the 

films but it is evident from the result that higher the EC 

proportion more was the film endurance. Formulation 

TTS6 showed an optimum endurance (240 ± 5.46). 

With the increase in the proportion of the PVP in the 

film, the tensile strength and the thickness of the films 

was found to be significantly decreased (Table 1), but 

the variation in percentage elongation was found to be 

insignificant over the different proportions of EC and 

PVP used. Formulation TTS6 showed less percentage 

elongation and high tensile strength in comparison to 

the formulation TTS5, which indicated that the films 

containing more proportion of EC are relatively more 

strong and tough compared to the films containing more 

proportion of PVP. 

The graphical representation of the cumulative 

percentage of drug permeated as a function of time 

through the rat skin is presented in Fig 2. From the 

figure it is evident that high proportion of hydrophilic 

polymer (PVP) enhances permeation rate. Formulation 

TTS6 and TTS7 with higher concentration of EC 

showed prolonged permeation of drug in comparison to 

other formulated patches. It was observed that from the 

formulation TTS6 only 39% of the drug was penneated 

in 24 h whereas the permeation was 85% from the 

formulation TTS5 within that period. 

Fig 3 is the SEM photograph of the film containing 

both the polymers and the plasticizer without the drug. 

Fig 4 is the SEM photograph of the drug loaded film 

before skin permeation study, which exhibits surface 

uniformity of the film. The pores on the film as 

visualized in Fig 5 are due to the drug released from the 

polymer matrix after permeation through skin. 

In conclusion, skin permeation of propranolol 

hydrochloride from its transdermal patches showed that 

the films containing higher proportion of PVP are 

suitable for once a day drug delivery and the films 

containing higher proportion of EC showed suitability 

for a prolonged regimen of sustained drug delivery 

through transdermal route for a peiiod of more than 24 

h. The results of the study give a rational guideline for 

formulating a sustained release transdermal therapeutic 
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Tablel: Formulation design and study of various physical parameters of the transdermal therapeutic systems of 

propranolol hydrochloride. 
Mean 

Mean 
Mean Tensile Mean folding 

Ratio of Thickness 
Elongation (%) 

strength endurance 
Sl. No. Formulation code polymers (EC: (l.un) 

n=3 
(grnlcm2

) n=5 
PVP) n=3 

(±=S.d.) 
n=3 (±=S.d.) 

(+ = s.d.) (±=S.d.) 
I. TTS1 1:2 115 ±0.9 23.22 251.36 261±5.21 
2. TTS2 1:4 116 ± 0.9 24.21 243.67 208±6.74 
3. TTS3 1:6 110 ± 0.8 22.28 221.54 183±6.21 
+. TTS4 1:8 109±0.4 25.10 215.58 101±5.51 
5. TTS5 1:10 104 ± 0.8 23.30 211.45 62±3.78 
J. TTS6 10:1 125 ± 0.8 20.40 280.52 240±5.46 

TTS7 8:1 126 ± 0.4 21.65 280.89 233±6.73 
) TTS8 6:1 119 ± 1.0 20.00 261.48 220±7.84 '· 
) TTS9 4:1 !20 ± l.O 22.10 257.60 211±6.46 
0. TTSJO 2:1 117 + 0.9 21.41 253.52 202±5.37 

n =number of repeated observation. ; s.d. =standard deviation. 
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ig 2: Comparison of in-vitro permeation rate profile of matrix diffusion controlled Propranolol hydrochloride 

TS through rat abdominal skin. Patches with different concentrations of EC and PVP that include (-•-) I :2, 
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Fig 3: SEM photograph oftlze blank film containing EC 
andPVP. 

Fig 4: SEM photograph of the drug-loaded film before skin 
permeation study. 

Fig 5: SEM photograph of the exhausted.film after skin permeation study 

system of Propranolol hydrochloride for effective 

therapy and prophylaxis of angma pectoris, cardiac 

arrhythmia and hypertension. 
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