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1. Transdermal Drug Delivery System 
 

The aim of designing any drug delivery system is to supply a specific amount of drug to 

the site of action within therapeutic range and to maintain suitable plasma concentration 

in body fluid for a desired time period (1-6). A controlled release drug delivery may be 

defined as a system that implies a predictability and reproducibility in the drug release 

kinetics (7). Currently, pharmaceutical research is focused on development of controlled 

release drug delivery system. Controlled drug delivery supports to avoid various 

complications related to conventional therapy such as unwanted side effects, high cost of 

medication, high frequency of dose administration and poor patient compliance. 

Extensive efforts have been focused on designing a system that delivers therapeutically 

active amount of drug in a specific region of the body to enhance bioavailability and 

reduce unwanted effects. Apart from usual conventional and controlled released dosage 

forms, transdermal patches have been widely studied (8, 9). Transdermal patches are 

dosage forms developed to deliver a therapeutically active amount of drug across a 

patient’s skin(10). Transdermal drug delivery systems are designed to facilitate passage 

of drug substances from surface of skin through its various layers into the systemic 

circulation. Transdermal patch of scopolamine was the first patch approved by US food 

and drug administration (FDA) in 1979 for motion sickness associated by traveling 

particularly sea voyage. These patches were formulated and marketed by ALZA 

Mountain View CA (USA) with the commercial name of Transderm-Scop in 1981. 

Transdermal drug delivery system has leading edge to treat chronic diseases like asthma 

(11, 12). 

 
1.1. Types of Transdermal Drug Delivery System 

 

Type and design of transdermal formulation depends upon the desired characteristics like 

release pattern and permeation profile of drug from the delivery system. Main types of 

transdermal patches are single-layer or multi layers drug-in-adhesives, reservoirs and 

matrixes type transdermal drug delivery systems. 
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1.1.1. Matrix 
 

The system consists of semisolid polymeric matrix. Drug is dissolved or suspended in 

matrix. In addition, system also contains a non-permeable backing membrane and 

adhesive liner. Drug release kinetics may follow the First order or Zero order depending 

upon polymeric combinations and drug loading pattern. In matrix type transdermal drug 

delivery system, patches can be cut into desired shape and size (13). 

 
1.1.2. Single-layer and Multi-layer Drug-in-adhesive 

 

This system consists of an adhesive membrane which adhere different membranes of 

system together and sticks the patch to skin. As the drug is added to same layer, adhesive 

membrane is responsible to release drug as well. System also contains a temporary 

release liner and backing membrane. In multi-layer drug in adhesive patches, adhesive 

membrane is responsible for immediate release of drug. In this respect, it is similar to 

single layer drug in adhesive patches while it is different because a separate drug layer 

acts as drug reservoir for controlled release of drug. The system also has a temporary 

liner but a permanent backing membrane (10, 14). 

 
1.1.3. Reservoir 

 

Reservoir system has a separate drug layer consisting of a drug solution or suspension in 

liquid or semisolid form sandwiched between drug impermeable backing membrane and 

a microporous semi permeable release liner or rate controlling membrane adjuvant with 

adhesive membrane. Release of drug from reservoir device follows Zero order kinetics. 

Cutting of reservoir types of patches alters the membrane properties of system followed 

by affecting rate of drug delivery leading to dose dumping, over dose or other serious 

unwanted side effects. Therefore, cutting of these types of patches is not recommended 

(13, 15). 

 
1.2. Advantages of Transdermal Drug Delivery System 

 

This system has numerous therapeutic advantages over other drug delivery systems 

including: (a) avoidance of presystemic and systemic first pass metabolism and 

gastrointestinal incompatibility (b) drugs with short biological half-lives and narrow 

therapeutic window can be successfully administered through transdermal patches (c) site 
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specific delivery of drug is possible by patches (d) system can maintain a constant plasma 

concentration of potent drugs (e) controlled release of drug over extended period of time 

(f) convenient non-invasive route (g) easily terminable means for systemic as well as 

topical drug delivery (h) reduced incidence of systemic toxicity (i) self-administration (j) 

Less frequent administration and (k) improved patient compliance (16-18). 

 
1.3. Disadvantages of Transdermal Drug Delivery System 

 

Transdermal drug delivery system also have some limitations: (a) some components and 

drugs used to fabricate the transdermal drug delivery system cause skin irritation (b) 

drugs have certain limitations to incorporate in transdermal patches such as dose size, 

molecular weight, molecular size, hydrophilic and lipophilic nature of drugs (c) lack of 

rapid onset of action due to more time required to permeate the drug to reach the systemic 

circulation (d) limited absorption of drug through skin membranes (e) site to site 

variation in amount of drug permeation from skin and (f) manufacturing cost is higher 

compared to other conventional dosage forms (19, 20). 

 
1.4. Basic Components of Transdermal Drug Delivery System 

 

 Polymer matrix or film former 
 

 Drug 
 

 Permeation enhancers 

 

 Backing laminates 
 

 Plasticizers 
 

 Solvent 
 

 

1.4.1. Polymers Used in Transdermal Drug Delivery System 
 

Polymers are the backbone of transdermal drug delivery system. They are responsible to 

release the drug at controlled rate. Matrix of patch is prepared by dissolving the polymer 

in a solvent followed by dispersion of drug in prepared solution. Polymers intended to 

use in formulation of transdermal device should be biocompatible and chemically inert 

with drug and other excipients of system. Polymer should remain stable throughout the 

products shelf-life. It is well known that the popular polymers such as PVP, EC, eudragit 

RL and eudragit RS are compatible with a number of drugs (21). From transdermal drug 

delivery system, drug can be delivered at desired rate by using appropriate combination 

of polymers (7, 22, 23). Cellulose derivatives, zein, gelatin, shellac, waxes, gums, natural 

rubber  and  chitosan  are  natural  polymers  used  in  transdermal  drug  delivery  system. 
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Synthetic polymers most frequently used to fabricate transdermal drug delivery system 

are: polyvinyl alcohol, polyvinyl chloride, polyethylene, polypropylene, polyacrylate, 

polyamide, polyurea, polyvinyl pyrrolidone, polymethyl methacrylate and crossed linked 

polymers like polyethylene glycol, eudragits, ethyl cellulose and hydroxypropyl 

methylcellulose (24-27). 

 
1.4.2. Permeation Enhancers Used in Transdermal Drug Delivery System 

 

Permeation of drug through various membranes of skin is an immense barrier to develop 

the  transdermal  drug  delivery system.  This  resistance  to  permeate  drug  across  skin 

membrane is reduced by chemical agents called permeation enhancers. They alter and 

disrupt reversibly the physical structure of corneum stratum during application of patch 

(28, 29). By using permeability enhancers, therapeutically active amount of drug can be 

delivered to systemic circulation. For transdermal products, the goal of dosage design is 

to maximize the flux through skin into systemic circulation and simultaneously minimize 

the retention and metabolism of drug in skin (30). Flux (J) can be defined as the amount 

of material that permeates across unit area of cross section of a barrier in unit time (31). 

Permeation  enhancers  are  compounds  which  enhance  skin  permeability  of  drug  by 

altering structure of skin reversibly or by increasing solubility of drug within the skin to 

increase the  flux  of drug up  to  desired or therapeutic level in systemic circulation. 

Enhancer is  important  part of most of transdermal drug delivery systems. Enhancer 

should have no pharmacological action, should be non-toxic, non-allergenic, non-irritant, 

should be specific and possess programmed duration of action. It must be inert for body 

fluids, electrolytes and endogenous materials (32). There is great interest among the 

pharmaceutical  scientists  to  develop  chemical  permeation  enhancer  and  a  physical 

method  that  can  increase  the  percutaneous  absorption  of  therapeutic  agents.  (33). 

investigated the effect of penetration enhancers, laurocapram (Azone), 1,8-cineole and 

nerolidol  on  the  in  vitro  percutaneous  absorption  of  low  molecular  weight  heparin 

(LMWH, enoxaprin, approximately 6000 Da) through human skin. Water, sulfoxides, 

azone,  pyrrolidones,  fatty  acids,  alcohols,  fatty  alcohols,  glycols,  surfactants,  urea, 

essential oils, terpenes, terpenoids, phospholipids and ceramide analogs are popularly 
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applied  as  chemical  permeation  enhancers.  Frequently  used  chemical  permeation 

enhancers are given in Table 1.1. 

 
Table 1.1: Frequently used permeation enhancers 

 
 

Chemical Penetration Enhancer Examples 
Sulphoxides and similar chemicals Dimethyl sulphoxide(DMSO), DMF 
Pyrrolidones N-methyl-2-pyrolidone 
Fatty acids Oleic acid, lauric acid, myristic acid, capric acid 
Essential oils, terpenes and 
terpenoids 

Essential oils of eucalyptus, chenopodium and 
ylang-ylang, sesquiterpene oil, L-menthol 

Oxazolidinones 4-decyloxazolidin-2-one 
Surface active agents Polyoxyethylene-2-oleylether,polyoxyethylene-2- 

stearyl ether 
Alcohols Diethylene glycol, tetraethylene glycol 

 

1.4.3. Plasticizers 
 

A low-molecular-weight resin or liquid which reduces the polymer–polymer chain 

forming secondary bonds is called a plasticizer (34). Reduction in polymer chain 

secondary bonding increases mobility and deformability of polymeric molecules that 

results to improve smoothness, softness, flexibility, processability, membrane elongation 

and overall appearance of polymeric membranes. It reduces brittleness, tensile strength 

and glass transition temperature (35). Adhesiveness of transdermal film may also be 

affected by plasticizers. It improves the stickiness of membranes with each other by 

forming a bond between the functional groups of molecules present in system. Adherence 

of patches to skin is also improved by presence of plasticizers in transdermal system. 

Some plasticizers such as alkyl citrates, phthalates, sebacate and tetra ethyl citrate also 

impart enhancing effect on drug incorporated in transdermal drug delivery system. 

Polyethylene glycol, propylene glycol, glycerol and dibutylphthalate are most commonly 

used plasticizers in fabrication of transdermal drug delivery systems (36). 

 
1.5. Asthma 

 

Asthma is a reversible inflammatory disorder of the airways in which many cells and 

cellular  elements  play  role.  In  particular,  mast  cells,  eosinophils,  T-lymphocytes, 
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macrophages, neutrophils and epithelial cells lead to variable inflammation, obstruction 

of airways and narrowing of bronchi causing difficulties in breathing (37, 38). Asthma 

also involves biochemical, neural, immunological, infectious, endocrine and 

psychological factors leading to airways obstruction (39). Major pathological reasons of 

asthma are infiltration and inflammation of the bronchial mucosa caused by inflammatory 

cells. Pharmacologically active anti-asthmatic drugs are of mainly two types: i.e., 

bronchodilators and anti-inflammatory drugs (40-43). Main characteristic features of 

asthma include wheezing, breathlessness, chest tightness and cough. According to World 

Health Organization (WHO) about 300 million people suffer from asthma throughout the 

world. The number of patients is increasing day by day and a further 100 million increase 

is estimated up to 2025 (44). 

 
1.6. Drugs Used in This Study 

 

1.6.1. Ketotifen Fumarate 
 

Ketotifen fumarate has been used prophylactically for chronic asthma. It is an 

antihistamine having additional properties of stabilizing the mast cell and also used in the 

treatment of allergy including rhinitis and conjunctivitis. Dose size of ketotifen fumarate 

is 1mg (BD) by oral route. Ketotifen fumarate is a water soluble drug and reported 

solubility of ketotifen fumarate is14.79 mg/ml. After oral administration, drug is 

completely absorbed from gastro intestinal track (GIT), but due to hepatic metabolism 

50% of drug is destroyed which reduces the amount of drug at site of action to one half. 

Molecular weight of ketotifen fumarate is 425.50 amu. Due to its pharmacokinetic 

properties, the ketotifen fumarate can be successfully designed into transdermal drug 

delivery system to release the drug at sustained rate for prolonged period of time (45, 46). 
 

 

1.6.2. Salbutamol Sulphate 
 

Salbutmol sulphate (SS) is a β-adrenergic agonist which stimulates β-adrenergic 

receptors. Mechanism of action of salbutamol sulphate is more specific than other drugs 

of the same class. It is used to relief various respiratory complications as asthma, 

bronchoconstriction, emphysema and dyspenea. Pronounced broncho-dilating properties 

make this drug a suitable part of asthma therapy. Molecular weight of salbutamol 

sulphate is 288.4 amu. Salbutamol sulphate is soluble in four parts of water. Dose size of 
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salbutamol sulphate is 4 mg. Drug is readily absorbed from gastro intestinal tract but due 

to extensive 1st pass metabolism; only 50% of the total amount of drug is bioavailable. 

Due to its small dose size, extensive first pass metabolism and shorter half-life of only 4 

hours, patients have to take the drug several times a day to manage the chronic conditions 

of asthma. In such a case, a sustained acting dosage form like transdermal patches proves 

to have leading edge over the conventional dosage forms. Salbutamol sulphate is an ideal 

candidate to be developed in transdermal formulation (47, 48). 
 
 

1.7. Combined Anti-asthmatic Drugs 
 

Asthma is a chronic disease; the management of such a disease mostly depends on patient 

compliance to the dosage regimen. As complications of asthma may be due to more than 

one pathological disorder, multiple drugs are needed to control asthma. In such cases, 

patient compliance is poor (49). 

Bronchodilators and mast cell stabilizers are most frequently prescribed drugs in 

combination in order to overcome the complexity and severity of asthma. Literature on 

the asthma reveals that due to the number of medicines required, it is difficult for patients 

to adhere to multiple medical regimens (50). The more medications prescribed, the fewer 

patients adhere to the treatment regimen in contrast. The total number of medications 

taken per day could be reduced if at least two combinations were given in a single 

formulation. 

Literature on anti-asthmatic drugs shows that bronchodilators and mast cell stabilizers are 

integral part of asthma therapy. Bronchodilator salbutamol sulphate and mast cell 

stabilizer ketotifen fumarate are frequently prescribed together to cure the chronic 

asthma. Tablets containing ketotifen fumarate and salbutamol sulphate combined in 

single dosage form (Mastifan-S) are being manufactured by East West Pharma, Haridwar 

India. Both drugs have suitable physicochemical properties required to deliver the drug 

through skin including smaller dose size and lower molecular weight. Moreover, less 

bioavailability and shorter half-life of these drugs make them suitable candidates to 

fabricate into transdermal patch formulations. Previously, researchers developed and 

evaluated the transdermal formulations for these drugs separately. 
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1.8. Aims of study 
 

In the present project, transdermal drug delivery system is developed to deliver both 

drugs simultaneously at controlled release rate in order to overcome the problems 

associated with other routes of administration especially poor bioavailability associated 

with oral route of administration. In the current work, polyvinyl alcohol impermeable 

backing membrane with solvent casting method is used to develop the matrix type 

transdermal patches. The amount of drug(s) thereby released from the system is available 

for permeation through the skin. Hydrophilic and hydrophobic polymers like eudragit RL 

100, ethyl cellulose and polyvinyl pyrrolidone are used alone and in combinations to 

achieve the desired release rate of drug from the system. Permeation of drug through skin 

is major barrier to develop a transdermal drug delivery system. To optimize the 

permeation of drug through skin, various enhancers like Tween 20, Tween 80, isopropyl 

myristate (IPM), eucalyptus oil, castor oil, Span 20 and Span 80 were added to the 

system. Chloroform and methanol were used as solvent system. Fabricated polymeric 

films showed rigidity and brittleness, therefore, plasticizer was added to improve the 

physical texture and smoothness of formulated membranes. Propylene glycol (PG) was 

used as plasticizer. Formulated films were subjected for their visual appearance, 

smoothness, clarity, overall appearance and physicochemical properties like weight 

variation, thickness and content uniformity. In vitro release of drugs from transdermal 

patches were also studied and drug release data (0-24 hours) obtained from dissolution of 

patches was fitted in different kinetic models which determined the release kinetic of 

drug e.g., Zero order, First order and Higuchi. In vitro permeation of drug from 

developed patches carried out through rabbit skin on Franz diffusion cell and steady state 

flux Jss  (µg/h/cm2) was calculated from linear portion of the curve obtained by plotting 
 

cumulative amount of drug permeated per unit area (Qn) vs time. Skin irritation study of 

optimized patches was conducted on healthy human volunteers. Statistical paired sample 

t-test was used at the level of P = 0.05. Finally, the patches which showed best in vitro 

parameters were further evaluated for their in vivo drug release and permeation profile by 

applying the rabbits as animal model. Area under the curve (AUCTotal), maximum 

concentration (Cmax) and time to reach maximum concentration (tmax) of drugs were 

calculated for both anti-asthmatic drugs simultaneously in rabbit plasma by developing a 
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HPLC method. The bioavailability of formulated transdermal drug delivery system was 

also compared with marketed oral dosage form. 
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2. Transdermal Drug Delivery System 
 

Transdermal drug delivery systems (TDDS) are flexible pharmaceutical dosage forms 

designed to deliver a variety of drugs to systemic circulation. TDDS may contain one or 

more than one drugs and intended to be used only on intact skin (51). The system or 

device developed for transdermal drug delivery is commonly called “transdermal patch”. 

The  device  or  patch  is  applied  topically  on  skin;  drug  is  released  from  patch  and 

permeates  through  various  membranes  of  skin  to  reach  the  systemic  circulation  for 

systemic effects (52). Transdermal route of drug delivery is an alternate route of drug 

administration. Transdermal patches are designed to minimize the problems associated 

with other routes of administration. It avoids pain full delivery by injectable routes, by 

passes the degradation of drug in liver, gastrointestinal tract and improves bioavailability 

of drug. Sustained delivery from polymeric film reduces chances of fluctuation in plasma 

drug concentration and decreases frequency of administration for drugs with shorter 

biological half-lives. Patches can be easily terminated in case of any unwanted effect. 

Transdermal  patches  have been  found to  improve the patient compliance due to its 

leading  edge  over  the  other  dosage  forms.  However,  for  developing  a  successful 

transdermal drug delivery system, some limitations are also there. The drugs with low 

dose size, lower molecular weight, suitable lipid and water solubility (HLB value) are 

considered excellent candidates to design transdermal therapeutic system (53-56). 

Transdermal route is being used to deliver a great variety of drugs to systemic circulation 

since ancient times. Extensive work is being carried out on development of transdermal 

drug delivery systems. Historically, major work includes the early hypothesis of Rein 

(1924). He discussed about the resistance to permeation of drugs through skin  (57). 

Scheuplin (1965) demonstrated that stratum corneum itself limits the amount of drug to 

permeate through skin (58). Michaels et al. (1975) investigated the diffusion coefficients 

of some drugs by performing experiments and determined that some drugs had significant 

permeability through skin (59). 

First transdermal drug delivery system based on scopolamine for treatment of motion 

sickness got FDA approval in 1979. Development of nicotine patches was started by 

pharmaceutical companies in 1980 for smoking cessation programs. Later in 1991-1992, 

four patches of nicotine were approved by FDA. Transdermal drug delivery systems 
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being marketed now-a-days include scopolamine for motion sickness, nitroglycerin for 

prevention of angina, nicotine for smoking cessation, tulobuterol for asthma, combined 

patch of levonorgestrel and estradiol for post-menopausal syndrome and combined 

estrogen and progestin patch for contraception. Transdermal patches  containing 

clonidine, fentanyl, buprenorphine, levonorgestrel, lidocaine, norethisterone, estradiol, 

oxybutynin and testosterone have also received FDA approval (19). 

 
2.1. Advantages and Limitations of Transdermal Drug Delivery 

 

2.1.1. Advantages 
 

Transdermal patches are suitable to be used in cases where: 
 

 Side effects of drug by other routes are found to be intolerable 
 

 Severe constipation 
 

 When patient is unable to take medicine by him/her-self 
 

 Unconscious patient or patients with severe dyspnea and 
 

 Patients feeling difficulty to take oral medicine like in vomiting or dysphagia 
 
 

2.1.2. Limitations 
 

Transdermal patches are not suitable to be used in cases: 
 

 In case of acute pain condition 
 

 When dose response of drug is required rapidly 
 

 When dose size is equal to or larger than 30 mg/day 
 

 Drugs causing irritation to skin (60). 
 
 

2.2. Types of Transdermal Patches 
 

Transdermal drug delivery system or patches can be designed into different types based 

on physicochemical properties, release rate (sustained, controlled, delayed or rapid 

release) and amount of drug desired to be permeated. 

 
2.2.1. Monolithic System 

 

Monolithic system consists of a single layer which performs multiple functions such as 

backing membrane, matrix membrane and or adhesive layer simultaneously. 

Somasundaram  et  al.  (2011)  fabricated  monolithic  system  in  adhesive  transdermal 
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patches of meloxicam by solvent casting method. Hydroxypropyl methylcellulose 

(HPMC), ethyl cellulose (EC) and polyvinyl pyrrolidone (PVP) were used as film 

formers. Drug-excipients interactions were checked with Fourier transform infrared 

(FTIR) spectroscopy. Patches were subjected for physicochemical evaluations, in vitro 

release and in vitro skin permeation studies. In vivo absorption studies of drug were 

carried out on male rabbits. Results of study elaborate that patches had acceptable 

physicochemical properties. The in vitro release of drug was found to be sustained over 

24 hours and followed Zero order kinetics. In vivo study on rabbits showed that 98.69 % 

of drug was released after 24 hours. Good correlation was found between in vitro and in 

vivo characterization of patches. Anti-inflammatory activity of formulated patches was 

compared with marketed diclofenac sodium patches and found comparable with 

commercial patches. These patches delivered drug at sustained pattern and could be 

successfully used to treat the inflammatory disorders (61). 

 
2.2.2. Reservoir System 

 

This type of system has a separate compartment or a separate layer for drug. The system 

consists of a drug impermeable backing membrane behind the drug reservoir layer. A rate 

controlling semi-permeable porous membrane is also present outside the drug reservoir 

layer to control release of drug from reservoir of system for the desired period of time. 

Because  of  low  oral  bioavailability  and  ideal  value  of  partition  coefficient  (1.99), 

fulvestrant is a good candidate for transdermal patches. Shravani et al. (2010) developed 

reservoir type transdermal drug delivery system of antitumor drug fulvestrant. Developed 

system showed a predefined release rate. Drug-excipient interactions were studied by 

FTIR. System had ethylene co-vinyl acetate (EVA) as rate controlling membrane and 1- 

methyl-2-pyrrolidone  (NMP)  was  used  as  reservoir  membrane.  Transdermal  patches 

followed Zero order kinetics for the release of drug. In vitro study demonstrated that 

administration of fulvestrant by transdermal route has leading advantages over marketed 

formulation that is a painful intramuscular injection. Formulated transdermal patches still 

need to conduct in vivo evaluation (62). 

Fang et al. (2009) designed a hydrogel-based reservoir type transdermal drug delivery 

system of R and S enantiomers of selegiline (used to treat major depressive disorder). 
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The ammonium acryloyl dimethyltaurate/vinyl pyrrolidone copolymer (AVC), 

carboxymethyl cellulosesodium (CMC), hydroxyethyl cellulose (HEC), and 

hydroxypropyl cellulose (HPC, 1000–4000 cps) were used as polymers. Solupor 

polyethylene membrane was used as rate controlling layer. Formulated system was 

evaluated with scanning electron microscopic (SEM), atomic force microscopy (AFM) 

and in vitro skin permeation study. Results of study showed that R-selegiline enantiomer 

gives a flux of 1.13 g/cm²/h without rate controlling membrane. Presence of rate 

controlling membrane found to reduce the amount of drug up to one half. No difference 

was found in flux of S and R-selegiline from the patches with rate controlling membrane. 

In the presence of solupor rate controlling membrane, the flux from S-isomer found to 

increase about 1.7 times higher than that of R-isomer. Results of the study indicated that 

with respect to drug permeation and partition coefficient between skin and water, the S- 

selegiline exhibited good results. Further in vivo study of system is still needed (63). 

Kim et al. (2001) fabricated a reservoir-type transdermal delivery system of testosterone. 

Hydroxypropyl methylcellulose (HPMC) was used as gelling agent, ethylene vinyl 

acetate was rate controlling membrane and ethanol/water was used as solvent system. 

Oleic acid, dodecylamine and lauric acid were used as permeation enhancers. Scotch pak 

polyester film C1006 was used as backing lamination and Duro-Tak as adhesive liner of 

system. Formulated patches were subjected to in vitro release, in vitro permeation and in 

vivo absorption of drug in rats. Results of studies revealed that ethanol/water (70:30) was 

best solvent system, 1% dodecylamine was best enhancer which increased the flux of 

drug up to 47.83 g/cm²/h. Increased concentration of vinyl acetate in rate controlling 

membrane increased the permeation rate of drug. In vivo permeation of drug from system 

was compared with marketed product of same drug (Androderm) and showed the 

comparable flux. It was concluded that reservoir type transdermal delivery system of 

testosterone can be developed, optimized and permeation can be enhanced by addition of 

suitable enhancer (64). 

 
2.2.3. Matrix 

 

This type of drug delivery system contains a non-permeable backing membrane, and a 

semisolid matrix layer in which drug is incorporated. Matrix of patch is responsible to 
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control the rate of drug release from patches and system contains an adhesive layer 

adjacent to matrix of the patch. 

Das et al. (2011) prepared transdermal patches of terbutaline sulphate. Ethyl cellulose 

(EC) and polyvinyl pyrrolidone (PVP) in different ratios were used as matrix material. 

Acetone was applied as solvent, Tween 80 was enhancer and propylene glycol (PG) was 

used as plasticizer. The system had a polyvinyl alcohol (PVA) backing membrane. The 

drug-excipient interactions were studied by FT-IR spectra and no interaction was found 

in drug and polymers. The prepared patches were physically examined for thickness, 

weight variation, drug content, moisture content and folding endurance. Formulations 

were subjected to in vitro evaluation and stability studies. Results of studies showed that 

all patches had a satisfactory physical properties and patches having EC: PVP (4:1) ratio 

showed better release profile for a prolonged period of time (65). 

Ansari et al. (2011) fabricated matrix type transdermal patches of salbutamol sulphate by 

solvent casting method. Hydroxypropyl methylcellulose (HPMC) and ethyl cellulose 

(EC) were used as polymers and mixture of chloroform and methanol were used as 

solvent. Dimethyl sulphoxide (DMSO) was used as permeability enhancer and 

dibutylphthalate was used as plasticizer. Prepared formulations were analyzed for 

thickness, folding endurance, drug content, percentage moisture absorption, percentage 

moisture loss, in vitro release and in vitro permeation of drug. These patches were 

uniform in thickness, weight and drug contents. Formulations made of hydrophilic 

polymer had tendency to absorb and loose more amount of moisture. Release rate of drug 

from patch was directly proportional to the amount of hydrophilic polymer in the 

formulation. Formulation having HPMC:EC (1:1) ratio, showed maximum release and 

permeation of drug for a sustained period of time (66). 

Ganesh et al. (2010) developed matrix type transdermal drug delivery system of atenolol. 

Different ratios of celluloseacetyl phthalate (CAP) and polyvinyl pyrrolidone (PVP) were 

used to form the matrix and dibutylphthalate was used as plasticizer. Various 

concentrations of oleic acid and isopropyl myristate (IPM) were used as permeation 

enhancers. Physical evaluations of formulated films were carried out and films were 

found to be satisfactory for their thickness, weight variation, drug content, flatness, 

tensile  strength,  folding  endurance,  percentage  of  moisture  content  and  water  vapor 
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transmission rate. In vitro release and permeation of patches was also studied. Results of 

in vitro studies revealed that 76% of drug was released, 65% of drug permeated through rat 

skin and 59% of drug was permeated through guinea pig skin at the end of 12 hours, from 

patches having a polymeric combination of CAP:PVP (6:1). These patches were free from 

hazard of irritation. It can be concluded that by adjusting suitable polymeric combinations 

and addition of enhancer, transdermal drug delivery system of atenolol could be developed 

and optimized (67). 

 
2.3. Basic Components Used to Fabricate Transdermal Patches 

 

 Polymer 
 

 Enhancer 
 

 Plasticizer 
 

 Solvent or solvent system 
 
 

2.3.1. Polymers Employed in Transdermal Drug Delivery System 
 

Polymers are the major constituents of transdermal drug delivery system and are 

considered as backbone of transdermal drug delivery system. Release and permeation of 

drug can be controlled to the desired rate by appropriate combination of different 

polymers (hydrophilic and hydrophobic). Drug is dispersed in polymeric matrix in liquid, 

semisolid or solid form. Polymers used in transdermal drug delivery system should be 

compatible with drug and other excipients of system such as enhancers, plasticizers, 

solvents and adhesive materials. Polymers should remain physically and chemically 

stable throughout shelf-life of patches. Ethyl cellulose, hydroxypropyl methylcellulose, 

polyvinyl pyrrolidone, eudragits and polyvinyl alcohols are commonly used polymers for 

transdermal drug delivery system. 

Kavitha and Dipen (2011) developed transdermal patches of nicardipine hydrochloride. 

Combinations of hydrophilic (HPMC) and hydrophobic (EC) polymers were used as film 

formers. Dibutylphthalate was used as plasticizer, dimethyl sulfoxide was permeation 

enhancer and solvent system included acetone and methanol (4:3). FTIR study of 

polymers and drug suggested that all excipients were compatible with drug. Formulations 

were visually evaluated and physical properties of patches were also studied. In vitro 

drug release study of patches revealed that formulations having hydrophilic polymer 
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showed maximum release of drug, while patches of hydrophobic polymer showed 

minimum release of drug. Patches having a combination of both polymers in equal ratio 

showed a significant release of drug at controlled rate. Patches of single polymers showed 

Zero order kinetic while combined polymers formulations showed First order release 

kinetics. Further, in vivo study still needs to be conducted to develop nicardipine 

hydrochloride transdermal patches for treatment of hypertension and angina pectoris (68). 

Soodabeh et al. (2005) formulated a transdermal drug delivery system for prolonged 

supply of nicotine up to 48 hours. An inclusion complex of nicotine and cyclodextrin 

(CD) was formed to develop the matrix. The rate controlling membrane was made by 

specially cross-linked polyvinyl alcohol (cross-PVA). The effect of propylene glycol 

(PG) and types of carbopol polymers i-e C-934P and C-940 on nicotine permeation 

through rat and human cadaver skin was also studied. The results indicated that patches 

having C-934P, PG15% and the nicotine-CD mole ratio in 3:1 showed a maximum flux 

of 42µg/cm²/h after 48 hours. Insignificant difference was found in permeation across rat 

and human cadaver skin. From these findings, it was concluded that controlled release 

nicotine patches can be developed by forming a complex of nicotine and cyclodextrin 

(69). 

Kulkarni and Keshavayya (2010) designed interpenetrating polymer network (IPN) 

membranes of polyvinyl alcohol (PVA), chitosan and sodium alginate for transdermal 

delivery of salbutamol sulphate. Glutaraldehyde (GA) was used as cross linker. The 

prepared patches were evaluated for thickness, tensile strength, swelling of patches, water 

vapor transmission, entrapment efficiency, percentage elongation, weight variation, in 

vitro skin permeation study and skin irritancy test. The formulated patches had 

satisfactory physical properties. Addition of sodium alginate and chitosan into PVA 

increased   membrane   strength.   Alginate-PVA   patches   were   more   elastic   than 

chitosan‐PVA patches. Swelling ratio was directly proportional to the amount of cross 
linker and water vapor permeability was higher in patches of PVA. Drug release rate was 

higher in PVA‐sodium alginate IPN membranes as compared to that of PVA‐chitosan 
membranes. Patches were free from hazard of irritation (70). 

 

Fang et al. (2002) designed and evaluated scopolamine transdermal patches using 

cellulose acetate (CA) as film former, acetone as a solvent and polyethylene glycol (PEG, 
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MW 600) was used as a pore-forming agent. Formulated patches were analyzed using 

scanning electron microscopy (SEM), differential scanning calorimetry (DSC), thermal 

mechanical analysis (TMA), thermogravimetric analysis (TGA) and in vitro release of 

drug. The results of studies revealed that patches can absorb moisture 3-10% depending 

upon amount of PEG. An increase in amount of PEG resulted into decrease in glass 

transition temperature and decrease of degradation temperature of cellulose acetate. The 

DSC results of transdermal patches developed at 40°C were similar to those formulated at 

22°C. Tensile strength of membrane was found to decrease with an increase of PEG but 

elongation at rupture point increased with increased amount of PEG. Permeation of drug 

showed that PEG has a pronounced enhancing effect on permeation of drug from 

cellulose acetate membrane. From this study, it can be concluded that scopolamine 

transdermal patches can be developed with optimized release rate extended over three 

days (71). 

Chakraborty et al. (2010) designed transdermal drug delivery system of verapamil 

hydrochloride. Combinations of hydrophilic and hydrophobic polymers like ethyl 

cellulose, hydroxypropyl methylcellulose (K4M) and polyvinyl pyrrolidone were used as 

film formers. System had a backing membrane of polyvinyl alcohol. Dibutylphthalate 

and dimethyl sulphoxide (DMSO) were used as plasticizer and enhancer, respectively. 

Thickness, percent moisture content, percent moisture absorption, percent flatness, tensile 

strength, weight variation and in vitro release of formulated patches were examined. 

Effect of DMSO on in vitro permeation profile of drug was studied on rat skin. All 

prepared patches had suitable physicochemical properties. Formulation with large 

proportion of hydroxypropyl methylcellulose (K4M) and polyvinyl pyrrolidone showed 

more rapid release of drug over a period of 24 hours, whereas patches with larger 

proportion of ethyl cellulose prolonged the release rate of drug more than 24 hours. 

Addition of DMSO greatly increased the permeation of drug (72). 

Dubey et al. (1995) developed trilaminated transdermal drug delivery system of captopril 

by low temperature casting technique. System consisted of a baking membrane, a 

reservoir layer and rate controlling membrane. Eudragit RL-100 and polyvinyl 

pyrrolidone (PVP) were used as film former agents. Formulated patches were subjected 

for drug content, in vitro drug release and in vitro permeation studies. Comparison of in 
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vitro characterization was made between the transdermal drug delivery system prepared 

at room temperature and prepared at low temperature. Results of study suggested that the 

transdermal drug delivery system developed by low temperature casting method showed 

better performance in contrast to those prepared at room temperature. Release kinetic of 

drug from system followed Zero or(73)der release mechanism. 

Acartürk (1996) designed transdermal drug delivery system of felodipine. Eudragit RL 

100 and eudragit RS 100 (1:1) were used as polymers. Polyethylene glycols (PEG) of 

various molecular weights, glycerol, ethoxydiglycol and propylene glycol (PG) were used 

as adjuvants. Formulated films were subjected for the moisture permeation study and 

differential scanning calorimeter (DSC) to determine the glass transition temperature. 

The effects of different adjuvants on in vitro release profile of drug from patches were 

also studied. The correlation among the in vitro drug release, moisture permeation 

constants and glass transition temperature were investigated. The results of study 

revealed that transdermal patches having 10% glycerol and ethoxydiglycol showed better 

release profile of drug. In vitro release rate of drug increased gradually with increasing 

water vapor transmission. Glass transition temperature values of the formulated patches 

showed no effect on in vitro release of drug (74). 

Swain et al. (2009) designed matrix type transdermal drug delivery system of 

ondansetron hydrochloride. Different ratios of ethyl cellulose (EC) and polyvinyl 

pyrrolidone (PVP) were used to formulate patches. Amorphous form of drug in 

transdermal patches was confirmed by Fourier transform infrared spectroscopy (FTIR), 

scanning electron microscopy (SEM) and X-ray diffraction studies. Effect of polymer 

ratios on in vitro release and permeation of drug were investigated. Permeation of drug 

was found to be influenced by both EC:PVP ratio and loading dose. Permeation increased 

when drug loading was increased from 30% to 50%. Steady state permeation flux (J) was 

also found to increase linearly with increased concentration of drug. A successful 

transdermal drug delivery system of ondansetron hydrochloride can be developed and 

release and permeation of drug can be optimized by appropriate combination of polymers 

(75). 

Ghosal et al. (2009) developed matrix type transdermal drug delivery system of glipizide. 

Polymeric combination of ethyl cellulose and polyvinyl pyrrolidone were used as film 
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formers. Dibutylphthalate as plasticizer, L-menthol, oleic acid and n-octanol at different 

ratios were used as permeation enhancers. In vitro drug release study of formulated 

patches was carried out. Results of study depicted that presence of polyvinyl pyrrolidone 

enhanced drug release rate due to hydrophilic and anti-nucleating nature. Addition of 

enhancer decreased the release rate of drug. Enhancer is supposed to conjugate with 

glipizide to form a complex molecule that is slowly released (76). 

Jayaprakash et al. (2010) formulated transdermal patches of celecoxib. Hydroxypropyl 

methylcellulose (HPMC), methyl cellulose (MC) and polyvinyl pyrrolidone (PVP) were 

used as matrix formers. Dibutylphthalate was used as plasticizer. Prepared patches were 

evaluated for percentage moisture loss, moisture absorption, film thickness, weight 

variation, folding endurance, drug content uniformity, skin irritation test and in vitro 

release of drug. In vitro permeation of drug was carried out on rat skin, guinea pig skin 

and pig ear skin. In vivo study was conducted on rabbits. From results it was found that 

physical parameters and appearance of patches were satisfactory. Patches made of HPMC 

75% and PVP 25% showed maximum moisture absorbance compared to that of other 

formulations. Patches having MC alone showed highest moisture loss. Permeation of 

drug through rat skin was correlated with in vitro release of drug. Patches having HPMC 

75% and PVP 25% as matrix formers showed Zero order release and permeation of drug 

for prolonged period of time (77). 

 
2.3.2. Permeation Enhancers in Transdermal Drug Delivery Systems 

 

Dermis and epidermis are two important outer layers of skin. Dermis has a system of 

blood capillaries in skin. There is no blood flow in epidermis and it is about 100-150 

micrometer thick. Stratum corneum is important layer in epidermis, which acts as an 

effective barrier and prevents the water loss from the body. It also prevents entry of 

foreign substance in the body. Drug permeation from the patches to blood stream is 

carried out under the influence of concentration gradient. In order to enter the drug in 

general body circulation, first drug have to enter in capillary circulation of dermis. To 

reach the dermis, drugs have to cross the stratum corneum. Thus stratum corneum is 

potent barrier in the permeation of drugs through the transdermal route of administration 

(78). Earlier, it was considered that skin is impermeable to external substances. Later on, 
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it was recognized by investigations that skin is not completely impermeable but 

permeable to some extent. On the basis of scientific findings, it was suggested that skin 

can be utilized to deliver drug substances to the systemic circulation. Resistance to drug 

permeation through stratum corneum significantly reduces the amount of drug absorbed 

into the systemic circulation. Poor permeation through stratum corneum is a major barrier 

in developing a successful transdermal drug delivery system. Currently, various physical 

and chemical strategies are being applied to increase the permeation of drug through skin. 

Among these techniques, chemical enhancers are most commonly used. Enhancers are 

chemical compounds that increase permeation of drugs through skin. Permeation 

enhancer alters reversibly structure of skin by modifying the molecular arrangement of 

lipids and proteins in stratum corneum, making skin more porous and feasible to cross the 

drug molecules. 

The commonly used enhancers in practice of transdermal technologies are water, 

hydrocarbons, sulphoxides (especially dimethyl sulphoxide, DMSO) and their analogues, 

pyrrolidones, fatty acids, esters and alcohols, azone and its derivatives, surfactants 

(anionic, cationic and nonionic), amides (including urea and its derivatives), polyols, 

essential oils, terpenes and derivatives, oxazolidines, epidermal enzymes, polymers, lipid 

synthesis inhibitors and biodegradable enhancers. Depending upon the desired 

permeation rate of drug, the above mentioned enhancers are being used alone or in 

combination of two or more than two compounds (29, 79). 

Setty et al. (2010) developed matrix type transdermal drug delivery system of furosemide 

by solvent evaporation technique. Ethyl cellulose and polyvinyl pyrrolidone were used as 

matrix formers. Varieties of essential oils like clove oil, lemon grass oil, menthol oil and 

eucalyptus oil were used as permeation enhancers alone and in combinations. Propylene 

glycol (PG) and di-n-butyl phthalate were used as plasticizers. Formulated system was 

subjected for solubility study, physicochemical studies of film and in vitro permeation 

study. Results of studies revealed that clove oil 10 % w/w alone and in combination with 

10%w/w propylene glycol showed the best enhancing effects among all essential oils 

used. From these studies, it was concluded that successful transdermal drug delivery 

system of furosemide can be developed and essential oil could be used to enhance the 

permeation of drugs from system (80). 
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Sharan et al. (2010) designed a transdermal drug delivery system of propranolol 

hydrochloride to deliver the drug for an extended period of time. Patches contained 

acrycoat L‐100, ethyl cellulose (EC), polyvinyl pyrrolidone (PVP) and hydroxypropyl 
methylcellulose (HPMC) as film formers. Dimethyl sulphoxide (DMSO), polyethylene 

 

glycol (PG) and oleic acid were used as permeation promoters, ethanol as a solvent and 

dibutylphthalate was used as plasticizer. The formulations were evaluated for their 

mechanical properties and in vitro drug release profile. In vitro permeation of drug 

carried out through albino mice skin and irritation study conducted on healthy male 

rabbits. Results of studies revealed that patches formed by solvent evaporation method 

were flat, with minimum weight variation and optimum flexibility. Oleic acid showed 

more pronounced enhancing effect on permeation of drug than that of other enhancers 

used. Skin irritation study showed that there was no sign of edema, erythema or irritation 

(81). 

Lopez et al. (2000) compared the enhancing effect of Tween 20, Span 20 and azone on 

permeation of various drugs with different lipophilicities ranging from log Poct-0.95 to 

log Poct-2.33. 5-Fluorouracil (5-FU), antipyrine, 2-phenyl ethanol and 4-phenyl butanol 

were used as model drugs. The influence of the enhancer’s concentration was also studied 

on permeation of drugs through pretreated epidermis of Wistar rat. From results of 

studies, it was concluded that type and concentration of enhancer showed marked effect 

on the permeation of drug through rat skin. Span 20 showed better enhancing effects as 

compared with Tween 20 (82). 

Budhathoki and Thapa (2005) developed matrix type transdermal patches of salbutamol 

sulphate using eudragit RL 100 polymer. Propylene glycol (PG) with dimethyl 

sulphoxide (DMSO), benzalkonium chloride (BC), isopropyl myristate (IPM), Tween 80 

and sodium laurylsulphate (SLS) were used as permeation enhancers. Synergistic effects 

of combined enhancers were also examined. Mechanism of drug release was also studied. 

Results indicated that as amounts of DMSO and Tween 80 were increased, the release 

rate of drug also increased. But increased concentration of BC and SLS showed decrease 

in release rate of drug from system. IPM showed maximum enhancing effect on the 

release of drug. Communication suggested that use of enhancers in transdermal drug 

delivery system significantly increase the permeation of drug (47). 
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Zan et al. (2005) conducted a permeation study on 0.4 mg/l solution of piroxicam in 

sodium dihydrogen phosphate buffer through mice skin by Franz diffusion cell. 

Electroporation was used to improve the permeation of drug. Experiments showed that 

drug delivered by electroporation was entrapped in lipid layers of skin. Chemical 

enhancers Tween 80 (0.2 g/l) and sodium dodecyl sulphate (3 mg/ml) were used to 

overcome this entrapment by improving the solubility and diffusion of drug. Results of 

studies showed that permeated amount of piroxicam through mice skin was increased 30- 

50 folds by using synergistic effect of chemical and physical strategies. Sodium dodecyl 

sulphate found to be more efficient to enhance permeation of drug and reduce the 

entrapment of drug (83). 

Panigrahi et al. (2005) fabricated transdermal drug delivery system of terbutaline 

sulphate. System had eudragit NE 30D backing membrane. Eudragit RL-100 and eudragit 

RS-100 were used alone and in combination as film formers. Eudraflex was employed as 

a plasticizer and solvent system was acetone and phosphate buffer. Methyl laureate (ML), 

isopropyl myristate (IPM) and isopropyl lanolate (IPL) were used as permeation 

enhancers. In vitro skin permeation study of drug from patches was carried out on mouse 

and human cadaver skin. Formulations were subjected for skin irritation and stability 

studies. It was found that patches showed no sign of edema up to 7 days of application. 

Formulation remained stable over different storage conditions. There was no significant 

difference found in permeation of drug through human cadaver and mouse skin. Change 

of pH showed marked effect on the in vitro permeation of drug. Transdermal patches 

with (IPM) as enhancer, showed better permeation profile than patches with other 

enhancers. This study suggested that therapeutic amount of drug can be permeated 

through skin by optimizing the pH and applying a suitable enhancer (84). 

Sharma et al. (2010) developed matrix type transdermal patches of olanzapine using 

polyvinyl pyrrolidone (PVP) and ethyl cellulose (EC) as matrix material. Soybean oil, 

olive oil and eucalyptus oil were used as permeation enhancers. Dibutylphthalate was 

used as plasticizer. Dichloromethane and chloroform in (1:1) ratio were used as solvent. 

Drug-excipient interaction was checked by Fourier transform infrared (FTIR) 

spectroscopic analysis. Formulated patches were characterized for their physical 

properties, scanning electron microscopy, in vitro release and in vitro permeation of drug. 
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Results of studies revealed that formulation that had PVP:EC (1:3), 20% olanzapine, 30% 

dibutylphthalate and 10% olive oil showed best release and permeation of drug from 

patches. Optimized formulation showed a maximum release of 89.50% and 768.64 

μg/cm² of drug permeated at the end of 24 hours. The formulation having eucalyptus oil 

showed a release of 82.00%, while drug permeation was 614.3 μg/cm² (85). 

Saify et al. (2000) investigated enhancing effect of eucalyptus oil on permeation of 5- 

flurouracil through rat abdominal skin on Franz diffusion cell. Samples were analyzed by 

high performance liquid chromatography. Permeability coefficient and enhancement ratio 

of drug were calculated. Results of study suggested that solubility of 5-flurouracil in 

eucalyptus oil was 0.43 mg/ml, while 12.50 mg/ml in water. Treatment of skin with 

eucalyptus oil increased the permeation of drugs more than double. Present study 

concluded that eucalyptus oil provides significant enhancing effect and may be used as a 

safe penetration enhancer in transdermal and topical delivery system (86). 

Kumar et al. (2010) formulated oil in water type microemulsion of acyclovir by aqueous 

titration method. Oleic acid and castor oil in (3:1) ratio were used as oily phase, Tween 

80 as surfactant and ethanol was used as co-surfactant. Prepared microemulsion was 

evaluated for droplet shape and size, refractive index, pH, viscosity, drug loading 

capacity, in vitro permeation of drug through rat skin. Skin irritation and in vivo study of 

optimized formulation was carried out on Wistar albino rats. Results of study indicated 

that mean droplet size of emulsion was less than 50 nm, maximum solubility of drug in 

system was found 47.40 mg/ml. Highest amount of drug permeation (238.10 ± 4.87 

μg/cm²/hr) was observed from formulation consisting of 5% oil phase (oleic acid:castor 

oil in 3:1 ratio), 15 % Tween 80, 30% ethanol and 50% distilled water. During in vivo 

permeation, peak plasma concentration of 1.28 ± 0.26 µg/ml was achieved at 4.2 ± 0.50 

hours and sustained up to 14 hours. Optimized microemulsion of acyclovir showed 

significant permeation of drug during in vitro and in vivo experiments (87). 

Arora et al. (2005) developed matrix type transdermal patches of diclofenac 

diethylamine. Various ratios of polyvinyl pyrrolidone (PVP) and ethyl cellulose (EC) 

were used as film formers. Span 20 was used as permeation enhancer.  Formulated 

patches were subjected to drug-excipient interaction study, moisture content, moisture 

uptake, flatness test, in vitro release studies, in vitro skin permeation study of drug 
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through rat skin and scanning electron microscopy (SEM). Results of studies revealed 

that there was no interaction between drug and excipients. Formulations that contained 

Span 20, showed a better release profile leading to enhancement in permeation of drug up 

to 29-30%. Moisture contents of patches were found to increase by increasing PVP. 

Results of SEM showed that drug reached to skin surface in cluster form. Study 

concluded that Span 20 is a good choice to be used as permeation enhancer (88). 

Tanwar et al. (2007) formulated reservoir type transdermal drug delivery system of 

carvedilol. System consisted of drug reservoir of hydroxypropyl methylcellulose 

(HPMC), eudragit RL100 and eudragit RS100. Tween 80 and Span 80 were used as 

permeation enhancers. Prepared patches were evaluated for physicochemical parameters 

and found to be satisfactory with respect to thickness, weight and content uniformity. 

Formulations were also subjected for in vitro permeation studies by K-C diffusion cell 

through guinea pig skin. Results of studies suggested that patches having permeation 

enhancers showed better release profile. Span 80 showed better permeation enhancing 

effect compared to that of Tween 80. Formulations showed negative skin irritation test. 

Further, an in vivo study of developed transdermal system is required to be conducted 

(89). 

Dey S and Malgope (2010) designed matrix type transdermal patches of carvedilol by 

solvent casting method. Hydroxypropyl methylcellulose (HPMC) and eudragit RS100 

were used as film formers. Different concentrations of propylene glycol (PG) were used 

as permeability promoter. Dibutylphthalate was used as plasticizer and methanol as 

solvent. Formulated films were subjected for physicochemical evaluations. Drug content 

uniformity, scanning electron microscopy (SEM), in vitro permeation study, skin 

irritation test and stability study were performed. Results of studies showed that 

formulated patches exhibited suitable physicochemical properties. In vitro permeation 

studies revealed that patches having a combination of HPMC and eudragit RS100 in the 

ratio of (1:4) and PG 30% w/w of polymers showed better permeation profile of 

carvedilol. The formulations were free from irritation and remained physically stable at 

37°C and 45°C. Formulated patches need further pharmacodynamics and 

pharmacokinetic studies (90). 
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2.4. Pathogenesis and Prevalence of Asthma 
 

Asthma is a chronic inflammatory disorder of respiratory tract. Various cells, mediators 

and cellular parts are found to be responsible to cause the airway inflammation depending 

on the type of stimuli to exacerbate asthma like allergens, dust, pets, microbes, mite, 

foods and exercise. All type of stimuli leads to smooth muscles contraction and airway 

inflammation. Disease is associated with reversible episodic attack of difficulties in 

breathing, dyspnea, chest tightness, wheezing (a whistling or squeaky sound during 

breathing) and cough. Symptoms of asthma vary from person to person may be mild, 

moderate or severe, also may be varied from episode to episode. All these symptoms are 

related with airway obstruction. Air flow obstruction is caused by multiple reasons 

including bronchoconstriction, airway edema, chronic mucous plug formation and airway 

remodeling. Asthma attacks most commonly occur suddenly often at night time or in the 

early morning hours. Historically, asthma was considered as a reversible disorder. But 

recent studies, on pathogenesis of asthma reveal that some permanent physiological 

changes also take place in respiratory tract which are collectively called airway 

remodeling. The remodeling of air way is associated with membrane fibrosis, smooth 

muscle hyperplasia, new vessel formation and glandular hyperplasia. Airway remodeling 

causes permanent irreversible changes in respiratory tract that ultimately leads to a 

gradual decline in function of lungs (38, 91-94). 

Khan et al. (2010) conducted a survey based study on the effects of vegetation, land 

cover categories and geographical locations on prevalence of asthma in Landhi and 

Korangi towns of Karachi. Questionnaire was designed to collect the information about 

asthma and it’s causing factors from randomly selected households. Sampling intensity 

was 0.1%; total 987 cases were studied from different union councils. Each union council 

was considered as strata. Geographic Information Systems (GIS) was applied to explore 

and analyze the data. Results of studies showed that numbers of asthmatic patients were 

higher in vegetative covered area than non covers. This was due to some plants species in 

Karachi that produce and release the pollen grains causing allergy and found to be 

hazardous to asthmatic patients. Study concluded that there was a direct relationship 

existing between the land cover with vegetation and prevalence of asthma (95). 
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Cirera et al. (2011) conducted a study on patients of respiratory disorders visiting hospital 

emergency room in the industrialized Mediterranean Spanish city. Study determined the 

effect of air pollution and aeroallergens on the severity of respiratory disorders like 

asthma and chronic obstructive pulmonary disorder (COPD). Relationships between level 

of air pollution and pollen types like sulphur and nitrogen dioxides (SO2 and NO2), total 

suspended particles (TSP) and ozone (O3) with respiratory disorders were also 

established. Types of allergens and pollens were determined and calculated by Poisson 

regression with Generalised Additive Models. Results of study revealed that a 

concentration of SO2, 10 µg/m3 caused 5% increase in risk factors of asthma and COPD. 

NO2 caused 2.6% increase in asthma and 3.3% increase in COPD. From this study, it was 

concluded that both biological and atmospheric pollution showed a strong relationship 

with asthma and COPD as it elevates the risk factors for such patients (96). 

Mustafa et al. (2008) studied prevalence of nocturnal asthma in school children of 

southern Punjab. Effects of life style, geographical location and environmental conditions 

were also studied on epidemiology of the childhood asthma. A six month survey was 

conducted in primary and secondary schools based on questionnaire for the children aged 

3-18 years. A total 6120 questionnaire were distributed among the parents of asthmatic 

children, 3180 questionnaires responded back, 56% were for boys and 44% for girls. 

Results revealed that 6% of children suffering with nocturnal asthma had equal 

proportion of boys and girls. Nocturnal asthma reported among children of age group 

between 4-11 years. However, children of age between 14-18 years old were devoid of 

nocturnal asthma. It was concluded that asthma has great burden on our society and still 

needs determination of exact facts and figures. An effective education program from 

media is needed to give awareness to people (97). 

Bhulani et al. (2011) conducted a study to access the management skill of general 

physician of Karachi to treat asthma in comparison of Global Initiative for Asthma 

(GINA) guidelines. Present study included a survey by questionnaire about pathology, 

risk factor, history point, diagnosis and management of asthma from general practitioner 

of Karachi. 250 general practitioners were approached. 192 physicians participated in the 

survey. Results of study showed that 78% of general practitioners had insufficient 

knowledge of pathology, 90% had poor knowledge about medications to be used and 
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63% of physicians had no awareness about diet restrictions. Only 14% of general 

practitioners were able to recognize suitably acute emergency presentations in asthma. It 

was concluded that majority of physician lacks knowledge of asthma. Institutions are 

required to conduct learning programs for hospital staff to manage asthma in accordance 

with guidelines of GINA (98). 

Satwani et al. (2009) investigated the association of environmental pollutants with serum 

IgE levels and their effects on allergic diseases. Studies were carried out for one year in 

Liaquat National Hospital Pakistan on 258 children of age ranging from 6 to 12 months. 

IgE levels in blood of patients were counted and data was analyzed by SPSS computer 

programming. Results of studies revealed that 64.37% of patients had an elevated IgE 

levels in serum. IgE levels showed no relationship with positive family history of allergy, 

sex, height and age of the patient. Serum IgE levels found to be associated with weight of 

the patient, bottle feeding, exposure to second hand smoke of cigarette, early weaning, 

pollens, pets and cold. From this study, it was concluded that there was no significant link 

seen between serum IgE levels and systemic allergies like food allergy, skin allergy, 

allergic sinusitis, allergic rhinitis, and allergic conjunctivitis. A strong correlation was 

found in total serum IgE levels and bronchial asthma in asthmatic children (99). 

 
2.4.1. Factors Affecting Asthma Variability 

 

Several factors that have been found to cause asthma including air pollutants, allergens, 

dust mites, cigarette smoking, genetic factors, seasonal cause, respiratory infection, 

exercise and hyperventilation (100). 

 
2.4.1.1. Air Pollutants 

 

Subject to preexistence of asthma, the air pollutants increase the needs of patient to take 

more frequent medication. Air pollution includes allergens and irritants such as pollens, 

wood smoke, dusts, household sprays, strong odors, perfumes, colognes, volatile organic 

compounds e.g. polishes and cooking oils. Partial combustion of fuels produces carbon 

monoxide, elemental and organic carbon, which become the constituent of air and 

strongly exacerbate bronchoconstriction in asthmatic patients. Fuel exhaust of vehicles is 

considered another important trigger to exacerbate the preexisting allergic condition. All 
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air pollutants are dangerous for patients with respiratory complications and should be 

avoided to come in contact with triggers (101, 102). 

 
2.4.1.2. Allergens 

 

Asthmatic patients are very sensitive to internal or external stimuli. When the subject 

comes in contact with indoor or outdoor allergens, it leads to worsen the asthmatic 

condition of patients. Recent works on pathophysiology of respiratory problems reveal 

that air borne allergens are harmful even in very small quantity and lead to major changes 

on the function of lungs and respiratory tubules in sensitized persons (103). 

 
2.4.1.3. Dust Mites 

 

Dust mites are minute spider like living microscopic insects and they are major part of 

indoor air pollution. Dust mites live in linens, mattresses, carpets, furniture and stuffed 

animals, suspended in air and travels with air blowing. Dead human skin cells are their 

food. They cause the rashes, watery eyes, dizziness, cough and asthma. The dust mites 

are reported to worsen asthma when asthmatic patient comes in contact with them. 

Reproduction rate of these types of microbes found to increase in dark, moist and stuffy 

environment. Preventive measures such as to keep the house clean and dry by regular 

dusting with clean and damp cloth, vacuuming of floors and fixtures at home should be 

carried out at regular intervals. Use of high efficiency particulate air filters is also highly 

useful to prevent entry of dust mites into rooms. These efforts proved to be beneficial in 

reducing the count of indoor allergens (100, 104). 

 
2.4.1.4. Cigarette Smoking 

 

Cigarette smoking is the most common trigger of asthma. Tobacco smoke as a result of 

cigarette smoking causes irritation to respiratory track leading to more worsening 

condition of asthmatic patient. Second hand smoke of cigarette predominantly causes the 

severe broncho constriction and is a common cause of asthma. The rate of declining the 

function of lungs in cigarette smokers is found to be greater than asthmatic patients to the 

same degree of non-smoker patients (92, 105, 106). 
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2.4.1.5. Genetic Factors 
 

Asthma runs strongly from generation to generation. Studies on asthma suggest that 

about 50% prevalence of asthma is due to genetic factors and rest is due to environmental 

factors. It is well recognized that there is a significant hereditary involvement in the 

etiology of asthma. Inheritance of respiratory diseases like asthma and allergy does not 

follow the role of single gene disorder (simple Mendelian patterns). Asthma is a complex 

genetic disorder in which the hereditary pattern cannot judge as sex-linked, autosomal or 

recessive. It is also considered that both environmental and genetic factors are 

responsible to develop asthma. Some data on genetic diseases reveals that if allergic 

symptoms are appearing in parents then offsprings are at higher risk of asthma. 

Investigations on genetic of asthma are limited because of difficulties in diagnostic 

standardization of asthma (107, 108). 

 
2.4.1.6. Seasonal Cause 

 

Numbers of asthmatic patients visiting to emergency or intended to hospitalize showed a 

significant variation in count depending upon seasonal variations. It was found that 

incident of asthma increases during autumn and decreases during summer. Seasonal 

variations also have a pronounced effect on different age groups. Seasonal asthma 

severity and frequency vary from patient to patient depending upon the type of allergy 

(109, 110). 

 
2.4.1.7. Respiratory Infections 

 

Pathological studies of asthma revealed the evidence of infection caused by viruses and 

their role in development of asthma. It is well known that respiratory infection caused by 

viruses can exacerbate the asthma. Rhinovirus is found to be the main cause of viral 

infection in children and also develop infection in adults to some extent. Influenza virus 

is reporting to be a leading cause of upper respiratory infection in peoples of all age 

groups. Exacerbation of asthma through viral infection involves various mechanisms; 

viruses damage the epithelial layer and cause the inflammation of airway which is 

responsible to develop the symptoms of asthma. IgE antibody for specific virus 

particularly parainfluenza and rhinovirus has been identified. These antibodies are found 
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to be responsible for the production and discharge of allergic and inflammatory mediators 

from cells of human respiratory system (39, 111-113). 

 
2.4.1.8. Exercise and Hyperventilation 

 

Exercise is considered as the common trigger that causes development of acute asthma 

symptoms. Exercise limits the flow of air in respiratory way in asthmatic patients mostly 

in children and young adults. The mechanisms of airflow limitations due to exercise is 

interrelated to changes in the airway mucosa induced by the related hyperventilation. 

Hyperventilation alters the temperature or osmolarity of fluid lining the airway mucosa. 

Exercise is considered as a specific trigger for the patient of asthma because airflow 

limitation is rarely seen in people without asthma even in patients with chronic 

bronchitis, cystic fibrosis or bronchiectasis (114, 115). 

 
2.4.2. Transdermal Patches for Anti-asthmatic Drugs 

 

Most of chronic diseases are hereditary with genetic background or correlated with living 

style of population. In case of chronic diseases like hypertension, asthma, diabetes and 

addiction, patients have to take medication lifetime. Control of complications in chronic 

conditions is associated with maintenance of plasma drug level within therapeutic active 

concentration for long period of time (116). Patient compliance to take the dosage 

regimen is an important factor affecting the success of therapy. Asthma is a chronic 

disease that requires administration of multiple medicines at frequent times a day. 

Usually, anti-asthmatic drugs are available in injectable, oral tablets, syrups, elixirs and 

suspension dosage forms. Recently, drugs for respiratory complications are being 

delivered through respiratory route of administration directly to the respiratory tract. 

Studies revealed that patient compliance to respiratory route is very poor because of high 

dose frequency, expensive nebulizer machine and complex procedure to administer the 

drug (117-120). Novel strategies are required to deliver the drug for chronic conditions 

like asthma in order to improve patient compliance. Transdermal drug delivery system 

showed promising merits over other routes of drug administration. By applying 

transdermal drug delivery system, drug can be delivered at sustained rate for programmed 

time period. It leads to reduce dose frequency followed by improving the patient’s 

adherence. Various researches are working on development of transdermal drug delivery 
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system for anti-asthmatic drugs. Abbott Japan Co, Ltd developed an anti-asthmatic 

transdermal drug delivery system of β2-agonists (tulobuterol) to deliver the drug at 

predetermined rate and is marketing as brand name of Hokunalin® tape. Sustained 

delivery of drug from the system showed leading edge over the other routes of 

administration, particularly in case of nocturnal asthma. It was found that the transdermal 

system had proven benefits over other routes of drug administration for treatment of 

respiratory complications. Patient adherence to the treatment was found to be enhanced 

by transdermal drug delivery system of tulobuterol (121-123). 

Budesonide is an anti-allergic drug having only 10% bioavailability. In order to improve 

its bioavailability, Lade et al. (2011) developed a transdermal drug delivery system of 

budesonide by mercury substrate method. Eudragit RL 100, eudragit RS, ethyl cellulose 

(EC) and polyvinyl pyrollidone (PVP) were used as film formers and polyethylene glycol 

(PEG) as plasticizer. Urea and dimethyl sulphoxide (DMSO) were used as permeation 

enhancers. Physicochemical evaluation of formulated patches was carried out. 

Formulated patches were also subjected for content uniformity, water vapor transmission, 

in vitro dissolution and in vitro permeation studies. Results of studies revealed that 

formulated patches had optimal characteristics. Formulation having polymer eudragit RL 

100 and urea as plasticizer showed best permeation profile. It permeated 37.25% of drug 

at the end of 24 hours. From these studies it was concluded that transdermal drug delivery 

system of budesonide can be developed and optimized to improve the bioavailability of 

drug (124). 

Rajan et al., (2010) designed and evaluated the transdermal drug delivery system of anti- 

allergic drug chlorpheniramine maleate (CPM). Eudragit RS-100 and eudragit RL-100 

were used to form the matrix of patches alone and in combination with polyvinyl 

pyrrolidone (PVP). Dibutylphthalate (DBP) was used as plasticizer. L-menthol, oleic acid 

and phospholipon 80 were used to enhance the permeation of drug. Formulated system 

were studied for physical properties, drug content, moisture content, in vitro release and 

permeation studies. Release rate of drug was found to increase with increase in PVP and 

DBP concentrations. Addition of PVP in eudragit RL 100 patches also found to increase 

percent water absorption of films. Formulation having phospholipon 80 as enhancer, 

showed maximum amount of drug (42%) permeated at the end of 8 hours. Present study 
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concluded that CPM transdermal drug delivery system can be developed and optimized 

(125). 

Murthy et al., (2004) designed transdermal patches of salbutamol sulphate by mercury 

substrate method. Hydroxypropyl methylcellulose (HPMC) was used as polymer, 

polyethylene glycol (PEG 400) as plasticizer, isopropyl myristate (IPM) was used as 

permeation enhancer and water was used as solvent. System had a backing membrane of 

Aluminum foil. Formulated patches were evaluated for in vitro permeation study, in vitro 

skin metabolism and clinical pharmacokinetic and pharmacodynamics of drug in 

asthmatic patients. Results of study depicted that from 5 mg patch of salbutamol sulphate, 

drug permeation was 108.89 ± 5.83 g/h. The steady-state serum concentration of 2.87 ± 

0.1 ng/ml/mg was achieved after 4 hours of patch application. Cmax of 3.9 ± 0.4 ng/ml/mg 

was achieved after 4.66 ± 1.03 hours. Total 2.48 ± 0.32 mg of drug was absorbed within 

24 hours. Metabolic degradation of drug was not found on skin. Elimination half-life was 

3.34 ± 1.07 hours and the clearance rate was 256.12 ± 3.55 ml/min. Formulated 

transdermal patches showed leading advantage over other marketed dosage forms and 

effects of patches could be further extended up to several days (126). 

 
2.5. Ketotifen Fumarate 

 

Chemical name of ketotifen fumarate is 4,9-Dihydro-4-(1-methylpiperidin-4-ylidene)- 

10H-benzo [4,5] cyclohepta [1,2-b] thiophen-10-one fumarate. 

 
2.5.1. Structural Formula 

 

Structural formula of ketotifen fumarate is: 
 

 
 
 

Figure 2.1: Structural formula of ketotifen fumarate 
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2.5.2. Molecular Formula 
 

Molecular formula of ketotifen fumarate is C19H19NOS.C4H4O4. 
 
 

2.5.3. Molecular Weight 
 

Molecular weight of ketotifen fumarate is 425.50 amu. 
 
 

2.5.4. General Description 
 

Ketotifen fumarate is a tricyclic compound of benzocyclo heptathoipene. It is a mast cell 

stabilizer and also has anti-histaminic properties. Ketotifen fumarate is used to cure 

allergic problems like asthma, allergic conjunctivitis and rhinitis. The drug acts directly 

on the mast cell and stop the release of allergic mediators particularly leukotrienes. Usual 

dose of ketotifen fumarate is 1mg twice a day and therapy has to be continued for years. 

The drug is absorbed completely from gastrointestinal tract. After oral administration, 

only 50% of total administered dose of drug is bioavailable due to extensive first pass 

metabolism in liver. Major portion of ketotifen metabolites is eliminated through liver 

while only 1% from the kidney (45, 127-131). 

Patel et al. (2009) prepared matrix type monolithic transdermal patches of ketotifen 

fumarate. Eudragit L-100 and ethyl cellulose (EC) in combination with hydroxypropyl 

methylcellulose (HPMC) were used as film formers. Polyethylene glycol (PEG400) was 

employed as plasticizer. Dimethyl sulphoxide (DMSO) and propylene glycol (PG) alone 

and in combinations were used as permeation enhancers. Weight variation, thickness, 

water vapor permeability, tensile strength, drug content, in vitro dissolution and in vitro 

permeation studies were done for formulated patches. Physical properties of formulated 

patches were found to be satisfactory and highest amount of drug was released from 

patches having EC-HPMC that was up to 90% in 24 hours. Results of permeation study 

of patches showed that EC:HPMC was suitable to extend the permeation up to 24 hours. 

Eudragit L100:HPMC patch prolonged the effect of drug more than 24 hours (46). 

Kimura et al. (2007) fabricated a stick typed sustained active transdermal and topical 

drug delivery system of ketotifen fumarate. Yellow beeswax and isopropyl myristate 

(IPM) were used as base of stick. The permeability enhancing effect of lauric acid, oleic 

acid, L-menthol, limonene, sodium dodecyl sulfate (SDS), polyoxyethylene laurylether 
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investigated. High performance liquid chromatographic method had been used to analyze 

in vitro concentration of drug in samples. From results, it was found that as loaded 

amount of ketotifen fumarate was increased, permeation of drug was also increased. POE 

showed significant enhancing effect on permeation of drug compared to that of other 

enhancers used (132). 

Shivaraj et al. (2010) developed matrix type transdermal patches of ketotifen fumarate by 

solvent casting method. Hydroxypropyl methylcellulose (HPMC) and ethyl cellulose 

(EC) were used as polymers. Dimethyl sulfoxide (DMSO) was permeability enhancer; 

dibutylphthalate (DBP) was plasticizer and mixture of chloroform: methanol (1:1) was 

used as solvent. Various ratios of HPMC and EC were used as hydrophilic and 

hydrophobic film formers. Drug-excipients interactions were evaluated by Fourier 

transform infrared (FTIR) spectroscopy. Formulated patches were studied for weight 

variation, thickness, percent moisture loss, percent moisture absorption, water vapor 

transmission rate, folding endurance, tensile strength, drug content, in vitro drug release 

and drug diffusion studies. Results indicated that all formulated patches were smooth, 

transparent and flexible with uniform weight and thickness. Moisture absorption, 

moisture loss and release rate of drug from patches found to be directly proportional to 

the amount of hydrophilic polymer. Patches composed of HPMC alone showed 

maximum amount of drug release within 8 hours. Patches having HPMC:EC (1:1) 

showed an extended release up to 24 hours and was considered as optimized formulation 

(133). 

Kharshoum and Salem (2011) developed fast disintegrating sublingual tablets of ketotifen 

fumarate by direct compression. Different concentrations of Ac-di-sol and explotab were 

used as superdisintegrants. Avicel PH101 and polyethylene glycol (PEG 6000) at 

different concentrations were used as binder. Hydroxypropyl β-cyclodextrin was used to 

enhance the absorption of drug. Spray dried lactose or granular mannitol were used as 

diluents. Aspartame was used as sweetening agents; mint flavor and aerosil 200 were 

used as permeabilizing agents. Formulated tablets were evaluated for weight variation, 

content uniformity, friability, hardness, disintegration time, in vitro dissolution and 

disintegration. In vivo absorption studies were carried out in human volunteers. Plasma 

concentration  of  ketotifen  fumarate  was  determined  by  high  performance  liquid 



Chapter 2

35

 

 

 
 

chromatography. The tablet having Ac-di sol (5%w/w), avicel PH101 (10%w/w) with 

mannitol as diluent and drug in complex with beta cyclodextrin was found to be the best 

formulation. The optimized formulation showed disintegration time of 20 seconds and 

highest amount of drug dissolution was 80.28% in one minute. Cmax of 30.901 ± 4.963 

ng/ml at tmax  of 1.08 ± 0.18 hour and AUCTotal of 382.16 ± 55.27 ng/ml/h was observed. 

However, for formulations without beta cyclodextrin, Cmax was 25.57 ± 2.65 ng/ml. It 

was concluded that fast disintegrating tablets can be successfully designed and could 

deliver the drug more efficiently (134). 

Bhattacharya and Ghosal (2001) developed transdermal patches of ketotifen fumarate. 

Combinations of ethyl cellulose (EC), polyvinyl pyrrolidone (PVP), eudragit RL100 and 

eudragit RS100 were used as film formers. Isopropyl myristate (IPM), isopropyl 

palmitate (IPL) and linoleic acid were used alone and in combinations as permeation 

enhancers. Dibutylphthalate was used as plasticizer. Formulated films were studied for 

water vapor transmission, moisture absorption, tensile strength, in vitro drug release and 

in vitro permeation of drug. Physicochemical parameters were found to be satisfactory. 

Patches having polymeric blend EC:PVP, showed higher amount of drug release than 

patches containing eudragits RL100 and RS100. Higher amount of drug was found to be 

permeated from formulations having IPM alone and in combination with linoleic acid. 

Permeation of drug was according to First order kinetics and followed Fick's law of 

diffusion (135). 

Inoue et al. (2005) developed silicone type adhesive patches of amorphous and 

crystalline form of ketotifen by solvent casting method. Solvent system was consisted of 

n-hexane as major solvent, tetrahydrofuran, dichloromethane; acetone, ethyl acetate and 

toluene were used to enhance solubility of drug. Formulations were subjected for in vitro 

drug release and in vitro permeation through hairless mouse skin. A comparison of 

permeation of drug between amorphous and crystalline forms was made. Cumulative 

amount of drug permeated was five times greater from formulations with amorphous 

form of drug in comparison to formulations having crystalline form of drug. This marked 

increase in permeation of drug was due to the super saturation of patches generated by 

amorphous form of drug. Permeation of ketotifen fumarate can be significantly enhanced 
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by using drug in its amorphous form. Formulation still needs to be studied for shelf-life 

stability and invivo permeation of drug (136). 
 

 

2.6. Salbutamol Sulphate 
 

Chemically salbutamol sulphate is Bis [(1RS)-2-[(1,1-dimethylethyl)amino]-1-[4 

hydroxy-3-(hydroxymethyl) phenyl] ethanol] sulphate. 

 
2.6.1. Structural Formula 

 

Structural formula of salbutamol sulphate is given below: 
 

 
Figure 2.2: Structural formula of salbutamol sulphate 

 
2.6.2. Molecular Formula 

 

Molecular formula of salbutamol sulphate is (C13H21NO3)2·H2SO4. 
 
 

2.6.3. Molecular Weight 
 

Molecular weight of salbutamol sulphate is 288.4 amu. 
 
 

2.6.4. General Description 
 

Salbutamol sulphate is a relatively selective beta-2 adrenoreceptor stimulant. Action of 

salbutamol sulphate is more specific for beta-2 adrenoreceptor than other drugs of same 

class like isoprenaline and orciprenaline. The drug shows slight effect on beta-1 

receptors. Intravenous and oral administration leads to stimulate the cardiac muscles, 

hypotension, peripheral vasodilatation, uterine muscle relaxation and skeletal muscle 

tremor. Hyperinsulinaemia and hyperglycemia also found to be associated with 

salbutamol sulphate. Although it is still unidentified either the beta-1 or beta-2 receptor 

involves in this metabolic mechanism. Salbutamol sulphate is used to treat the respiratory 

complications like bronchial asthma, chronic bronchitis, dyspnea, emphysema and 

nocturnal asthma. The absorption of drug takes place readily in gastrointestinal tract; 
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however, an extensive first pass metabolism is carried out in liver and gut wall. Plasma 

half-life of drug lies in the range of 4-6 hours which leads to increase the dose frequency 

up to 4-6 times a day. Due to problems associated with bioavailability of drug, it is not an 

ideal candidate to deliver through oral route of administration. Currently drug is 

administered through slow intravenous injection or directly administered to lungs via 

inhalation route (137, 138). 

Tanwar (2005) developed transdermal patches of salbutamol sulphate by solvent casting 

technique at mercury substrate. Eudragit RL100 and polyvinyl pyrrolidone (PVP) were 

used as polymers and propylene glycol (PG) was used as a plasticizer. Polyethylene 

glycol (PEG-400) and Tween 60 were used as permeation enhancers. The patches were 

evaluated for physicochemical characteristics and in vitro permeation profiles checked by 

K-C diffusion cell through the guinea pig skin. Results of study revealed that patches 

possess suitable physicochemical characteristics. Patches with PEG-400, showed 

maximum permeation rate with Zero order kinetics and by matrix diffusion mechanism. 

It was concluded that permeation of drug can be maximized by addition of enhancer 

(139). 

Merekar et al. (2010) developed a matrix system for sustained delivery of anti-asthmatic 

drug salbutamol sulphate. The matrix tablets were prepared by wet granulation method 

using ion exchange resins. Formulations were evaluated for angle of repose, friability, 

hardness, disintegration and dissolution. All the tablet formulations showed acceptable 

pharmacotechnical properties and complied with in house specifications for tested 

parameters (49). 

El-Gendy et al. (2008) fabricated transdermal drug delivery system of salbutamol 

sulphate using eudragit RS 100 and eudragit RL 100 alone and in combination. 

Dibutylphthalate, polyethylene glycol (PEG 400), propylene glycol (PG) and triacetin 

were used as plasticizers. Oleic acid and dimethyl formamide were applied as permeation 

enhancers and methanol was used as solvent. Formulated patches were evaluated for 

physical properties, drug content, swelling index, moisture absorption, mechanical 

properties, in vitro release and in vitro permeation studies. Effects of polymers, enhancers 

and plasticizers on mechanical properties of patches were also studied. Results of studies 

showed that patches having eudragit RS 100 and a blend of eudragit RS100 and eudragit 
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L100 in a ratio of (3:1) and triacetin had a tensile strength lower than other formulations. 

Patch formulations containing permeation enhancers 10% oleic acid and 5% dimethyl 

formamide showed highest amounts of drug permeation. These two formulations were 

further subjected for clinical characterization. Formulations containing oleic acid as 

permeation enhancer showed significant improvement in respiratory function (140). 

 
2.7. Combining Multiple Drugs in a Single Patch 

 

For treatment of chronic diseases, often a single drug is not sufficient to give desired 

pharmacological effects. In order to improve the chronic condition, mostly combined 

drugs are prescribed, which makes the therapeutic regimen bulky and costly leading to 

poor patient compliance. Combining multiple drugs in a single dosage unit has proven to 

solve the problems associated with multiple drug therapy. Currently enormous numbers 

of drugs are available in market in combined form containing two or more than two 

active pharmaceutical ingredients (50). Various approaches are being applied to combine 

drugs in single dosage units. Focus of our study is development and evaluation of 

combined anti-asthmatic transdermal delivery system. Literature reveals that extensive 

work is being performed on strategies to combine drugs in transdermal patches 

Brynhildsen and Hammar (2004) developed a combined transdermal drug delivery 

system of estradiol and norethisterone hormones to treat the vasomotor symptoms like 

sleep disturbances and mood change at the time of menopause. Developed system was 

compared with marketed oral dosage form containing same combinations (141). Zhao et 

al. (2006) combined isosorbide dinitrate with bisoprolol in transdermal dosage form to 

treat hypertension. Developed system was evaluated for their in vitro and in vivo 

performance. The combined system showed pronounced benefit than single therapy 

(142). Hozawa et al. (2009) studied the synergistic effect of inhaled corticosteroid and 

transdermal β-2-agonist tulobuterol in asthmatic patients. The study revealed that 

simultaneous administration of inhaled corticosteroid and transdermal β-2-agonist 

represented marked improvement in asthma related respiratory complications in contrast 

to the single therapy. Study also suggested that β-2-agonist can be used for long term 

benefit of patient (123). Fem 7 Combi (Merck KGaA; Germany) is a combined estradiol 

and levonorgestrel hormonal transdermal drug delivery system. Ortho Evra is another 
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combined hormonal product in patches form manufactured by (Ortho-McNeil 

Pharmaceutical, Raritan, NJ). It contains a combination of estrogen and progestin. The 

patch delivers 150 mg of norelgestromin (active metabolite of the progestin norgestimate) 

and 20 mg of ethinylestradiol daily to body for 7 days (143). 

Anitha  et  al.  (2011)  developed  a  combined  transdermal  drug  delivery  system  of 

glibenclamide  and atenolol. Hydroxypropyl methylcellulose (HPMC),  polyvinyl 

pyrollidone (PVP) and carbopol (CP) in different ratios were used as matrix formers and 

propylene glycol (PG) was applied as plasticizer. The formulations were subjected to 

physicochemical evaluation, in vitro in vivo drug release and in vitro drug permeation 

through rat and goat skins. Formulations found to exhibit the satisfactory 

physicochemical properties. Drug release from all patches followed Zero order kinetics 

and mechanism of diffusion was non-Fickian diffusion. In vivo studies of finally selected 

patches  HPMC:PVP:CP  (2:1:1)  were  carried  out  in  rabbits.  Transdermal  patches 

composed of HPMC:PVP:CP (2:1:1) showed better results of all other formulations. 

These optimized patches followed Zero order sustained release for prolonged period of 

time, which leads to reduced dose frequency and enhanced patient compliance (144). 

Pachuau et al. (2008) formulated matrix type microspheres of combined anti-asthmatic 

drugs: salbutamol sulphate and theophylline. Emulsion solvent evaporation method based 

on acetone and light liquid paraffin system was used to formulate microspheres. Ethyl 

cellulose (EC) was used as polymer, Tween 80 was used as the dispersing agent and 

cyclohexane was used to make microspheres hard. The formulated microspheres were 

subjected for drug-drug and drug-polymer interaction by IR spectroscopy, differential 

scanning calorimetry (DSC), X-ray powder diffractometry (XRD) and scanning electron 

microscopy (SEM). Microspheres were found to have stable parameters without any 

interaction for drug loaded formulations. In vitro release profile was studied in phosphate 

buffer (pH 7.4). Formulations showed extended release for 6-8 hours. The prepared 

microspheres were white, free flowing, spherical in shape and porous in nature. The drug- 

entrapment efficiency of microparticles was 67-91%. The microspheres delivered two 

anti-asthmatic drugs simultaneously for prolonged period of time (145). 

Patel  et  al.  (2010)  developed  a  dual  wavelength  spectrophotometric  method  for 

concurrent  determination  of  montelukast  sodium  and  bambuterol  hydrochloride  in 
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combined anti-asthmatic dosage forms. Diluted sample of combined drugs were scanned 

at a wavelength in range of 200-400 nm. From scanning results, a wavelength of 322.0 

nm was selected for montelukast sodium and 266 nm for bambuterol hydrochloride. 

Prepared method was validated for its linearity, accuracy, precision and stability. Method 

was used to analyze drugs contents in commercial tablet dosage form. Developed method 

found to be linear in range of 10-80 μg/ml for montelukast sodium and 40-240 μg/ml for 

bambuterol hydrochloride. The developed method was found accurate with respect to 

percent recovery of 98.70 ± 1.15% to 101.50 ± 1.80% for montelukast sodium and 

bambuterol hydrochloride, respectively. Prepared method was simple, easy to perform, 

accurate, precise, reliable and could be successfully used to quantify the drug in 

commercial dosage form (146). 

Murthy et al. (2001) developed combined transdermal formulations of theophylline and 

salbutamol sulphate. Hydroxypropyl methylcellulose was used as film former. The 

formulations were subjected to in vitro release studies and the amount of salbutamol 

sulphate and theophylline in patches were optimized to yield desired flux. The films were 

uniform in thickness (200 ± 40 μm). The in vitro flux of theophylline and salbutamol 

sulphate was 1.22 ± 0.4 mg/hr/cm² and 13.36 ± 1.02 mcg/hr/cm², respectively. In vivo 

studies were carried out in healthy human volunteers. Theophylline was analyzed in 

saliva and salbutamol sulphate in blood plasma. The study proved that transdermal 

dosage forms can significantly improve half-lives compared to that of tablets. The 

formulations showed good biocompatibility as there was no sign of erythema or oedema 

in volunteers under observation for a period of 7 days (147). 

 
2.8. In vitro and In vivo Characterization of Transdermal Patches 

 

In vitro evaluations of transdermal drug delivery system include the visual examination 

for color, texture, smoothness, clarity and brittleness. Transdermal patches are also 

subjected to physicochemical evaluation like weight variation, patch thickness, content 

uniformity, percent moisture content, flatness, folding endurance, tensile strength etc. 

Major in vitro studies are in vitro release and permeation of drug from formulated device. 

In vivo evaluations of transdermal drug delivery systems are carried out to determine the 
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efficacy, bioavailability and toxicity of system. In vivo studies can be conducted on the 

animal models and human volunteers. 

 
2.8.1. In vitro Drugs Release Study 

 

In vitro release or dissolution study is the basic and important parameter to determine the 

success of system at initial stage. Dissolution profile of controlled release dosage form 

can be elucidated on the basis of mechanism of drug release and drug release kinetics. In 

vitro dissolution also gives prediction about the in vivo performance of dosage form. 

Drug release kinetics can be determined with the help of mathematical models like 

Higuchi, First order and Zero order. 

Commonly used methods for dissolution studies include: paddle over disc method, 

cylinder modified USP basket method and reciprocating disc method (148). Detail of 

dissolution methods is given below: 

 
2.8.1.1. The Paddle over Disc 

 

In this method, USP apparatus 5 (Ph. Eur. 2.9.4.1) is used to conduct dissolution test. 

This method is indistinguishable to USP paddle dissolution apparatus. The only 

difference in this system is that the patch to be evaluated is attached to disc or cell and 

placed at the bottom of vessel containing dissolution media. The temperature of system is 

adjusted at 32 ± 0.5°C that is the temperature of human skin (149). 

 
2.8.1.2. The Cylinder Modified USP Basket 

 

USP apparatus 6 (Ph. Eur. 2.9.4.3) is used for dissolution of patch formulations. The 

method resembles USP basket type dissolution apparatus. Slight variation is that the 

system is attached to the surface of a hollow cylinder which is dipped in dissolution 

medium and keeps temperature constant at 32 ± 0.5°C (150). 

 
2.8.1.3. The Reciprocating Disc 

 

USP apparatus 7 is used in this method. The method includes small volume of medium in 

which holders are oscillated. Patches intended to be evaluated for dissolution are attached 

to oscillating holders. This method is useful for formulations with small amounts of 

active drugs because of limited volume of medium (151). 
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2.8.2. In vitro Permeation Studies 
 

After release from the polymeric matrix of patch, drug comes in contact with skin and 

accumulates on surface of skin. The amounts of drugs released on surface of skin are 

available to permeate into systemic circulation through stratum corneum by crossing 

microcirculation of skin membranes. Extent of drugs permeated into the body depends 

upon the amounts of drugs released from the matrix of transdermal drug delivery system 

(152). 

Amounts of drugs that could be available in human plasma can be predicted by 

conducting permeation studies on various types of diffusion cells given below: 

 
2.8.2.1. Horizontal Type Diffusion Cell 

 
 Keshary- Chien Diffusion cell 

 
 Franz Diffusion Cell 

 
 Ghannan- Chien Cell 

 
 Jhawer- Lord Cell 

 
 

2.8.2.2. Vertical Type Diffusion Cell 
 

 Flow-through 
 
 

2.8.2.3. Franz Diffusion Cell 
 

Franz diffusion cell is the most commonly used device to study the permeation of drugs 

from transdermal drug delivery systems. In order to evaluate permeation profile of 

formulated film, patch is to be placed between donor and receptor compartments of Franz 

cell adjuvant to prepared skin membrane. Temperature of receiver compartment is 

usually maintained at 32 ± 0.5 °C (Skin temperature) and receptor medium is 

continuously stirred at predetermined speed. Samples are withdrawn at specific time 

points and volume of receptor compartment is adjusted with equal amount of receptor 

medium. Amount of drug permeated through the membrane is quantified by 

spectrophotometer to calculate the flux of drug. Flux can be defined as amount of drug 

permeated from system per cm² area per second. Release of drug from system is greatly 
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influenced by thickness  of skin, design and size of patch, surface area of skin and 

temperature of system (153). 

Fick’s first law of diffusion describes the steady state diffusion through a membrane: 
 

 
 

 
Where 

 

 
 
 
 

J = flux per unit area 

J                           ) 

 

K = stratum corneum- formulation partition coefficient 

D = diffusion coefficient in stratum corneum 

H = path length 
 

Co= concentration of substance applied to the surface 

Ci= concentration inside the skin 

As Co»»Ci thus the equation becomes 
 

J							

Where Kp (permeability coefficient) = 					
2.8.3. Selection of Skin Membrane for Franz Cell 

 

It is ideal to use the human skin to study in vitro permeation of drugs because it is best 

suited to simulate in vivo performance of the system. However, due to difficult 

availability of human skin samples and related ethical issues, the rabbit skin is used to 

study absorption of drugs. Literature survey revealed that animal models were 

successfully adopted to monitor transdermal delivery for a great variety of hydrophilic 

and lipophilic drugs (154-156). 

 
2.8.4. In vivo Methods 

 

The goal of transdermal patches is to deliver the drug into systemic circulation of object 

like human or animal. Actual performance of drug can be determined by in vivo 

evaluations. Certain variables which are impossible to take into consideration during in 

vitro studies can be fully evaluated during in vivo experiments. Feasibility and system 

design are important factors to be considered while designing the methodology for in vivo 

evaluations of transdermal drug delivery system. The goal of in vivo study is to calculate 

the amount of drug that reaches the site of action after topical application of drug to intact 
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skin of object. Study protocol for in vivo evaluation of transdermal patches is more or less 

similar to other conventional dosage forms. A conventional method used to appraise the 

skin absorption is to make comparison between the area under curve (AUCTotal) obtained 

by transdermal route with area under curve (AUCTotal) of intravenous route 

(bioavailability) or with any other route (bioequivalence). 

The common approach for determining bioavailability or bioequivalence is to calculate 

the ratio as follows: 

 
 
 
 

 
In vivo studies of transdermal formulation can be carried out mainly on animal models 

and human volunteers (157-159). 

 
2.8.4.1. In vivo studies 

 

In vivo study to be carried out on human volunteers require specific protocols, including 

some ethical issues, significant time and funds are required to carry out human studies. 

The process of study on human volunteers is comparatively costly, so it is ideal to use the 

animal models to evaluate the formulation at initial stage and small scale. Rabbit, mouse, 

rat and guinea pig are most commonly used species to conduct the permeation studies. 

Hair from dorsal body surface of the animal are removed prior to applying the patch and 

then patches are applied on hair free portion of animal skin (160, 161). Formulated 

transdermal patches are ultimately evaluated for their in vivo performance in human 

volunteers. This step involves the determination of pharmacodynamics and 

pharmacokinetic parameters of formulation. Study on human volunteer is carried out in 

order to judge the efficacy, side effects, toxicity of product and patient adherence to 

dosage form. In vivo study at clinical stage are divided into four distinct phases, Phase I, 

phase II, Phase III and phase IV to determine safety of drug in volunteers, effectiveness 

in patients, safety and effectiveness in large number of patient and post marketing 

surveillance study, respectively (162). 

Viral et al. (2010) prepared a semisolid ointment of salicylic acid. Viral and co-workers 

investigated and compared the permeation of drug through different membranes like 

fuzzy rat skin, hairless mouse skin, egg membrane, cellophane membrane and human 
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skin. Studies were carried out using Franz diffusion cell, pH of donor compartment was 

adjusted at 7.4 by phosphate buffer and temperature of system was maintained at 37 °C. 

Amount of drug retained in membrane was also analyzed at end of study. It was found 

that there was a remarkable difference in drug diffused through membrane and drug 

retained on membranes. Fuzzy rat skin showed the best drug permeation profile and best 

resemblance with human skin membrane (163). 

Gabiga  et  al.  (2000)  developed  ethyl  cellulose  (EC)  matrix  patches  of  isosorbide 

dinitrate. Propylene glycol (PG), polyethylene glycol (PEG 400), oleic acid and isopropyl 

myristate (IPM) were used as permeation enhancers and methylene chloride was used as 

solvent. Comparison of drug permeation was made between patches having permeation 

enhancers and patches devoid of enhancers. In vivo percutaneous absorption of drug was 

investigated  on  Wistar  rats.  Drug  concentration  along  with  its  metabolites  was 

determined in rat plasma over a period of 48 hours. Absolute bioavailability of patches 

was determined by comparing with intravenous route. Results of study revealed that 

patches  with  oleic  acid  and  PG  exhibited  higher  values  of  Cmax   and  AUCTotal    in 

comparison to other formulations. Findings of permeation study suggested that oleic acid 

and PG are more appropriate permeation enhancers for isosorbide dinitrate (164). 

Muralidharan  et  al.  (2012)  developed  a  reversed  phase  high  performance  liquid 

chromatographic (RP-HPLC) method for determination of ketotifen fumarate in tablet 

dosage form. A C18  column of 250 mm x 4.6 mm was used and mobile phase was 

methanol: 10M ammonium acetate buffer (30:70 %v/v pH: 3.5). The flow rate was 

adjusted at 1ml/min and UV wavelength of spectrophotometer was adjusted at 298 nm. 

Results of study showed that the retention time of ketotifen fumarate was 5 min. Limit of 

detection (LOD) and limit of quantification (LOQ) of drug were found 1 ng/ml and 

5ng/ml, respectively. Method was also validated for it linearity, robustness, 

reproducibility, intra and inter day accuracy. The developed method was simple, rapid, 

precise and reproducible. Developed method could be used successfully to determine 

ketotifen fumarate in pharmaceutical dosage forms (165). 

Martis and Gangrade (2011) developed a reversed phase high performance liquid 

chromatographic (RP-HPLC) method for simultaneous determination of two anti- 

asthmatic    drugs    salbutamol    sulphate    and    beclomethasone    dipropionate    in 
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dry‐powder‐inhaler (DPI) system. Octadecylsilane column was used, mobile phase had a 
composition of 40:60 v/v water and acetonitrile and wavelength of 230 nm was used for 

 

detection. Developed method was validated for linearity, accuracy, specificity and 

robustness. Retention times of salbutamol sulphate and beclomethasone dipropionate 

were 3-5 minutes and 7 minutes, respectively. Total run time for sample was 10 minutes. 

Specificity and robustness of method showed that results were remained unchanged over 

a minor change in wavelength and mobile phase ratios. The prepared method was simple, 

precise, sensitive, rapid and selective for the simultaneous determination of salbutamol 

sulphate and beclomethasone dipropionate (166). 

Rama et al. (2000) developed a transdermal drug delivery system of propranolol 

hydrochloride by mercury substrate method. Ethyl cellulose (EC) and polyvinyl 

pyrrolidone (PVP) were used as matrix materials, dibutylphthalate was used as plasticizer 

and chloroform was used as solvent. Formulated patches were studied for thickness, 

content uniformity and in vitro dissolution. Randomized cross-over in vivo evaluation of 

optimized patches was carried out on rabbits. A comparison of pharmacodynamics and 

pharmacokinetics parameters was made between the oral and transdermal routes. 

Significant difference was found in Cmax, tmax, mean residence time (MRT) and area 

under curve (AUCTotal) from transdermal and oral route of drug administration. A 

sustained plasma level for 24 hours was observed from transdermal route. Relative 

bioavailability of propranolol hydrochloride from transdermal patches was five to six 

times higher than from oral route. Communication suggested that transdermal drug 

delivery system can enhance bioavailability by preventing metabolism of drug in liver 

and gastro intestinal tract (21). 

Semreen (2005) developed and validated reversed phase high performance liquid 

chromatographic (RP-HPLC) method for analyzing ketotifen fumarate in pharmaceutical 

dosage forms. In HPLC method, C18 column was used and mobile phase was a mixture of 

potassium dihydrogen phosphate buffer solution pH 4.0 and acetonitrile in 70:30 v/v. 

Flow rate of mobile phase was adjusted at 1.50 ml/min at 298 nm. Validation of method 

was carried out for linearity, accuracy, robustness, precision, laboratory, day, analyst, 

instrument and percentage of organic solvent. Method was found to be linear between 

drug  concentrations  from  0.602  to  1.017  mg/ml.  Drug  recovery data  obtained  were 
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between 99.40-100.50% and RSD was 0.55%. Study suggested that formulated method is 

more simple, repeatable and reproducible and could be successfully used to determine 

ketotifen fumarate in pharmaceutical dosage forms (167). 

Jain et al. (2011) developed and validated a reverse phase liquid chromatographic method 

to analyze simultaneously salbutamol sulphate and doxophylline in tablet dosage form. 

Luna C18 column (5 μm, 150 mm x 4.60 mm) was used for isocratic separation of both 

drugs. Mobile phase consisted of acetonitrile and potassium dihydrogen phosphate buffer 

solution 40:60 v/v and pH was adjusted 3.0 with orthophosphoric acid. Flow rate of 

mobile phase was 0.5 ml/min and detection of drugs was carried out by UV detector at 

wavelength of 225 nm. Prepared method was further validated for linearity, precision, 

accuracy, recovery, specificity and ruggedness. Results of study revealed that retention 

time of salbutamol sulphate was 3.14 ± 0.015 min and for doxophylline were 5.73 ± 0.06 

minutes. Method was found to be linear in range of 4-20 mg/ml for salbutamol sulphate 

and 400-2000 mg/ml for doxophylline. Percent recoveries were 98.54% of salbutamol 

sulphate and 98.79% of doxophylline. Developed method was perfect, easy, isocratic, 

precise, selective and rapid for determination of combined anti-asthmatic drugs in solid 

dosage form (168). 

Shin and Choi (2002) developed transdermal drug delivery system of anti-histaminic 

drug triprolidine. Poly (4-methyl-1-pentene) was used as matrix material; 

polyoxyethylene-2-oleyl ether as enhancer and tetraethyl citrate was used as plasticizer. 

Formulated patches were evaluated for in vivo permeation of drug in rabbits. 

Concentration of drug was determined in plasma by high performance liquid 

chromatography. Pharmacokinetic parameters of patches with enhancers were compared 

with patches without enhancer. AUCTotal was found higher in enhancer grouped patches 

(4058 ± 142 ng/ml/h) compared to that of blank patches (1902 ± 857 ng/ml h). Patches 

with permeation enhancer showed a Cmax of 216 ± 44.3 ng/ml while from blank patches 

Cmax was observed 130 ± 25.80 ng/ml. The relative bioavailability was 23.10% in the 

control group and 49.30% in the enhancer group in comparison of oral route of drug 

administration. Thus, matrix type transdermal drug delivery system could be developed 

and optimized to deliver therapeutic amount of triprolidine (169). 
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Subramanian et al. (2012) fabricated transdermal drug delivery system of anti-allergic 

drug fexofenadine hydrochloride. Ethyl cellulose (EC), hydroxypropyl methylcellulose 

(HPMC) and polyvinyl pyrrolidone (PVP) were used as film formers; dibutylphthalate as 

plasticizer and ethanol was used as solvent. System consisted of a rate controlling 

membrane of EC. Patches were evaluated for in vitro release rate and in vivo permeation 

of drug on rabbits. Optimized formulation released 94% of total drug in 15 hours in 

controlled manner due to presence of rate controlling membrane. In vivo permeation 

study showed that optimized formulation showed 99% of drug permeated at the end of 24 

hours. Transdermal drug delivery system of fexofenadine hydrochloride could be 

successfully developed and optimized for release and permeation of drug over sustained 

period of time (170). 

Attia et al. (2009) developed topical gel of naproxen sodium using different ratios of 

gelling agents like pectin, low and high viscosity grades of hydroxypropyl 

methylcellulose (HPlv & hv), carboxymethyl cellulose (CMC) and carbopol 934. 

Isopropyl myristate (IPM) and sodium laurylsulphate (NaLS) were added as enhancers 

and gel without enhancer was also formed for comparative study. Formulated gels 

subjected for in vitro release, in vitro permeation studies and duration of anti- 

inflammatory activity on carrageenan-induced paw oedema in rats. Formulation showing 

best in vitro profile (1% naproxen sodium in HPlv gel and carbopol gel) was selected for 

in vivo evaluation in human volunteers. Pharmacokinetic parameters of gel were 

compared with 250 mg marketed oral dosage form of naproxen sodium. Results of this 

study revealed that presence of enhancers even up to 10%, showed a mild enhancing 

effect on drug. Maximum inhibition of paw edema was seen 6 hours after injecting 

carrageenan. It showed a prolonged anti-inflammatory effect of gel. In vivo studies 

showed that maximum plasma concentration 1.27 µg/ml achieved at tmax 6 hours, while 

mean plasma concentration after 72 hours was found 0.45µg/ml. The marketed oral tablet 

showed a Cmax of 1.32 µg/ml at same tmax. Study suggested that naproxen sodium could 

be administered through topical route and destruction of drug in GIT could be bypassed 

by using transdermal delivery system (171). 
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3. Materials and Methods 
 

3.1. Materials 
 

Salbutamol sulphate (SS) was obtained as gift sample from Glaxo Smith kline (Karachi, 

Pakistan). Ketotifen fumarate (KF) was supplied as gift sample from Barrett Hodgson 

(Karachi, Pakistan). Eudragit RL 100, polyvinyl alcohol 72000 amu (PVA), ethyl 

cellulose (EC~5.1 cps) and polyvinyl pyrollidone (PVP) were purchased from Sigma 

Aldrich (UK). Eucalyptus oil was purchase from George Rennie (France). Isopropyl 

myristate (IPM) was supplied by Panreac Quimica (USA). Tween 80, tween 20, castor 

oil, span 80, chloroform and span 20 were purchased from BDH (UK). Potassium 

dihydrogen phosphate (KH2PO4), acetonitrile (CH3CN) HPLC grade, methanol 

(CH3OH) HPLC grade, perchloric acid (HClO4), glacial acetic acid and propylene glycol 

(PG) were purchased from Merck (Germany). All other chemicals used were of analytical 

grade. 

Water was distilled at water distillation assembly, in research laboratory of the Islamia of 

University Bahawalpur, Pakistan. 

 
3.1.1. Instruments 

 

Hot plate stirrer (Velp Scientifica, Germany). Sonicator (Elmasonic Elma E 30 H). 

Specially designed stainless steel cutter having diameter of 1.5 cm². Analytical balance 

(Shimadzu AUX220, Germany). Digital micrometer screwgauge (Sharpfine Type-A, 

China). UV-Vis Spectrophotometer (Shimadzu-1601, Germany). Dissolution apparatus 

(USP apparatus 5. Pharma Test, Germany). Automated fraction collector (PharmaTest, 

Germany). Franz Diffusion Cell (Permegear, Bethlehem, USA). Thermostatic water bath 

(Brookfield, USA). Peristaltic pump (Heidolph pump driver 5001, Germany). Double 

distilled water distillation assembly (Hamilton laboratory glass, Margate Kent). Milli 

pore filters (Pharma test, Germany). High Performance Liquid Chromatographic System 

(Agilent Technologies, 1200 Series, USA). Hettich centrifuge (Tuttlingen, Germany). 

Cellulose acetate filter 0.45 μm pore size, (Sartorius Goettingen, Germany). RP-C18 

stainless steel analytical column 4.6 × 150 mm (Thermo Scientific corporation, USA). 

U.V Detector (Agelant technology, USA). Cutometer (Courage and Khazaka, Germany). 

Tewameter (Courage and Khazaka, Germany). Electric hair clipper (Dingling hair and 
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beard trimmer RF 608, China). Digital pH meter (Inolab, Germany). Vortex Mixture 

(SLV-6 seoulin bioscience, Korea). 

 
3.1.2. Glassware 

 

Petri dishes, conical flasks, funnels, measuring cylinders, beakers, test tubes, pipettes, 

centrifuge tubes, ependroff tubes and vacuum tubes. 

 
3.2. Preparation of Combined Anti- asthmatic Transdermal Patches 

 

3.2.1. Preparation of Backing Membrane 
 

The backing membrane was prepared after slight modification of previously known 

method. An aqueous solution of polyvinyl alcohol (4% w/v) was prepared in distilled 

water in conical flask with continuous stirring on hot plate stirrer at 80oC. After cooling, 

the polyvinyl alcohol solution was deaerated for 2 min by sonicator to remove any 

entrapped air. Finally 15 ml of the prepared solution was poured in glass petri dishes of 

an area of approximately 61 cm2 and petri dish containing membrane solution was dried 

at room temperature for 24 hours (172). Polyvinyl alcohol is frequently used polymer in 

manufacturing of backing membrane (173, 174). Polyvinyl alcohol forms water 

impermeable membrane that provides the occlusive condition to the system and 

facilitates to enhance permeation of drugs. Further, polyvinyl alcohol is reported to 

improve the adhesiveness of membrane with matrix film (175). 

 
3.2.2. Preparation of Matrix Solution 

 

3.2.2.1. Single Polymeric Matrix (F1-F8) 
 

Table 3.1 describes the formulation variables per 100 ml of matrix dispersion. The patch 

formulation solution was prepared by adding 5 g eudragit RL100 to 100 ml methanol in 

250 ml conical flask. The flask was sealed and solution was stirred at 500 rpm by 

magnetic stirrer for 30 minutes. After thorough mixing, relevant plasticizer and enhancers 

were added and mixed well for 30 min. 0.620 g ketotifen fumarate and 2.480 g 

salbutamol sulphate were added and stirred for 30 minutes to obtain a homogenous 

dispersion. Then the matrix dispersion was sonicated for 5 minutes to remove entrapped 

air. 
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Table 3.1: Composition of combined anti-asthmatic transdermal patches having eudragit 
RL 100 with various enhancers 

 
 
 

Ingredients 

Formulations 

F1 F2 F3 F4 F5 F6 F7 F8 

Eudragit RL 100 (g) 5 5 5 5 5 5 5 5 

Propylene glycol (g) 1.75 - - - - - - - 

Tween 20 (g) - 5 - - - - - - 

Tween 80 (g) - - 5 - - - - - 

Isopropyl myristate  (g) - - - 5 - - - - 

Eucalyptus oil (g) - - - - 5 - - - 

Castor oil (g) - - - - - 5 - - 

Span 20 (g) - - - - - - 5 - 

Span 80 (g) - - - - - - - 5 

Methanol (ml) 100 100 100 100 100 100 100 100 

 

 

3.2.2.2. Combined Polymeric Matrix (F9-F32) 
 

To prepare combined polymeric matrix100 ml of solvent mixture of chloroform and 

methanol (1:1) was taken in 250 ml conical flask and weighted amount of polymers 

(eudragit RL100 1.5 gm: ethyl cellulose 1.5 gm) (eudragit RL100 1.5 gm: polyvinyl 

pyrrolidone 1.5 gm) (ethyl cellulose 1.5 gm: Polyvinyl pyrrolidone 1.5 gm) were added 

into the flask gradually. The flask was sealed and solution was stirred at 500 rpm by 

magnetic stirrer for 30 minutes. After complete mixing, relevant enhancer (tween 80, 

tween 20, isopropyl myristate (IPM), eucalyptus oil, castor oil, span 80 and span 20) and 

plasticizer propylene glycol (PG) was added to polymeric solution and sonicated for a 

thorough mixing of ingredients. 0.62 g of ketotifen fumarate and 2.48 g of salbutamol 

sulphate were added and stirred for 30 minutes to obtain a homogenous dispersion. Then 

the matrix dispersion was sonicated for 5 minutes to remove entrapped air. 

 
3.2.3. Casting of Polymeric Matrix 

 

10 ml of matrix solution was poured in each petri dish already containing backing 

membrane. The petri dishes were placed horizontally at room temperature for 24 hours in 
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order to dry the solution. To avoid rapid evaporation, a funnel was inverted over the petri 

dish. After complete evaporation, the dried patches containing multiple anti-asthmatic 

drugs were carefully removed from petri dishes, wrapped into aluminum foil, labeled and 

stored at 25 °C (133). Formulation variables of different transdermal patches with various 

enhancers and polymers are given in Table 3.2, 3.3 and 3.4. 

 
Table 3.2: Composition of combined anti-asthmatic transdermal patches having eudragit 

RL 100 and ethyl cellulose 1:1 (w/w) with various enhancers 
 

 

Ingredients 
Formulations 

F9 F10 F11 F12 F13 F14 F15 F16 

Eudragit  RL  100  (g) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

Ethyl cellulose (g) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

Propylene glycol (g) 1.75 - - - - - - - 

Tween 20 (g) - 5 - - - - - - 

Tween 80 (g) - - 5 - - - - - 

Isopropyl myristate (g) - - - 5 - - - - 

Eucalyptus oil (g) - - - - 5 - - - 

Castor oil (g) - - - - - 5 - - 

Span 20 (g) - - - - - - 5 - 

Span 80 (g) - - - - - - - 5 

Chloroform-methanol 100 100 100 100 100 100 100 100 

mixture (1:1 v/v) (ml) 
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Table 3.3: Composition of combined anti-asthmatic transdermal patches having eudragit 
RL 100 and polyvinyl pyrrolidone 1:1 (w/w) with various enhancers 

 
 

Ingredients 
Formulations 

F17 F18 F19 F20 F21 F22 F23 F24 

Eudragit RL 100 (g) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

Polyvinyl pyrollidone (g) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

Propylene glycol (g) 1.75 - - - - - - - 

Tween 20 (g) - 5 - - - - - - 

Tween 80 (g) - - 5 - - - - - 

Isopropyl myristate  (g) - - - 5 - - - - 

Eucalyptus oil (g) - - - - 5 - - - 

Castor oil (g) - - - - - 5 - - 

Span 20 (g) - - - - - - 5 - 

Span 80 (g) - - - - - - - 5 

Chloroform-methanol 100 100 100 100 100 100 100 100 

mixture (1:1 v/v) (ml) 
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Table 3.4: Composition of combined anti-asthmatic transdermal patches having ethyl 
cellulose and polyvinyl pyrollidone 1:1 (w/w) with various enhancers 

 
 

Ingredients 
Formulations 

F25 F26 F27 F28 F29 F30 F31 F32 

Ethyl cellulose (g) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

Polyvinyl pyrrolidone (g) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

Propylene glycol (g) 1.75 - - - - - - - 

Tween 20 (g) - 5 - - - - - - 

Tween 80 (g) - - 5 - - - - - 

Isopropyl myristate  (g) - - - 5 - - - - 

Eucalyptus oil (g) - - - - 5 - - - 

Castor oil (g) - - - - - 5 - - 

Span 20 (g) - - - - - - 5 - 

Span 80 (g) - - - - - - - 5 

Chloroform-methanol 100 100 100 100 100 100 100 100 

mixture (1:1 v/v) (ml) 

 

 
3.2.4. Cutting of Patches 

 

The dried films were cut into circular form patches with the help of specially designed 

stainless steel cutter having a uniform diameter of 1.5 cm². About 18- 20 patches of 1.5 

cm² were obtained from one petri dish of the diameter 61 cm². 

 
3.3. Visual and Physical Evaluation 

 

Physical appearance, weight variation, thickness, texture and color of various transdermal 

formulations were evaluated. All the formulations of transdermal patches were visually 

inspected for the smoothness, color, clarity and brittleness (176). 

 
3.3.1. Weight Uniformity Test 

 

Five patches were selected randomly out of each formulation and weight uniformity of 

dried and cut patches was checked on digital balance. The average weight of five patches 
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of 1.5 cm² for each formulation gave information about weight variation among different 

formulations (170, 177). 

 
3.3.2. Thickness Measurement of Transdermal Patches 

 

The thickness of patches was determined by using micrometer screw gauge. For 

determining variation in thickness, every patch was checked at five different places and 

finally mean of five readings was taken to evaluate the thickness of formulated patches 

(178). 

 
3.4. Drug Content Uniformity 

 

For the assurance of uniformity of drug distribution in transdermal films, patches without 

drug were also prepared to be used as blank. Uniformity of drug content was assured by 

comparing drug loaded patches with blank patches (without drug). The films were cut 

into small pieces of an area of 1.5 cm2 and placed in 100 ml of water in conical flask and 

stirred continuously on magnetic stirrer for 36 hours. Then the solution was sonicated for 

30 min and filtered. The suitable dilutions were prepared with distilled water and samples 

analyzed on double beam UV-visible spectrophotometer at wave length of 300 nm for 

ketotifen fumarate and 276 nm for salbutamol sulphate (179). 

 
3.5. In vitro Release Studies 

 

Assessment of release properties of transdermal therapeutic systems represents an 

important test for pharmaceutical performance of transdermal patches. Regulatory 

authorities need a test analogous to the tablet dissolution test, where patches are placed in 

direct contact with an aqueous receptor medium or where a permeable membrane is 

inserted between the patch and receptor solution (180, 181). 

Dissolution test was performed to determine the in vitro release of drugs from combined 

anti-asthmatic patches using paddle over disk method (USP apparatus 5). The patch (1.5 

cm2) containing 1.5 mg of ketotifen fumarate and 6 mg of salbutamol sulphate was 

placed against the watch glass with a diameter of 3 inches and retained in position with 

stainless steel mesh (25 µm) by stainless steel clips. The disk assemblies holding the 

patch were placed at bottom of vessels with release surfaces facing upward and were 

centered using a glass rod. The vessel was filled with 500 ml distilled water at 32 ± 0.5 
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°C (skin temperature). As both of the anti-asthmatic drugs are water soluble, water was 

used as dissolution medium because water is an inert solvent. In case of some buffers 

used as dissolution medium there may be chances of interfering the content of buffers in 

analyzing the active pharmaceutical ingredients. Further, water is a common dissolution 

medium, previously used to conduct the release studies of both ketotifen fumarate and 

salbutamol sulphate separately in various transdermal and oral dosage forms (70, 182). 

Paddles were fitted so that the distance between paddle blade and surface of disk 

assembly was 2.5 cm. The stirring speed of paddles was set at 50 rpm and the vessels 

were covered to minimize the evaporation. 5 ml samples from each vessel were collected 

at 0.0, 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 10, 12, 14, 16, 20 and 24 hours with an automated 

fraction collector (PTFC II, Pharma Test, Germany) and filtered through Millipore filters 

(Whatman, Germany). Disc assembly setup of transdermal patch with watch glass, wire 

mesh and clips is shown in Figure 3.1 and dissolution apparatus with auto sampler is 

shown in Figure 3.2. Samples taken from vessels at various intervals were analyzed at 

wave length of 300 nm for ketotifen fumarate and 276 nm for salbutamol sulphate using a 

UV-visible spectrophotometer. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure. 3.1: Transdermal patch dissolution setup (a) disc assembly (b) watch glass, clips, 
wire mesh and patch 
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Figure. 3.2: Dissolution apparatus with auto sampler (Pharma Test Germany) 
 
 

3.5.1. Drug Release Kinetics 
 

Drug release data (0-24 hours) obtained from dissolution study of combined anti- 

asthmatic patches of ketotifen fumarate and salbutamol sulphate was fitted to different 

kinetic models. Kinetic Equations elaborated by Higuchi et al. (1963), Desai et al. (1966) 

and Najib and Suleiman (1985) are described below (183-185): 

 
Zero Order: Q =K0t 

 
K0 is the rate constant for Zero-order model and t is time in hours. The value of K0 is 

obtained from slope of graph of concentration vs time. 

 
First Order: LogQ =LogQ0−kit /2.303 

 
Q0 is the initial concentration of drug and ki is the first order constant for the release of 

drug from system. The slope of graph between the Logs of cumulative % age drug 

remaining vs time in hours gives the value of ki. 

 

Higuchi- Matrix: Q=Kh t1/2
 

 

Q is the amount of drug released in time t and Kh is Higuchi rate constant. According to 

the Higuchi-matrix equation, the release rate of drug is proportional to the reciprocal of 

the square root of time (186). 
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3.6. In vitro Permeation Studies 
 

In vitro permeation gives the assessment of in vivo performance of transdermal 

formulations (88). In permeation study of combined anti-asthmatic transdermal patches, 

Franz diffusion cell with an area of 1.5 cm2 was used and volume of receptor 

compartment was 12 ml. Due to difficulty of obtaining human skin samples, rabbit skin 

was used. Distilled water was used as receptor medium. Receptor medium was chosen on 

the basis of physicochemical properties of drugs under study. 

 
3.6.1. Animals 

 

It is ideal to use the human skin for in vitro permeation of drug to best simulate the in 

vivo performance of drug. However, human skin sample is difficult to obtain and use of 

human body organs have limitations from ethical committees. Therefore, in present study 

rabbit skin was used to evaluate the in vitro permeation profile of ketotifen fumarate and 

salbutamol sulphate simultaneously from formulated transdermal patches. Previously, 

rabbit model was used successfully by various researchers to monitor the permeation of 

numerous lipophilic and hydrophilic drugs through transdermal route of administration 

(154-156). White male rabbits (Crytolagus cuniculus) weighing 2-2.50 kg were obtained 

from the animal store of the Department of Pharmacy, the Islamia University of 

Bahawalpur Pakistan. 

 
3.6.2. Preparation of Skin for Franz Diffusion Cell 

 

Dorsal region of male white rabbit was shaved using an electric hair clipper. Care was 

taking to avoid any damage or cut to skin. The shaved portion of rabbit skin was 

depilated by a depilatory cream. After 5 minutes, skin was cleaned by water and cotton 

swab. After shaving and depilation, the animal was left for 24 hours in order to return 

back the skin in its original physiological condition. It also heals any abrasion or cut 

caused during shaving. After 24 hours, prepared skin was marked and animal was 

sacrificed. The treated skin was excised from animal with the help of surgical scissors. 

After removing the skin, subcutaneous fat was removed with table knife and epidermis 

removed by heat separation method by inserting the full thickness skin in hot water at 60 

°C for 1 min and carefully separated the epidermis from dermis. The separated epidermis 
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was washed with distilled water, enclosed in aluminum foil and stored at -50oC (Ultra- 

low temperature freezer; Sanyo, Japan) until subjected to study (187-190). 
 

 

3.6.3. Skin Barrier Integrity Checking 
 

Prepared skin was inspected visually to determine the integrity and quality of skin. 

Stratum corneum of skin prevents the loss of water from body. Transepidermal water loss 

is amount of water loss from 1 m² of skin surface area within one hour. Transepidermal 

water loss of prepared skin was determined by Tewameter. The pieces of skin membranes 

having transepidermal water loss value less than 15 g/m2/h are considerably used for 

permeation studies (191, 192). 

 
3.6.4. Setting of Franz Diffusion Cell 

 

The solution in receptor compartment of Franz diffusion cell is called receptor medium 

and it is selected on the basis of physicochemical compatibility with membrane, 

formulation and drug. In present study, both of anti- asthmatic drugs are water soluble. 

Therefore, double distilled water was used as receptor medium. The receptor medium 

was filled in receptor compartment of cell and temperature of outer jacket was set at 37 ± 

10C, by continues circulation of water from thermostatic water bath. Figure 3.3 represents 
 

diffusion cell assembly including magnetic stirrer, Franz diffusion cell and water bath 

with pump. Difference in temperature is due to loss of heat in plastic tubes that supply the 

water to outer jacket of Franz diffusion cell from thermostatic water bath (193-195). 
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Figure 3.3: Diffusion cell assembly showing magnetic stirrer, Franz diffusion cell, and 
water bath with pump 

 
3.6.5. Application of Transdermal Patches to the Prepared Membrane 

 

A piece of prepared hairless rabbit skin membrane was cut in size equal to the diameter 

of Franz diffusion cell and placed over the open end of receptor compartment so that skin 

cover the open end of cell completely. Precisely cut patch of an area of 1.5 cm² was 

placed over the skin membrane fitted to receptor compartment. Patch was placed in such 

a position that releasing surface of patch attached to the skin membrane and donor 

compartment was set over the receptor compartment. Stainless steel clamp was used to 

position both compartments and junction of assembly was wrapped with adhesive tape in 

order to avoid evaporation of receptor medium. Further, occlusive condition was 

provided by covering the patch with aluminum foil and petroleum jelly. The settled 

assembly was placed over the magnetic stirrer. and the receptor fluid was kept stirring 

continuously at a speed of 500 rpm during tests by using magnetic bars. 

 
3.6.6. Sampling 

 

1 ml of sample was taken at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 10, 12, 14, 16, 20 and 24 hours 

from the receptor compartment through the sample port using long needle syringe. For 

formulations F17-F24 sample was also taken at 36 and 48 hours. Volume of receptor 

medium was kept constant by replacing with equal volume of receptor fluid at the time of 

each sample. During sampling, it must be considered that there was no bubble in syringe 
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because air entrapment in receptor fluid causes to reduce the area of membrane available 

for permeation. If bubble appears in receptor compartment, it can be removed by gently 

tilting the Franz cell. 

 
3.6.7. Sample Analysis 

 

1 ml of collected sample was diluted up to 10 ml with distilled water (receptor fluid) and 

drug concentration was analyzed in receptor fluid with elapse of time on UV-visible 

Spectrophotometer at a wavelength of 300 nm for ketotifen fumarate and 276 nm for 

salbutamol sulphate. 

 
3.6.8. Data Analysis 

 

3.6.8.1. Corrected Drug Concentration (Q'n) 
 

A 1ml sample was withdrawn from the Franz diffusion cell at specific time intervals for 

24 hours and volume of cell was kept constant by replacing an equal volume of receptor 

fluid at each sampling time. Correction of drug concentration for dilution and sampling 

effect is needed to evaluate actual amount of drug permeated through the membrane. The 

corrected drug concentration can be described by the equation (196). 
 

Q'n = Cn (Vt / Vt-Vs) (Q n-1 / C n-1) 
 

Where, 
 
 
 

Q'n is the corrected concentration of nth samples 

Cn is the measured concentration of nth sample 

Vt is the volume of receptor compartment 

Vs is the volume of sample withdrawn 
 

Q'n-1 is the corrected concentration of (n-1)th sample 
 

C n-1 is the measured concentration of drug in (n-1)th sample 
 

Cumulative amount permeated per unit area of membrane is given as: 
 

Qn = Q'n / S 

Where, 
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S = Permeation area of Franz Cell i.e. 1.5 cm2
 

 
 

3.6.8.2. Steady State Flux (Jss) 

Steady state flux Jss (µg/h/cm2) was calculated from linear portion of the curve obtained 

by plotting cumulative amounts permeated per unit area (Qn) vs time (197). 
 

 

3.7. In vivo Evaluations of Transdermal Patches 
 

Developed transdermal patches that showed best results during in vitro evaluation were 

further subjected for in vivo evaluations. In vivo studies conducted include skin irritation 

study, drug release study, permeation of anti-asthmatic drugs from combined transdermal 

patches and bioavailability of commercial oral dosage forms. A comparison in 

bioavailability of drugs from oral and transdermal rout was also made. 

 
3.7.1. Skin Irritation Study 

 

Transdermal patches were applied directly on the skin, so there were some possibilities of 

causing irritation to the skin. Therefore, skin irritation test was performed to evaluate any 

hazard of irritation induced by transdermal formulation to ensure the safety of 

formulations for application on the intact skin. Irritation study of developed combined 

anti-asthmatic transdermal patches was performed on 10 healthy human volunteers, 

weighing 60-80 kg and age in the range of 21-27 years. Study was performed at the inner 

arm. A circle was made with permanent ink on the inner arm of volunteer and erythema 

at the marked area of skin was measured with Mexameter™ (Courage and Khazaka, 

Germany) before application of patches. The values taken before the application of 

patches were considered as control values. Patches were removed after 8 hours and 

erythema readings from the marked circle on skin were recorded again. Data obtained 

from Mexameter readings was analyzed for the study of skin irritation. Statistical paired 

sample t-test was applied at the level of P = 0.05 (198). 

 
3.7.2. In vivo Drug Release 

 

3.7.2.1. Selection of Animals 
 

Rabbits of male sex of 10-12 weeks old, weighing 2-3 kg were selected for in vivo studies 

of fabricated transdermal patches and marketed oral dosage forms. Animals were selected 
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according to the inclusion and exclusion criteria of Food and Drug Administration 

(FDA). Rabbits were housed in stainless steel cages at 28 ± 2°C with a relative humidity 

of 55 ± 10% under 12 hours light-dark cycle. Animals were kept with husk bedding and 

fed with standard rodent pellet diet and water. 

Procedure of in vivo experiments on rabbits was approved for ethics of animal studies. 

Entire study was carried out in accordance with procedure for care and use of laboratory 

animals, approved by Pharmacy Research Ethics Committee (PREC) of the Faculty of 

Pharmacy and Alternative Medicine, the Islamia University of Bahawalpur- Pakistan. 

 
3.7.2.2. Preparation of Skin for Patch Application 

 

A set of 12 healthy rabbits was selected for in vivo performance of optimized transdermal 

patches. Dorsal parts of selected rabbits were prepared for the application of fabricated 

transdermal patches. Hair from the dorsal area of rabbit was shaved carefully with 

electric hair clipper. After shaving and depilating, the animal was left for 24 hours in 

order to return back the skin in its original physiological condition. There must be no cut 

or abrasion on the animal skin, which might lead to alter the permeation profile of applied 

patches. Shaved and depilated areas of rabbits were cleaned with distilled water and 

swabbed with cotton containing ethylated sprit to remove any contamination. 

 
3.7.2.3. Analysis of Drug(s) release 

 

A set of four healthy male rabbits weighing 2-2.5 kg and 10-12 weeks old was selected to 

carry out in vivo drugs release performance from the optimized formulation in 

comparison to formulation without enhancer (199). The selected group of animal was 

checked to ensure that they were free from any disease. Developed transdermal patches 

were applied on the shaved and cleaned dorsal surface of rabbit’s skin according to 

method described by Udupa (1993) (200). Seven patches of 1.5 cm² were applied to each 

rabbit. Patches had 1 mg of ketotifen fumarate and 2 mg of salbutamol sulphate. All the 

patches were applied at same time but removed at different times, after 1, 6, 12, 18, 24, 

36 and 48 hours. Remaining amount of drugs in patches after removing at various time 

interval were determined by UV-spectrophotometer at wavelength of 300 nm for 

Ketotifen fumarate and 276 nm for salbutamol sulphate. Amount of drug release at 

different time points was calculated by formula described by Jayaprakash et al. (2010) 
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where,   and    represent amount of drug released at any time interval, initial drug 

content before placing the film and remaining drug content after removal of the film, 

respectively (77). 

 
3.7.3. In vivo Permeation of Combined Drug(s) Patches and Bioavailability of 

Individual Oral Tablets 

In vivo evaluation of transdermal patches and tablet dosage form was carried out on 
 

rabbits. Commercial product used in iv-vivo study included oral tablets form of ketotifen 

fumarate (Asthotifen 1mg by ZAFA pharmaceutical laboratories (Private) Limited. 

Karachi, Pakistan) and salbutamol sulphate (Ventolin 2mg by Glaxo Smith kline Karachi, 

Pakistan). 

 
3.7.3.1. Application of Combined drug(s) Patches and administration of Marketed 

Tablets 

An accurately cut patch of 1.5 cm² containing 1 mg of ketotifen fumarate and 2 mg 

salbutamol sulphate was placed on the shaved and cleaned dorsal areas of a group of 12 

healthy rabbits. Patch was stuck to animal skin with the help of adhesive tape (Paragon 

zinc oxide adhesive plaster) (Udupa, 1993). Another group of 12 healthy rabbits was 

selected for in vivo study of commercial tablets. Tablets of Asthotifen by ZAFA 

pharmaceutical laboratories Karachi, Pakistan (1mg of ketotifen fumarate) and Ventolin 

by Glaxo Smith kline Karachi, Pakistan (2 mg of salbutamol sulphate) given to rabbits to 

evaluate the pharmacokinetics of anti-asthmatic drugs after oral administration of 

commercial products (200). 

 
3.7.3.2. Sample Collection 

 

After application of transdermal patches and administration of marketed oral dosage 

forms (tablets), approximately 2 ml of blood sample was collected from the marginal ear 

veins of rabbits at 0, 1, 2, 3, 4, 6, 8, 10, 12, 18, 24, 36 and 48 hours in heparinized 

vacuum tubes. Plasma was separated from collected blood samples immediate after 

sampling by centrifuging the blood sample at 5000 rpm for 10 minutes and carefully 

collecting the transparent layer of plasma in ependroff tubes. Plasma samples were stored 
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at -70°C until analysis. The drugs were analyzed simultaneously in each sample by newly 

developed HPLC method (201). 

 
3.7.3.3. HPLC Conditions 

 

Samples were analyzed at high performance liquid chromatographic system (Agilent 

Technologies, 1200 Series, USA), equipped with RP-C18 stainless steel analytical column 

(4.6 × 150 mm). UV Detector, Rheodyne injector with 20 μl loop and quaternary pump 
 

was used. System was operated at ambient temperature. Mobile phase had a composition 

of acetonitrile and 0.1 M potassium dihydrogen phosphate buffer 30:70, pH 4 adjusted 

with glacial acetic acid. Flow rate was adjusted 0.5 ml/minute and injection volume was 

20µl. UV wavelength for simultaneous determination of ketotifen fumarate and 

salbutamol sulphate was adjusted at 276 nm. 

 
3.7.3.4. Preparation of Mobile Phase 

 

Mobile phase for the simultaneous determination of ketotifen fumarate and salbutamol 

sulphate consisted of 30:70 mixture of acetonitrile and 0.1 M potassium dihydrogen 

phosphate buffer, pH was adjusted at 4 by glacial acetic acid. Prior to application, mobile 

phase was filtered by cellulose acetate filter 0.45 μm pore size. 

 
3.7.3.5. Preparation of Stock Solutions 

 

Stock solutions of ketotifen fumarate and salbutamol sulphate were prepared separately 

by dissolving 100 mg of each drug in 100 ml of double distilled water to give a final 

concentration of 1 mg/ml of each drug. Working solutions of both drugs were prepared 

and combined in mobile phase by dilutions of stock solutions ranging from 1.56-100 

ng/ml. The prepared solutions were stored at a temperature of -20 °C and protected from 

light. 

 
3.7.3.6. Calibration Curve 

 

Seven dilutions containing different concentrations of ketotifen fumarate and salbutamol 

sulphate were prepared in different portions of mobile phases. Solutions had a final 

concentration of 1.56, 3.125, 6.25, 12.5, 25, 50, 100 ng/ml of each drug. Prepared 

samples were sonicated for 2 minutes to remove the entrapped air. Analytical column was 
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washed for 30 minutes with mobile phase before injecting the drug sample. 20 µl of 

prepared sample was injected and noted down the obtained peak area. Three injections 

for each concentration were evaluated and averaged. Calibration curve was constructed 

by plotting obtained area at Y-axis and drug concentrations at X-axis. 

 
3.7.3.7. Spiking of Plasma Blank Sample 

 

For plasma spiking, 900 µl of plasma was taken in a centrifuge tube, 100 µl of 10% 

perchloric acid solution in double distilled water was added to the plasma and agitated by 

vortex mixture for 2 minutes and centrifuged by Hettich centrifuge, for 10 min at 3000 

rpm. Supernatant protein free layer was collected in ependroff tube and filtered by 

Millipore filter 0.45 µm. A sample of 20 µl of this spiked solution was injected in 

Rheodyne injector of HPLC. Extraction efficacy of plasma was calculated in terms of 

percentage by the formula given below: 

 

 

Extraction efficiency = × 100 
 

 
 

3.7.3.8. Calibration Curve in Plasma 
 

For construction of calibration curve, plasma was spiked by the method given above. 

Both drugs were added to the plasma prior to extraction. Seven concentrations of drugs 

were prepared in plasma to make final concentrations of 1.56, 3.125, 6.25, 12.5, 25, 50, 

100 ng/ml of each drug (ketotifen fumarate and salbutamol sulphate). Prepared samples 

were filtered by Millipore filter 0.45 µm. 20 µl of sample was injected in HPLC and 

observed the peak area of chromatogram. Calibration curve was constructed by plotting 

obtained areas against the concentration (ng/ml) of drug injected. 

 
3.7.3.9. Analysis of Collected Samples 

 

Samples collected from rabbits at various time intervals were analyzed by HPLC for the 

change in concentration of drug in plasma with elapse of time. Extraction of plasma 

samples carried out by method described above. 20 µl of aliquot sample was injected in 

HPLC for quantification of drugs in plasma sample. 
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3.7.3.10. Pharmacokinetic Analysis 
 

Kinetica software version 4.4 and MS Excel 2007 were used to calculate the 

pharmacokinetic parameters. In vivo performance of fabricated transdermal patches and 

commercial oral dosage forms was evaluated and compared. Pharmacokinetic parameters 

calculated includes maximum plasma concentrations of drugs (Cmax), time to achieve the 

maximum plasma concentrations of both drugs (tmax), area under plasma concentration 

time curve (AUCTotal), mean residence time (MRT), plasma half-life (t1/2) and total body 

clearance (Cl). 

 
3.7.4. Comparison of Oral Tablets and Fabricated Transdermal Patches 

 

Relative bioavailability of developed transdermal patches and commercially available 

tablets Asthotifen (1 mg ketotifen fumarate) by ZAFA pharmaceutical laboratories 

Karachi, Pakistan and Vantolin (2 mg salbutamol sulphate) by Glaxo Smith kline 

Karachi, Pakistan was evaluated. A comparison of bioavailability of developed 

transdermal patches was made by applying t-test. 
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4. Results and Discussions 
 

The present study was conducted to fabricate a combined transdermal drug delivery 

system of two anti-asthmatic drugs, ketotifen fumarate a mast cell stabilizer and 

salbutamol sulphate a bronchodilator. Matrix type transdermal drug delivery system was 

developed by solvent casting or plate casting method. Various formulations of 

transdermal drug delivery system were developed using different polymers and polymeric 

blends as film formers, like eudragit RL 100, ethyl cellulose and polyvinyl pyrrolidone. 

Tween 20, Tween 80, isopropyl myristate (IPM), eucalyptus oil, castor oil, Span 20 and 

Span 80 were used to promote permeation of drugs through skin membrane. Propylene 

glycol was used as plasticizer. Solvent was selected on the basis of solubility of polymer 

(s). Methanol was used as solvent for patches having eudragit RL100 alone. A mixture of 

chloroform-methanol (1:1) was used as solvent for formulations having combination of 

polymers. Developed transdermal patches were subjected for visual and physicochemical 

evaluation like smoothness, clarity, brittleness, weight variation, thickness and content 

uniformity. In vitro drug release and permeation studies of patches were also performed 

to optimize transdermal system. Optimized formulations were further evaluated for iv- 

vivo skin irritation study, in vivo drug release study and in vivo permeation of drugs. 

Finally, bioavailability of drugs from optimized transdermal patches was compared with 

marketed oral dosage form. 

 
4.1. Physicochemical Evaluations 

 

4.1.1. Visual Evaluations 
 

Visual appearance of the prepared patches like color, smoothness, clarity and surface 

appearance were checked and results obtained are given in Table 4.1. Formulations F1, 

F9, F17 and F25 showed better properties in regards of smoothness and flexibility. These 

formulated transdermal patches contained propylene glycol (35% w/w of polymer) as 

plasticizer. Propylene glycol is primarily used as additive and plasticizer in the 

preparation of transdermal patches. It reduces brittleness and rigidity of membrane 

leading to improved smoothness, physical stability, plasticity and appearance of films. 
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Table 4.1: Visual appearance of transdermal patches 
 

 
 

Formulation 
Visual  appearance 

 

Smoothness Clarity Brittleness 
Overall 

appearance 
F1 + + × Satisfactory 
F2 ++ × ++ Satisfactory
F3 + × × Satisfactory
F4 ++ ++ ++ Satisfactory 
F5 ++ × + Satisfactory
F6 ++ ++ ++ Satisfactory
F7 + × + Satisfactory 
F8 × + ++ Satisfactory
F9 + + × Satisfactory 

F10 + × + Satisfactory 
F11 ++ × ++ Satisfactory
F12 ++ ++ ++ Satisfactory
F13 ++ × + Satisfactory 
F14 ++ ++ ++ Satisfactory
F15 + × + Satisfactory
F16 + × + Satisfactory
F17 ++ + ++ Satisfactory 
F18 + × + Satisfactory
F19 ++ + + Satisfactory
F20 ++ ++ ++ Satisfactory 
F21 + ++ + Satisfactory
F22 ++ ++ ++ Satisfactory
F23 + ×× + Satisfactory 
F24 + + × Satisfactory
F25 ++ ++ ++ Satisfactory
F26 + + + Satisfactory 
F27 × + + Satisfactory
F28 ++ ++ ++ Satisfactory
F29 ++ ++ ++ Satisfactory 
F30 ++ × ++ Satisfactory
F31 + + + Satisfactory
F32 + + + Satisfactory 

 

 

Effect of the plasticizer on newly formulated transdermal patches was similar to the 

results of study conducted by Rao and Diwan (1997). They studied the effects of different 

plasticizers on polymeric membranes of diltiazem hydrochloride (202). In their 

formulations, propylene glycol (40% w/w of polymer) gave better effects on smoothness, 
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clarity and flexibility of films. Formulations having Tween 80, Tween 20, isopropyl 

myristate, eucalyptus oil, castor oil, Span 80 and Span 20 as permeability enhancers, 

showed satisfactory physical and mechanical properties without addition of plasticizer. 

These enhancers were found to improve smoothness, clarity and reduced brittleness of 

patches. Castor oil is a good emollient and possesses admirable lubricating and 

absorption properties. Due to suitable physical and chemical properties, castor oil acts as 

good plasticizer. Entwistle and Rowe (1979) explained the possible mechanism of action 

of plasticizers. They explained that plasticizers act by interposing between forces that 

hold the polymer chains producing softening and extending effect on formulated matrix 

membrane (203). 

 
4.1.2. Weight Variation 

 

Weight uniformity was performed by measuring weight of individual cut patches of 1.5 

cm². Each time, weight of five patches was measured by weighing on analytical balance 

and mean was calculated. Results obtained are given in Table 4.2. Weight of patches was 

in the range of 25.2-38.5 mg. It was found that there was a slight variation in weights of 

patches with different polymers and polymeric blends. 

 
4.1.3. Thickness Uniformity Test 

 

Digital micrometer screw gauge was used to calculate thickness of various patches. Each 

patch was checked at five places and average was calculated. Results were in the range of 

18-30 µm with very low values of stander deviations. Thickness of transdermal patches 

along with standard deviations in µm is also given in Table 4.2. Low values of standard 

deviations ensure that the patches had uniform thickness and values of variations were 

insignificant. 
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Table 4.2: Weight variation, thickness and content uniformity of transdermal patches 
 

 

 
Formulation 

Physical Properties 

Weight 
variation (mg)
± S.D. 

Thickness(µm) ± 
S.D. 

Contents %age ± S.D. 
Ketotifen 
fumarate 

Salbutamol 
sulphate 

F1 30.57 ± 0.001 18 ± 0.005 97.62 ± 0.002 98.58 ± 0.009
F2 30.21 ± 0.002 20 ± 0.004 101.73 ± 0.001 100.49 ± 0.001 
F3 29.34 ± 0.002 20 ± 0.009 98.84 ± 0.003 99.54 ± 0.003
F4 29.60 ± 0.001 22 ± 0.003 101.98 ± 0.004 101.25 ± 0.008
F5 28.90 ± 0.003 25 ± 0.004 99.09 ± 0.006 97.32 ± 0.002
F6 31.00 ± 0.005 27  ± 0.009 98.27 ± 0.004 98.57 ± 0.007
F7 30.50 ± 0.004 30 ± 0.001 101.11 ± 0.006 102.29 ± 0.003
F8 26.30 ± 0.002 29 ± 0.002 100.02 ± 0.005 103.75 ± 0.006
F9 30.52 ± 0.005 18  ± 0.005 97.62 ± 0.002 96.40 ± 0.004 

F10 30.78 ± 0.001 20 ± 0.006 101.73 ± 0.002 100.58 ± 0.009
F11 35.53 ± 0.003 22 ± 0.003 101.98 ± 0.002 102.67 ± 0.007
F12 33.65 ± 0.004 25 ± 0.004 99.09 ± 0.002 97.35 ± 0.005
F13 38.51 ± 0.005 27  ± 0.004 98.27 ± 0.004 98.82 ± 0.008
F14 36.73 ± 0.002 30 ± 0.001 101.11 ± 0.006 99.46 ± 0.001
F15 31.76 ± 0.001 18 ± 0.003 98.51 ± 0.009 103.73 ± 0.002 
F16 37.41 ± 0.003 18 ± 0.004 103.81 ± 0.004 101.28 ± 0.003
F17 25.20 ± 0.002 25 ± 0.005 100.09 ± 0.002 99.54 ± 0.004
F18 29.60 ± 0.001 22 ± 0.006 101.32 ± 0.007 102.34 ± 0.006
F19 31.20 ± 0.003 24 ± 0.003 97.43 ± 0.005 98.65 ± 0.008
F20 27.00 ± 0.002 21 ± 0.004 99.64 ± 0.009 97.98 ± 0.007
F21 30.44 ± 0.004 23 ± 0.002 98.76 ± 0.008 100.87 ± 0.009 
F22 28.32 ± 0.005 19 ± 0.001 100.54 ± 0.003 102.76 ± 0.005 
F23 26.80 ± 0.003 26 ± 0.002 102.12 ± 0.005 101.54 ± 0.004
F24 29.78 ± 0.004 24 ± 0.003 103.21 ± 0.004 103.65 ± 0.007
F25 26.56 ± 0.001 22 ± 0.001 97.63 ± 0.007 98.32 ± 0.006
F26 30.14 ± 0.002 25 ± 0.004 99.43 ± 0.006 101.54 ± 0.005
F27 28.99 ± 0.006 23 ± 0.002 100.65 ± 0.001 102.76 ± 0.002
F28 32.13 ± 0.005 26 ± 0.005 103.87 ± 0.002 100.01 ± 0.003 
F29 29.87 ± 0.004 24 ± 0.006 98.71 ± 0.003 99.35 ± 0.004
F30 31.35 ± 0.003 20 ± 0.003 101.23 ± 0.004 97.56 ± 0.008
F31 27.92 ± 0.001 21 ± 0.001 99.42 ± 0.009 98.86 ± 0.007
F32 28.50 ± 0.002 25 ± 0.005 100.03 ± 0.007 101.14 ± 0.005

 

4.1.4. Drug(s) Contents 
 

Content uniformity was determined in terms of percentage of contents. Percent contents 

of ketotifen fumarate and salbutamol sulphate were in the range of 97.43-103.87% and 

96.40-103.73%, respectively. Percent contents of both anti-asthmatic drugs are shown in 
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Table 4.2 (Page No.71). All patches showed a uniform distribution of both drugs with 

very low values of standard deviations. The plate casting method mentioned in our study 

was successfully applied to prepare patches with uniform distribution of multiple drugs in 

single transdermal dosage form. 

 
4.2. In vitro Release Study 

 

4.2.1. Drug Release Study of Eudragit RL 100 Patches 
 

Drug release studies of both anti-asthmatic drugs ketotifen fumarate (KF) and salbutamol 

sulphate (SS) combined in single dosage forms were carried out in USP dissolution 

apparatus 5. Dissolution experiments were conducted for 24 hours and samples were 

collected at various time points by automated fraction collector. The collected samples 

were analyzed for quantification of both drugs. Percent amounts of both drugs released 

from transdermal patches F1-F8 were calculated by Microsoft excel 2007 using standard 

calibration curves.  Table 4.3 & Figure 4.1 and Table 4.4 & Figure 4.2 present the 

released amount of ketotifen fumarate and salbutamol sulphate from transdermal patches 

F1-F8, respectively. Formulation F1 showed 53.00% and 50.67% cumulative release of 

ketotifen fumarate and salbutamol sulphate, respectively at the completion of 24 hours 

dissolution study. These lower values of cumulative release of both anti-asthmatic drugs 

can be attributed to the absence of enhancer in formulation F1. Release rate of drugs from 

newly formulated combined anti-asthmatic patches F1 without enhancer are in good 

agreement  with  results  of  study  conducted  by  Gannu  et  al.  (2007).  They  prepared 

eudragit RL 100 patches containing nitrendipine with propylene glycol as plasticizer and 

no permeability enhancer was used in the study. At the end of 24 hours in vitro drug 

release study, the percent cumulative release of nitrendipine was only 57.58% (26). 

However,   other   formulations   containing   various   permeability   enhancers   showed 

relatively  higher  cumulative  release  of  both  drugs.  The  highest  cumulative  releases 

(88.33% of ketotifen fumarate and 88.11% of salbutamol sulphate) were found from F4. 

Formulation F4 contained isopropyl myristate as enhancer. Isopropyl myristate when 

used as enhancer possess high solubilizing capabilities. Transdermal formulations having 

eudragit RL 100 alone as film former showed lesser amounts of drugs released compared 

to  formulations  consisting  of  polymeric  blends.  Presence  of  quaternary  ammonium 
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groups in eudragit RL 100 make the polymer water soluble to some extent. When 

formulation comes in contact with dissolution medium, polymer absorb fluid followed by 

hydration and swelling of patches leading to the release of drug from polymeric device. 

 
Table  4.3:  Percent release of ketotifen fumarate from transdermal patches F1-F8 at 

various time points 
 

 
Tim (h) F 1 F 2 F 3 F 4 F 5 F 6 F 7 F8 

0.0 0.00 ±00 0.00 ±00 0.00 ±00 0.00 ±00 0.00 ±00 0.00 ±00 0.00 ±00 0.00 ±00

0.5 2.67 ±0.7 5.00 ±0.7 5.00 ±0.4 6.00 ±0.2 5.67 ±0.4 2.33 ±0.3 4.67 ±0.4 5.00 ±0.2 

1.0 9.33 ±0.6 8.33 ±1.6 8.33 ±0.3 13.6 ±0.7 10.0 ±0.5 3.87 ±0.8 14.6 ±0.2 8.33 ±0.5 

1.5 13.6 ±0.8 9.50 ±0.2 9.50 ±0.5 19.7 ±0.9 15.3 ±0.6 9.00 ±0.5 21.3 ±0.7 9.50 ±0.3

2.0 15.3 ±0.5 22.0 ±0.6 22.0 ±12 23.7 ±1.0 19.3 ±0.2 11.7 ±0.7 27.0 ±0.6 22.0 ±0.6

3.0 18.3 ±0.1 26.6 ±0.7 26.6 ±0.9 30.0 ±1.3 24.6 ±0.8 16.7 ±0.9 34.3 ±0.9 26.6 ±0.4

4.0 21.0 ±0.4 32.0±0.1 32.0 ±0.8 37.7 ±1.1 31.3 ±0.3 21.0 ±0.6 38.0 ±1.8 32.0 ±0.7

5.0 25.0 ±0.9 44.3 ±0.2 41.3 ±0.6 42.0 ±0.1 36.0 ±0.9 26.3 ±0.5 48.7 ±1.3 44.3 ±1.4 

6.0 29.6 ±1.0 48.6 ±0.6 46.6 ±0.3 49.7 ±0.2 44.0 ±0.5 32.3 ±0.3 58.0 ±0.1 48.7 ±0.5 

8.0 33.3 ±03 54.6 ±0.3 52.6 ±0.4 57.0 ±0.8 47.3 ±0.7 38.0 ±1.4 65.0 ±0.3 54.6 ±1.1

10. 36.3 ±0.2 61.3 ±0.4 59.3 ±0.5 62.0 ±0.3 56.3 ±0.6 44.3 ±0.2 76.0 ±0.4 61.3 ±0.8

12. 40.0 ±0.6 65.3 ±0.8 64.3 ±15 65.0 ±0.7 66.3 ±0.8 51.0 ±0.4 81.0 ±0.5 65.3 ±0.8

14. 45.6 ±0.5 75.3 ±0.5 71.3 ±12 71.0 ±0.5 71.6 ±0.9 54.3 ±0.6 83.3 ±0.2 75.3 ±1.1

16. 50.0±0.9 79.3 ±0.7 78.6 ±0.9 78.0 ±0.4 74.6 ±0.7 57.3 ±0.8 84.7 ±0.7 80.6 ±0.5 

20. 52.6 ±0.3 81.0 ±1.4 81.3 ±0.7 85.7 ±0.6 80.0 ±1.0 58.6 ±1.5 85.7 ±0.5 83.0 ±0.7 

24. 53.0 ±1.2 81.3 ±.09 83.3 ±0.4 88.3 ±0.9 84.6 ±1.7 59.0 ±1.2 85.7 ±0.9 86.6 ±1.2
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Figure 4.1: Release profile of ketotifen fumarate from transdermal patches F1-F8 with 
various permeation enhancers 
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Table 4.4: Percent release of salbutamol sulphate from transdermal patches F1-F8 at 
various time points 

 

 

Time (h) F 1 F 2 F 3 F 4 F 5 F 6 F 7 F 8 

0.00 0.00 ±00 0.00 ±0.0 0.00 ±0.0 0.00 ±00 0.00 ±00 0.00 ±0.7 0.00 ±00 0.00 ±0.0 

0.5 2.44 ±0.9 5.33 ±0.2 6.22 ±0.9 4.44 ±0.7 4.89 ±0.6 2.44 ±0.1 4.67 ±0.2 4.67 ±0.7 

1.0 4.44 ±0.5 8.22 ±0.7 13.3 ±0.8 8.22 ±0.9 9.78 ±0.2 5.56 ±0.8 14.2 ±0.5 10.0 ±0.1 

1.5 6.89 ±0.6 12.4 ±0.4 20.6 ±0.5 14.4 ±0.3 14.6 ±0.1 8.80 ±0.3 21.5 ±0.4 14.2 ±0.9 

2.0 9.56 ±0.3 17.3 ±0.5 27.6 ±0.3 22.2 ±0.8 19.3 ±0.5 11.3 ±0.7 26.4 ±1.0 20.6 ±0.2 

3.0 12.4 ±0.4 22.6 ±0.3 34.2 ±0.4 26.8 ±0.5 28.2 ±1.5 15.3 ±0.4 29.7 ±0.4 24.8 ±0.8 

4.0 16.4 ±0.8 28.6 ±08 41.5 ±0.6 35.1 ±0.6 36.2 ±0.8 20.4 ±0.9 34.2 ±0.5 30.8 ±0.3 

5.0 22.4 ±0.7 33.5 ±1.5 50.1 ±0.2 43.3 ±1.3 44.0 ±0.1 24.0 ±0.5 40.6 ±0.3 36.0 ±0.7 

6.0 27.1 ±0.2 40.0 ±0.1 57.1 ±0.1 48.4 ±0.7 49.7 ±0.3 28.0 ±1.2 48.0 ±0.8 42.4 ±0.4 

8.0 31.1 ±0.4 48.0 ±0.2 64.1 ±1.2 53.5 ±0.2 54.6 ±0.5 33.1 ±0.1 54.6 ±0.7 48.2 ±0.8 

10. 34.8 ±0.1 55.7 ±0.9 71.1 ±0.6 58.8 ±0.4 60.0 ±0.6 38.6 ±0.5 62.2 ±0.6 54.1 ±1.0 

12. 40.2 ±0.3 60.2 ±0.7 78.6 ±0.1 64.2 ±1.0 65.5 ±0.4 44.4 ±0.9 69.1 ±0.8 61.8 ±1.5 

14. 43.7 ±0.5 66.0 ±0.3 81.8 ±0.5 67.7 ±0.8 70.8 ±0.9 49.7 ±0.6 73.6 ±0.5 69.3 ±0.8 

16. 48.8 ±0.4 71.7 ±0.4 82.6 ±1.2 72.0 ±0.7 75.5 ±1.2 54.6 ±0.8 78.2 ±0.9 78.3 ±0.3 

20. 50.0 ±0.8 78.2 ±0.9 83.5 ±0.7 83.1 ±0.1 80.4 ±1.7 59.3 ±0.7 82.5 ±1.1 82.5 ±0.2 

24. 50.6 ±0.7 78.4 ±1.2 84.0 ±0.7 88.1 ±1.1 84.0 ±0.5 60.0 ±1.0 85.0 ±0.8 85.7 ±1.7 
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Figure 4.2: Release profile of salbutamol sulphate from transdermal patches F1-F8 with 
various permeation enhancers 
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4.2.2. Drug Release Study of Eudragit RL 100:Ethyl Cellulose Patches 
 

Formulations F9-F16 having a polymeric combination of eudragit RL 100 and ethyl 

cellulose in 1:1 (w/w) were evaluated for drugs release kinetics for 24 hours. Percent 

release of ketotifen fumarate and salbutamol sulphate from the formulated patches F9- 

F16 having various enhancers and plasticizer are given in Table 4.5 & Figure 4.3 and 

Table 4.6 & Figure 4.4, respectively. 

Formulations F9-F16 showed cumulative release of both anti-asthmatic drugs slightly 

more than the amounts of drugs released from formulations F1-F8. These formulations 

showed slightly higher release rates due to use of polymeric combination in development 

of films. The highest amounts of both drugs were released from patch F12 (92.00% of 

ketotifen fumarate and 91.11% of salbutamol sulphate) in 24 hours. However, patches 

without enhancer (F9) showed a release of 63.00% of ketotifen fumarate and 62.22% of 

salbutamol sulphate in the same time period. The polymeric films prepared by mixing 

eudragits with other polymers or film formers possess a channelized structure with large 

cavity size in polymeric matrix. Larger cavities allow easy absorption of larger volume of 

dissolution fluid thus diffusion rate of drug from polymeric matrix is increased. Release 

rates of both anti-asthmatic drugs from patch formulations F9-F16 correlate well with 

studies conducted by Sathali and Mageshkumar (2013). They prepared transdermal 

patches of nisoldipine using eudragit RL 100 and ethyl cellulose as film formers. 

Cumulative release of nisoldipine was 79.79% at the end of 12 hours. Our formulations 

F9-F16 showed cumulative release in the range of 48.33-87.00% of ketotifen fumarate 

and 52.00-84.44% of salbutamol sulphate at the end of 12 hours release experiments. 

However, the variations in release profiles of transdermal patches F9-F16 were due to use 

of various types of permeability enhancers (204). 
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Table 4.5: Percent release of ketotifen fumarate from transdermal patches F9-F16 at 
various time points 

 
Time (h) F 9 F10 F 11 F 12 F 13 F14 F15 F 16 

0.0 0.00 ±0.5 0.00±00 0.00±00 0.00±00 0.00±00 0.00±00 0.00±00 0.00±00 

0.5 4.67±0.9 6.00±0.6 6.33±0.5 9.00±0.5 8.67±0.1 5.00±0.3 5.33±0.5 8.00±0.8 

1.0 9.33±0.6 8.67±0.3 8.33±0.9 17.0±0.3 15.3±0.3 7.67±0.5 15.3±0.9 13.6±0.3 

1.5 14.0±0.8 10.1±0.1 10.17±0.6 25.0±1.7 19.0±0.9 15.0±0.4 21.6±0.5 17.6±0.5 

2.0 18.6±0.7 23.3±0.7 22.0±0.8 32.6±0.2 23.3±1.3 21.0±0.7 27.6±0.7 23.6±1.0 

3.0 21.3±0.5 28.0±0.2 27.3±0.5 37.6±0.1 32.0±1.0 25.0±1.1 35.3±0.3 31.0±0.1 

4.0 25.0±0.6 34.0±0.5 33.7±0.7 45.0±0.5 40.0±0.2 32.0±0.9 39.6±0.8 38.3±0.4 

5.0 30.0±0.4 45.0±0.8 44.3±0.6 55.0±0.4 48.6±0.3 37.0±0.7 49.6±0.2 47.6±0.5 

6.0 35.3±0.7 50.0±1.1 48.7±0.8 64.0±0.1 57.0±0.6 42.6±0.8 58.6±0.1 56.3±0.7 

8.0 39.0±0.3 56.0±0.6 55.0±0.4 77.3±0.2 65.6±0.4 47.3±0.4 65.6±0.4 65.0±0.6 

10.0 43.6±0.8 63.3±0.7 62.0±1.5 83.0±0.3 74.0±0.7 51.3±0.3 76.3±0.6 75.6±0.9 

12.0 48.3±0.2 69.0±0.4 66.0±0.3 87.0±0.6 78.3±0.5 58.3±0.5 85.0±1.9 82.0±0.2 

14.0 55.0±0.9 75.0±0.3 75.3±0.5 90.0±1.4 82.6±0.8 63.3±0.2 85.6±0.7 83.3±0.3 

16.0 59.3±0.1 80.6±0.5 80.7±0.8 91.6±0.8 83.0±1.1 69.6±1.0 86.0±0.8 84.6±0.7 

20.0 62.6±1.2 82.6±0.8 83.7±0.9 92.0±0.7 84.3±0.9 72.0±1.3 86.3±0.3 86.6±1.5 

24.0 63.0±0.9 83.6±1.4 86.0±0.8 92.0±0.9 85.5±1.7 72.6±0.5 86.3±1.0 87.6±0.8 
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Figure 4.3: Release profile of ketotifen fumarate from transdermal patches F9-F16 with 
various permeation enhancers 
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Table 4.6: Percent release of salbutamol sulphate from transdermal patches F9-F16 at 
various time points 

 
Time (h) F 9 F 10 F 11 F 12 F 13 F 14 F 15 F 16 

0.00 0.00±00 0.00±00 0.00±00 0.00±00 0.00±00 0.00±00 0.00±0 0.00±00 

0.5 4.89±0.9 5.33±0.3 6.67±0.5 5.11±0.3 4.22±0.9 3.11±0.4 5.56±0.1 4.89±0.1 

1.0 8.89±0.8 10.2±0.5 12.8±0.9 11.1±0.9 8.67±0.5 6.67±0.5 13.7±0.6 9.70±0.4 

1.5 12.6±0.5 14.2±1.0 21.6±0.6 15.1±0.8 17.1±0.6 11.8±1.3 21.5±0.5 14.6±1.5 

2.0 16.4±0.7 17.8±0.7 28.2±0.8 21.8±1.3 25.1±0.2 16.0±0.2 26.8±0.4 19.3±0.1 

3.0 21.1±0.4 23.3±0.3 36.9±0.4 29.8±0.5 33.3±0.4 20.4±0.4 35.4±0.3 28.2±0.5 

4.0 25.1±0.6 29.8±0.6 44.9±0.7 37.1±0.5 41.5±0.7 24.6±0.1 42.6±0.7 36.2±0.2 

5.0 30.0±0.3 36.4±0.7 53.3±0.3 45.1±0.6 49.5±0.8 31.1±0.3 46.7±0.8 44.0±0.3 

6.0 36.0±0.5 43.6±0.2 60.4±0.6 58.9±0.4 58.2±0.3 36.0±0.9 52.0±0.4 49.7±0.6 

8.0 41.1±0.2 49.3±0.4 76.7±0.2 63.1±0.7 67.7±0.5 41.5±0.6 60.7±0.2 54.6±0.9 

10.0 46.8±1.0 57.8±0.3 81.3±0.1 73.8±0.3 75.7±0.1 47.1±0.7 67.7±0.1 60.0±0.4 

12.0 52.0±0.8 64.7±0.2 84.4±0.5 83.1±0.8 83.5±1.4 52.4±0.5 75.1±1.6 66.2±0.5 

14.0 57.5±0.4 71.3±0.9 86.4±1.5 89.3±0.3 84.8±0.7 57.7±0.8 81.5±0.8 72.4±0.6 

16.0 61.1±0.1 79.3±0.6 87.3±0.4 90.2±0.2 87.3±0.3 62.4±0.4 83.6±0.5 78.0±0.8 

20.0 62.2±1.0 82.4±0.5 87.6±1.0 90.7±0.5 87.5±0.9 65.3±0.9 85.6±0.7 85.7±0.9 

24.0 62.2±0.8 82.6±0.7 87.8±0.3 91.1±0.9 87.5±1.0 65.5±1.7 85.8±1.9 88.4±1.5 
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Figure 4.4: Release profile of salbutamol sulphate from transdermal patches F9-F16 with 
various permeation enhancers 

 
4.2.3. Drug Release Study of Eudragit RL 100:Polyvinyl Pyrrolidone Patches 

Transdermal formulations F17 to F24 having a polymeric combination of eudragit RL 

100 and polyvinyl pyrrolidone in 1:1 (w/w) prepared and evaluated. Release profiles of 

two drugs ketotifen fumarate and salbutamol sulphate combined in single transdermal 
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patch were determined by conducting dissolution studies. Dissolution studies revealed an 

increase in concentration of both drugs in dissolution medium with elapse of  time. 

Percent amounts of ketotifen fumarate released from transdermal formulation F17-F24 at 

various time points are given in Table 4.7 & Figure 4.5 and percent amounts of 

salbutamol sulphate released are given in Table 4.8 & Figure 4.6. The rate and extent of 

drug release from a transdermal drug delivery system was greatly influenced by 

physicochemical properties of drug, polymers and other excipients used to fabricate the 

system. In present study, both of anti-asthmatic drugs i.e., ketotifen fumarate and 

salbutamol sulphate are water soluble. Out of all newly prepared transdermal 

formulations, formulations F17-F24 consisting of a combination of eudragit RL100 and 

polyvinyl pyrrolidone showed higher amounts of drugs released at sustained rate. Release 

of both drugs was extended up to 24 hours at controlled rate. Highest amounts of both 

drugs (95.67% of ketotifen fumarate and 97.55% of salbutamol sulphate) were released 

from formulation F20 containing isopropyl myristate as permeability enhancer. The 

higher release rates in sustained manner can be attributed to the suitable polymeric 

combination coupled with solubilizing effects of enhancer. Release rates of our 

formulations were also comparable with findings of Anilreddy (2010). He formulated the 

transdermal drug delivery system of metoprolol tartarate using polyvinyl pyrrolidone and 

eudragit as matrix former in equal proportions, 99.0% of the drug was released within 24 

hours (205). The pronounced release rates of both drugs from combined polymeric matrix 

were owned to the presence of suitable proportion of hydrophilic and hydrophobic 

polymers. Mechanism of release of drug from polymeric device was explained by various 

researchers (206-208). Eudragit when combined with other polymers produces polymeric 

films having comparatively larger cavities. Larger channelized cavities are produced by 

irregular arrangements of polymeric molecules. It leads to increase the space among the 

molecules followed by increased uptake of external volume and decreased density of 

polymeric matrix. This phenomenon provides large channels for penetration of 

dissolution medium. Furthermore, presence of polyvinyl pyrrolidone causes leaching and 

formation of porous membranes. Porous patch membrane provides an enlarged area for 

the external solvent to diffuse resulting in rapid release of drug from polymeric matrix. 
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Table 4.7: Percent release of ketotifen fumarate from transdermal patches F17-F24 at 
various time points 

 
Time (h) F 17 F 18 F 19 F 20 F 21 F 22 F 23 F 24 

0.0 0.00±00. 0.00±00 0.00±00 0.00±00 0.00±00 0.00±00 0.00±00 0.00±00 

0.5 5.89±0.7 7.67±0.2 9.67±0.5 9.33±0.9 8.44±0.7 6.33±0.1 8.33±0.3 8.67±0.4 

1.0 9.67±0.8 12.6±0.8 14.2±0.7 16.6±0.4 14.3±0.2 10.7±0.5 13.3±0.4 15.3±1.0 

1.5 14.5±0.6 16.8±0.5 18.3±0.3 25.3±0.7 21.6±0.1 15.6±0.6 16.6±0.5 23.6±0.9 

2.0 18.1±0.3 21.6±1.1 24.6±0.2 30.6±0.3 26.3±0.8 20.3±1.5 21.6±0.7 28.5±0.5 

3.0 22.3±0.8 26.3±0.3 31.3±0.9 39.6±0.9 34.0±0.3 25.0±0.9 28.6±0.9 37.6±0.6 

4.0 29.6±0.2 34.3±0.1 40.3±0.6 50.3±0.6 43.7±0.7 31.6±0.5 37.3±0.8 46.3±0.7 

5.0 36.8±0.9 43.3±0.2 51.3±0.8 60.2±0.4 54.3±0.4 40.3±0.3 50.6±0.4 57.3±0.8 

6.0 43.3±0.1 52.6±0.9 59.6±0.4 69.0±0.2 62.3±0.5 47.3±0.7 59.2±0.6 65.6±1.1 

8.0 54.3±1.4 61.3±0.8 67.6±1.5 78.3±1.8 71.6±1.2 57.3±0.4 68.3±0.3 74.8±0.4 

10. 59.5±0.1 68.3±0.3 74.6±0.3 86.6±0.3 80.3±1.0 63.3±1.0 76.6±0.2 83.6±0.6 

12.0 65.3±0.3 74.3±0.6 80.5±1.0 90.0±0.8 85.3±0.9 69.6±0.2 83.0±1.2 87.3±0.3 

14.0 67.4±0.5 78.4±0.8 82.6±0.1 91.3±1.0 86.6±0.8 74.3±0.1 84.9±0.5 89.3±0.7 

16.0 68.7±0.6 80.6±1.2 84.3±0.5 93.0±0.5 87.6±0.6 75.6±1.4 85.3±0.3 90.3±0.2 

20.0 70.3±1.6 82.3±1.7 85.0±0.9 94.2±0.6 88.3±0.7 76.3±0.6 86.0±0.2 91.0±0.9 

24.0 70.6±1.0 83.67±0.5 87.3±0.7 95.6±0.9 88.67±0.9 77.3±1.5 88.0±1.1 91.6±0.8 
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Figure 4.5: Release profile of ketotifen fumarate from transdermal patches F17-F24 with 
various permeation enhancers 
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Table 4.8: Percent release of salbutamol sulphate from transdermal patches F17-F24 at 
various time points 

 
Time (h) F 17 F 18 F 19 F 20 F 21 F 22 F23 F 24 

0.0 0.00±00 0.00±00 0.00±00 0.00±00 0.00±0. 0.00±00 0.00±00 0.00±00 

0.5 4.89±0.1 4.80±0.7 6.22±0.3 8.22±0.8 7.78±0.5 4.11±0.7 5.56±0.3 7.11±0.1 

1.0 10.4±0.8 12.4±0.8 13.6±0.8 17.1±0.9 14.5±0.9 11.6±0.9 13.7±0.7 14.1±0.6 

1.5 13.5±0.5 16.8±0.6 20.8±0.5 26.2±0.4 22.2±0.7 14.2±0.4 18.5±0.4 25.1±0.9 

2.0 17.7±0.7 22.7±0.5 27.2±1.5 32.6±0.3 28.4±0.3 19.2±0.5 25.8±0.8 31.7±0.1 

3.0 23.5±0.9 29.8±0.9 33.6±0.8 41.7±1.1 36.4±0.8 25.5±0.3 30.4±0.2 40.7±0.5 

4.0 30.4±0.3 36.4±0.1 41.1±1.0 52.7±0.9 45.0±0.4 31.1±0.8 38.6±0.5 49.1±0.3 

5.0 36.4±0.2 45.5±0.5 52.7±0.7 61.2±0.5 55.1±1.7 37.5±0.6 49.7±1.3 58.1±0.7 

6.0 42.2±0.4 53.5±0.3 60.4±0.6 69.1±0.7 62.5±0.9 46.6±1.1 57.0±0.6 65.8±0.9 

8.0 52.8±1.2 62.0±0.4 69.7±0.3 78.0±1.0 71.5±0.7 57.9±0.5 66.7±0.9 75.1±1.5 

10. 59.5±1.0 69.8±0.7 76.5±0.5 85.5±0.1 79.6±0.3 64.8±0.8 74.7±0.1 82.7±0.2 

12. 65.3±0.8 75.8±0.2 82.0±0.7 90.2±0.6 84.3±0.6 69.2±0.6 80.1±0.2 87.1±0.5 

14. 68.4±0.5 77.5±0.9 84.4±0.9 92.4±0.9 87.5±0.5 72.0±0.4 82.5±0.8 89.3±0.6 

16. 70.7±0.7 79.8±0.5 85.9±0.3 93.5±0.7 88.6±0.7 74.5±0.7 84.6±0.1 90.6±0.4 

20. 72.0±0.9 82.8±0.8 87.8±1.1 95.4±0.3 90.7±0.8 76.3±0.9 86.3±1.3 92.8±0.3 

24. 73.3±0.8 84.7±1.3 88.6±1.4 97.5±0.8 92.0±0.6 77.5±1.7 87.0±0.9 94.3±0.7 
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Figure 4.6: Release profile of salbutamol sulphate from transdermal patches F17-F24 
with various permeation enhancers 

 
4.2.4. Drug Release Study of Ethyl Cellulose:Polyvinyl Pyrrolidone Patches 

 

In vitro release studies for patches F25 to F32 were carried out for 12 hours because after 

this time elapse there was no further release of any of two combined drugs. Percent 

release data of ketotifen fumarate and salbutamol sulphate at various time points are 

presented  in  Table  4.9  &  Figure  4.7  and  Table  4.10  &  Figure  4.8,  respectively. 
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Formulations F25 to F32 showed considerable amounts of both combined drugs released 

within 10 to 12 hours. Maximum amounts of both anti-asthmatic drugs were released 

from formulation F28 (96.33% of ketotifen fumarate and 96.67% of salbutamol sulphate). 

However, transdermal formulations F25-F32 were not suitable to sustain the release of 

drugs for prolonged period of time. Rapid release of both drugs from the system was due 

to addition of hydrophilic polymer, polyvinyl pyrrolidone. Polyvinyl pyrrolidone has 

strong co-enhancing properties in aqueous medium and dissolves rapidly in dissolution 

medium. Dissolution of hydrophilic portion of membrane leads to formation of pores in 

ethyl cellulose matrix. The spongy structure of membrane allows fast permeation of 

dissolution medium causing rapid dissolution of surface hydrophilic drugs and higher 

release rates. Release rates of transdermal formulations F24-F32 were similar to work 

carried out by Sharma et al. (2010). They prepared transdermal patches of olanzapine 

using ethyl cellulose and polyvinyl pyrrolidone as film formers. They used soyabean oil, 

olive oil and eucalyptus oil as permeability enhancers. Formulation having olive oil as 

permeability enhancer showed the highest cumulative release (89.50%) of olanzapine after 

completion of 24 hours dissolution study (85). This phenomenon was also explained by 

Ubaidulla et al. (2007). They explained that release of carvedilol was increased on 

addition of hydrophilic polyvinyl pyrrolidone to ethyl cellulose patches. The hydrophilic 

moiety is leached from the patch formulation and leaves behind a channelized structure 

through which water soluble drug is easily diffused (27). 

 
Table 4.9: Percent release of ketotifen fumarate from transdermal patches F25-F32 at 

various time points 

Time (h) F 25 F 26 F 27 F 28 F 29 F 30 F31 F 32 
0.0 0.00±00 0.00±00 0.00±00 0.00±00 0.00±00 0.00±00 0.00±00 0.00±00 

0.5 7.33±0.5 10.3±0.8 9.33±0.4 11.6±0.7 10.3±0.4 8.33±0.5 9.22±0.2 10.6±0.8 

1.0 16.6±0.9 18.6±0.9 20.6±0.1 27.3±0.6 22.5±0.3 17.3±0.9 20.6±0.6 25.0±0.6 

1.5 22.3±0.6 27.3±0.5 30.6±0.9 39.2±0.3 33.4±0.6 25.6±0.6 29.6±0.2 36.8±0.5 

2.0 29.3±0.4 36.3±0.8 39.3±0.2 48.0±0.2 42.6±0.7 32.8±0.3 38.3±0.5 45.5±0.7 

3.0 38.4±0.7 45.6±0.6 51.6±0.7 61.0±0.9 54.3±0.2 41.6±0.8 48.0±0.8 58.6±0.9 

4.0 45.3±0.3 54.0±0.7 60.3±0.5 71.3±0.6 63.7±0.5 48.7±0.5 56.5±0.4 68.7±0.4 

5.0 52.3±0.8 61.3±0.5 68.1±0.6 78.6±0.4 71.3±0.3 55.6±0.7 65.3±0.6 75.3±0.7 

6.0 58.3±0.2 68.3±0.3 75.5±0.3 84.3±0.8 78.6±0.8 62.4±0.4 73.1±0.9 81.4±0.2 

8.0 65.6±0.9 76.1±0.2 82.3±0.8 90.3±0.5 84.7±0.4 70.2±0.6 79.3±0.7 87.6±0.3 

10. 71.3±1.5 84.0±0.4 89.3±1.4 97.0±0.1 91.8±0.9 76.3±0.3 87.1±0.5 93.9±0.5 

12. 74.2±0.9 85.6±0.3 90.0±0.9 96.3±0.9 91.0±0.7 79.0±0.9 87.8±0.8 93.3±0.8 
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Figure 4.7: Release profile of ketotifen fumarate from transdermal patches F25-F32 with 
various permeation enhancers 

 
Table 4.10: Percent release of salbutamol sulphate from transdermal patches F25-F32 at 

various time points 
 

Time (h) F 25 F 26 F 27 F 28 F 29 F 30 F31 F 32 
0.0 0.00±0.0 0.00±00 0.00±00 0.00±00 0.00±00 0.00±00 0.00±00 0.00±00 

0.5 7.44±0.5 8.44±0.8 8.50±0.8 9.11±0.5 9.78±0.1 7.78±0.8 9.89±0.9 10.7±0.7 

1.0 14.8±0.6 17.3±0.6 19.6±0.2 22.1±0.7 20.5±0.7 16.8±1.0 18.7±0.5 21.7±0.4 

1.5 20.1±0.4 26.0±0.7 28.2±0.5 36.3±0.3 30.7±0.5 22.7±0.6 27.6±1.0 32.4±0.1 

2.0 26.4±0.7 31.6±0.5 37.1±0.4 44.6±0.6 38.8±0.9 29.4±0.2 34.6±0.8 41.2±0.9 

3.0 35.4±0.3 42.6±0.3 48.3±0.1 57.3±0.9 51.1±0.3 38.8±0.9 45.6±0.4 53.5±0.6 

4.0 42.1±0.9 50.6±0.7 57.5±0.9 66.6±0.8 60.5±0.4 46.2±0.5 53.6±0.3 64.1±1.5 

5.0 49.2±0.2 58.1±0.6 65.5±0.7 75.3±0.3 68.5±0.8 52.8±0.4 61.5±0.9 71.8±0.6 

6.0 56.7±1.5 66.3±0.9 74.5±0.3 82.3±0.1 76.5±0.2 60.2±0.3 70.3±0.2 78.8±0.3 

8.0 66.8±0.9 75.3±0.8 83.3±0.6 89.6±0.2 85.5±0.6 70.4±0.7 79.0±1.4 87.2±0.2 

10. 76.6±0.6 84.3±0.3 91.1±0.5 96.5±0.9 92.6±0.5 79.7±1.5 87.3±0.9 93.8±0.8 

12. 76.3±0.8 84.3±0.2 91.0±1.2 96.6±0.8 92.0±0.09 80.1±0.9 87.4±0.7 93.6±0.9 
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Figure 4.8: Release profile of salbutamol sulphate from transdermal patches F25-F32 
with various permeation enhancers 

 
4.2.5. Drug Release Kinetics 

 

The percent cumulative amounts of each drug released was further analyzed to evaluate 

the mechanism of drug release from formulated transdermal drug delivery systems. Data 

obtained from dissolution study of fabricated transdermal devices was fitted into different 

kinetic equations like Zero order kinetics, First order kinetics and Higuchi square root 

equation. Coefficients of correlation were calculated for individual drugs and compared 

for release data of each formulation. Goodness of fit test gives idea about the most 

suitable model for drug release data. Results obtained from kinetic study determine the 

mechanism of release of drug followed from formulated transdermal drug delivery 

patches. Results of our study revealed that the release of both drugs ketotifen fumarate 

and salbutamol sulphate from formulations F1, F6, F17 followed Zero order release 

mechanism. Rate constants for different kinetic models for ketotifen fumarate and 

salbutamol sulphate are given in Tables 4.11 and 4.12, respectively. Transdermal patches 

F1 and F17 did not include any permeation enhancer while F6 had castor oil as enhancer 

which imparts slight enhancing effect on release of drugs from system. Release 

mechanism for F6 formulation followed Zero order kinetics. 

All newly formulated transdermal patches except F1, F6 and F17 showed the highest 

linearity for Higuchi kinetic equation. Costa and Lobo (2001) studied the mechanism of 

release of nitrendipine from eudragit RL100 and polyvinyl pyrrolidone blend transdermal 

patches. These patches followed Higuchi model (209). According to Higuchi model, 
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released amount of drug from unit area of system is proportional to square root of time. 

Both of anti-asthmatic drugs ketotifen fumarate and salbutamol sulphate used in this 

study were water soluble. Higuchi model describes the release of hydrophilic drug from 

hydrophobic matrix by diffusion of drug from water insoluble matrix system. Process 

follows the Fick’s law of diffusion (183). Presence of hydrophilic polyvinyl pyrrolidone 

in transdermal patches facilitates release of both drugs combined in a single patch. 

Addition of polyvinyl pyrrolidone to hydrophobic patches enhances diffusion of drugs 

from polymeric matrix. Udhumansha et al. (2007) and Bharkatiya et al. (2010) reported 

that transdermal patches of eudragit, ethyl cellulose and polyvinyl pyrrolidone followed 

Higuchi kinetic equation for water soluble drugs (27, 210). The structure of formulated 

patches remained intact even after completion of release study. This phenomenon also 

supports the assumption that release of drugs from the system was governed by diffusion 

control mechanism. Similarly, Shin and Cho (1996), fabricated eudragit patches 

containing cephalexin and kinetics of release followed Higuchi model (169). 
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Table 4.11: Release kinetics of ketotifen fumarate from prepared transdermal patches 
 

 
Sr. No. 

 
Formulation 

Zero order First order Higuchi 

k0 r2 k1 r2 kH r2 

1 F1 3.185 0.985 0.176 0.567 12.36 0.922
2 F2 5.714 0.932 0.210 0.632 21.79 0.961
3 F3 5.428 0.942 0.200 0.604 20.76 0.977
4 F4 5.396 0.923 0.187 0.546 20.94 0.985
5 F5 5.268 0.968 0.194 0.612 19.88 0.977
6 F6 4.347 0.982 0.221 0.714 16.13 0.958
7 F7 6.757 0.951 0.204 0.565 25.76 0.980
8 F8 5.595 0.935 0.202 0.605 21.42 0.972
9 F9 3.820 0.934 0.177 0.575 14.74 0.986
10 F10 5.822 0.932 0.206 0.619 22.24 0.964
11 F11 5.721 0.935 0.205 0.623 21.83 0.965
12 F12 7.258 0.938 0.192 0.632 27.92 0.983
13 F13 6.921 0.964 0.198 0.583 26.18 0.978
14 F14 4.770 0.929 0.193 0.590 18.4 0.979
15 F15 6.917 0.957 0.202 0.562 26.32 0.982
16 F16 6.990 0.975 0.202 0.601 26.26 0.975
17 F17 5.533 0.972 0.201 0.643 20.76 0.97
18 F18 6.255 0.965 0.198 0.609 23.59 0.972
19 F19 6.773 0.949 0.196 0.577 25.80 0.976
20 F20 7.569 0.928 0.196 0.535 29.24 0,982
21 F21 7.212 0.949 0.199 0.571 27.53 0.979
22 F22 5.858 0.968 0.200 0.623 22.06 0.973
23 F23 6.985 0.956 0.204 0.614 26.36 0.965
24 F24 7.395 0.938 0.198 0.551 28.41 0.981
25 F25 6.118 0.899 0.223 0.521 24.03 0.983
26 F26 7.028 0.890 0.222 0.494 27.72 0.982
27 F27 7.440 0.861 0.227 0.484 29.68 0.971
28 F28 7.702 0.811 0.218 0.434 31.40 0.955
29 F29 7.474 0.841 0.223 0.466 30.08 0.965
30 F30 6.470 0.894 0.222 0.505 25.49 0.983
31 F31 7.248 0.874 0.225 0.488 28.78 0.976
32 F32 7.544 0.817 0.221 0.446 30.66 0.956
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Table 4.12: Release kinetics of salbutamol sulphate from prepared transdermal patches 
 

 
Sr. No. 

 
Formulation 

Zero order First order Higuchi 

k0 r2 k1 r2 kH r2 

1 F1 3.433 0.974 0.207 0.741 12.78 0.957
2 F2 5.087 0.972 0.199 0.645 19.13 0.974
3 F3 6.451 0.937 0.197 0.556 24.84 0.984
4 F4 5.469 0.925 0.204 0.602 21.06 0.972
5 F5 5.587 0.928 0.202 0.603 21.48 0.973
6 F6 3.690 0.978 0.203 0.693 13.81 0.970
7 F7 5.477 0.941 0.189 0.540 21.05 0.985
8 F8 5.020 0.955 0.194 0.601 19.12 0.983
9 F9 4.249 0.962 0.187 0.619 16.14 0.983
10 F10 5.341 0.972 0.198 0.632 20.09 0.975
11 F11 7.310 0.939 0.205 0.570 28.00 0.976
12 F12 7.258 0.938 0.192 0.531 27.92 0.983
13 F13 7.164 0.954 0.220 0.613 27.18 0.972
14 F14 4.405 0.960 0.202 0.644 16.69 0.976
15 F15 6.037 0.930 0.192 0.537 23.36 0.987
16 F16 5.617 0.931 0.203 0.604 21.57 0.973
17 F17 5.508 0.974 0.202 0.639 20.67 0.973
18 F18 6.425 0.958 0.206 0.602 24.38 0.977
19 F19 6.951 0.943 0.203 0.573 26.60 0.979
20 F20 7.521 0.918 0.196 0.523 29.24 0.983
21 F21 7.093 0.937 0.198 0.554 27.28 0.983
22 F22 5.957 0.970 0.208 0.633 22.35 0.968
23 F23 6.802 0.954 0.205 0.591 25.85 0.977
24 F24 7.321 0.922 0.199 0.536 28.38 0.981
25 F25 6.539 0.936 0.232 0.564 25.16 0.982
26 F26 7.126 0.910 0.231 0.526 27.82 0.982
27 F27 7.696 0.888 0.234 0.510 30.32 0.977
28 F28 7.965 0.842 0.230 0.470 32.01 0.963
29 F29 7.724 0.873 0.230 0.494 30.60 0.974
30 F30 6.758 0.925 0.229 0.539 26.19 0.985
31 F31 7.327 0.900 0.227 0.509 28.75 0.982
32 F32 7.766 0.858 0.226 0.478 31.02 0.970

 

 

4.3. General Description of Permeation Study 
 

For transdermal drug delivery systems, site of application is skin membrane but target 

site for drugs is general body circulation for systemic action. In order to reach the 

systemic circulation, drugs have to diffuse through skin membranes. An important 

criterion in developing transdermal drug delivery system is to maximize flux of drug 
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through skin by breaking barriers of skin membranes. Incorporation of chemical 

enhancers to transdermal drug delivery system has proven benefits in increasing 

permeation rate of drug through skin membrane (211, 212). In the present work, effects 

of different permeation enhancers were studied on release and permeation of anti- 

asthmatic drugs dispersed in a single patch. There is a correlation in percutaneous 

absorption of drugs and transepidermal loss of water from prepared skin membrane. 

Transepidermal water loss of prepared rabbit skin was determined by Tewameter and it 

was 5.5 g/m2/h. Values between 5–10 g/m2/h are considered as normal values (Casiraghi 
 

et al., 2002). Pinnagoda et al. (1990) studied various characteristics of prepared 

membranes including transepidermal water loss. They observed values of transepidermal 

water loss in the range of 5–7 g/m2/h which is very close to our finding 5.5 g/m2/h (213, 

214). 
 

 

4.3.1. In vitro Permeation Study of Eudragit RL 100 Patches 
 

Transdermal patches F1-F8 contained only eudragit RL 100 as film former. Each patch 

containing 1500 μg of ketotifen fumarate and 6000 μg of salbutamol sulphate combined 

in same transdermal dosage form per 1.5 cm2 was subjected to permeation studies on 

Franz diffusion cell. Patches were evaluated for in vitro permeation behavior for a time 

period of 24 hours. Permeability profiles of ketotifen fumarate and salbutamol sulphate at 

various time points are given in Table 4.13 & Figure 4.9 and Table 4.14 & Figure 4.10, 

respectively. 
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Table 4.13: Permeation of ketotifen fumarate at various time points (F1-F8) 
 

 
Time (h) 

Cumulative amount (μg/1.5 cm²) of Ketotifen fumarate permeated 

F 1 F 2 F3 F 4 F 5 F6 F 7 F8 
0.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.50 18.03 21.63 43.26 25.24 21.63 18.03 18.03 36.05
1.00 43.82 47.47 98.58 47.47 51.12 45.82 54.77 91.28
1.50 70.26 73.95 151.60 73.95 66.56 72.26 81.35 166.39 
2.00 86.12 104.84 205.94 119.82 93.61 89.12 138.54 224.66
3.00 121.34 155.47 280.59 182.01 140.30 125.34 189.59 303.34
4.00 153.59 211.19 364.78 234.23 188.15 157.59 280.31 376.30 
5.00 190.53 272.19 447.17 311.08 237.19 195.53 381.07 466.61
6.00 228.38 334.70 488.26 381.95 287.45 235.38 472.52 539.45
8.00 279.13 406.73 538.31 482.49 378.81 286.13 566.23 582.17 
10.00 343.23 496.67 593.58 577.43 464.37 363.23 658.19 625.88
12.00 392.55 592.92 654.25 670.61 560.21 398.55 756.48 682.87
14.00 451.35 712.23 737.07 774.34 666.68 458.35 865.44 745.35 
16.00 511.58 826.07 805.10 880.59 792.53 521.58 956.07 805.10
20.00 615.72 929.95 921.45 997.89 912.96 625.72 997.89 934.19
24.00 680.02 989.02 995.47 1057.8 1023.4 697.02 1044.92 1049.2 
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Figure 4.9: Permeation profile of ketotifen fumarate from patches F1-F8 
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Table 4.14: Permeation of salbutamol sulphate at various time points (F1-F8) 
 

Time (h) Cumulative amount (μg/1.5 cm²) of salbutamol sulphate permeated 

F1 F2 F3 F4 F5 F6 F7 F8 
0.00 0.000 0.0000 0.0000 0.0000 0.0000 0.000 0.0000 0.0000
0.50 86.40 105.60 124.80 115.20 115.20 86.40 134.40 172.80 
1.00 174.99 174.99 301.37 223.59 204.15 177.99 311.09 262.48
1.50 305.18 315.03 531.61 374.09 295.34 308.18 502.07 472.54
2.00 428.68 448.61 787.57 498.46 418.71 432.68 757.66 648.00 
3.00 555.25 686.49 1029.73 716.77 575.44 561.25 1039.8 908.58
4.00 695.18 950.76 1277.90 960.98 695.18 699.18 1298.3 1329.0
5.00 828.21 1211.25 1532.18 1345.8 890.32 835.21 1573.5 1604.6 
6.00 985.46 1488.67 1813.67 1677.3 1048.3 989.46 1855.6 1970.9
8.00 1273.9 1772.93 2102.0 2017.1 1273.9 1278.9 2176.3 2314.3
10.0 1612.6 2053.39 2397.41 2483.4 1612.6 1617.6 2483.4 2633.9 
12.00 2068.4 2427.76 2699.93 2830.5 2177.3 2078.4 2787.0 2830.5
14.00 2315.1 2822.30 3031.77 3197.1 2756.1 2325.1 3097.9 3219.1
16.00 2567.7 3181.79 3382.74 3572.5 3684.1 2587.7 3427.4 3628.3 
20.00 2713.3 3549.92 3742.11 3956.9 3956.9 2723.3 3843.8 3911.6
24.00 2747.6 3949.76 4064.25 4235.9 4121.4 2787.6 4144.3 4178.7
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Figure 4.10: Permeation profile of salbutamol sulphate from patches F1-F8 
 
 

Amount of drug permeated per centimeter square per hour is called the flux represented 

by J. Flux of both drugs was also calculated and is given in Table 4.15. 
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Table 4.15: Flux (µg/cm²/h) of ketotifen fumarate and salbutamol sulphate from newly 
fabricated transdermal patches 

 

Formulations Flux=J (µg/cm²/h) 
Ketotifen fumarate Salbutamol sulphate 

F1 17.80 85.123 
F2 27.28 109.64 
F3 23.84 110.13 
F4 37.44 142.31 
F5 26.31 83.081 
F6 20.64 92.009 
F7 32.53 116.45 
F8 25.61 136.08 
F9 19.45 133.01 
F10 29.77 98.14 
F11 35.81 81.70 
F12 34.45 158.87 
F13 27.65 153.22 
F14 18.45 89.544 
F15 32.89 129.46 
F16 22.22 109.18 
F17 27.48 119.37 
F18 40.44 140.91 
F19 46.19 187.65 
F20 51.85 224.45 
F21 37.44 195.59 
F22 25.83 102.46 
F23 43.55 193.52 
F24 50.33 186.67 
F25 22.24 92.44 
F26 25.13 161.27 
F27 34.72 100.25 
F28 51.85 165.63 
F29 36.70 133.70 
F30 25.71 102.08 
F31 37.09 136.75 
F32 39.95 198.09 

 

 

Formulations composed of eudragit RL 100 only (F1-F8) showed comparatively lesser 

amounts of both drugs permeated within 24 hours compared to formulations having blend 

of polymers. Formulations F1 to F8 had eudragit RL 100 as single film former. Eudragit 

has poor water solubility. Penetration of dissolution media into matrix of hydrophobic 
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polymer is poor. Therefore, the permeation of both combined drugs remained lower in 

F1-F8 than rest of patches having various blends of polymers. Among formulations F1- 

F8, highest percent amounts of both drugs permeation (1057.82 µg or 70.52% of 

ketotifen fumarate and 4236 µg or 70.59% of salbutamol sulphate) were observed from 

formulation F4 after completion of 24 hours permeation study. Highest permeation from 

F4 is due to presence of isopropyl myristate as permeability enhancer. Same effects of 

polymers solubilities were observed on results of study conducted by Gannu et al. (2007). 

They prepared different transdermal patches of nitrendipine using eudragit RL 100 alone 

and in combination with hydroxypropyl methylcellulose (26). Formulation having 

eudragit RL 100 alone permeate only 307.90 ± 16.81 µg of drug at end of 24 hours. 

While formulations having combination of eudragit with hydrophilic polymer showed 

higher (2300 ± 39.26 µg) permeation of nitrendipine. Resistance to drug permeation 

through stratum corneum is the major barrier to develop a successful transdermal drug 

delivery system. In order to overcome this problem associated with permeation of drugs, 

chemical permeability enhancers were used in the present studies. Cumulative amounts of 

drugs permeated seemed to vary from patch to patch depending upon the type of 

permeation enhancer used. 

 
4.3.2. In vitro Permeation Study of Eudragit RL 100:Ethyl Cellulose Patches 

Transdermal patches F9-F16 had a polymeric combination of eudragit RL 100 and ethyl 

cellulose  in  1:1  (w/w).  Propylene  glycol  was  used  as  plasticizer  and  a  mixture  of 

chloroform and methanol (1:1) was employed as solvent. Patches were subjected to in 

vitro permeation of anti-asthmatic drugs using Franz diffusion cell. Cumulative amounts 

(μg)  of  both  drugs  permeated  from  1.5  cm²  of  transdermal  patch  were  calculated. 

Amounts  of  ketotifen  fumarate  and  salbutamol  sulphate  permeated  from  F9-F16  at 

various time points are given in Table 4.16 & Figure 4.11 and Table 4.17 & Figure 4.12, 

respectively. 

Further, flux of both drugs was also calculated and is given in Table 4.15 (Page No. 90). 

Transdermal drug delivery system F9-F16 showed slightly larger amounts of drugs 

permeated compared to formulations F1-F8. Formulations F1-F8 contained only 

hydrophobic eudragit RL 100. Highest amounts of both drugs (1264.23 µg or 84.28% of 
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ketotifen fumarate and 5151.86 µg or 85.86% of salbutamol sulphate) were permeated 

from patch F12 containing isopropyl myristate as permeability enhancer. Permeation of 

both combined drugs correlate well with release rates. Higher permeation for both drugs 

was observed for higher release rates and vice versa. Permeation of drug through skin 

membrane is greatly influenced by the rate and extent of drug release from the matrix of 

transdermal drug delivery system. Amount of drug released from transdermal system is 

the concentration of drug available for permeation through stratum corneum. Higher 

amount of drug release provides a saturated condition of drug on skin surface followed by 

higher permeation of drug into systemic circulation. However, patches without enhancer 

(F9) showed lower permeations 770.00 µg or 51.33% of ketotifen fumarate and 3255.60 

µg or 54.26% of salbutamol sulphate. Permeation behavior of both combined drugs from 

F9 having no permeability enhancer shows a good correlation with permeation studies 

carried out by Raju et al. (2010). They prepared the matrix patches of lercanidipine 

hydrochloride using eudragit RL 100 and ethyl cellulose as film formers and permeation 

of drug was only 55.45% at the end of 24 hours (215). 

 
Table 4.16: Permeation profile of ketotifen fumarate at various time points (F9-F16) 

 
 
Time (h) 

Cumulative permeation of ketotifen fumarate (μg/1.5 cm²) patch
F9 F10 F11 F12 F13 F14 F15 F16

0.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.50 18.03 21.63 28.85 29.24 21.63 18.03 25.24 18.03
1.00 51.21 43.82 79.42 81.12 67.82 49.21 54.77 43.82
1.50 115.37 66.56 146.74 150.65 120.86 67.37 81.35 131.65
2.00 270.91 112.33 207.82 210.06 195.12 112.91 127.31 189.82
3.00 385.00 159.26 316.01 321.38 307.30 162.00 178.22 309.47
4.00 491.71 211.19 450.59 452.59 441.15 200.71 230.39 449.67
5.00 607.31 264.41 580.85 578.85 553.19 295.31 287.74 574.97
6.00 668.16 311.08 712.58 711.95 698.45 382.82 342.58 701.32
8.00 761.02 418.69 825.31 831.44 807.81 475.16 458.56 809.90
10.00 767.91 528.98 937.73 965.81 925.56 563.11 585.51 916.10
12.00 770.90 637.90 1078.03 1154.23 1005.53 650.91 711.50 998.73
14.00 768.38 745.35 1091.75 1206.30 1028.52 720.02 828.17 1030.52
16.00 765.88 851.23 1102.65 1223.86 1057.11 737.38 893.17 1063.62
20.00 774.02 934.20 1115.12 1241.99 1080.91 743.88 1019.12 1103.88
24.00 770.00 1032.02 1118.03 1264.23 1081.53 750.02 1096.53 1107.73
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Figure 4.11: Permeation profile of ketotifen fumarate from patches F9-F16 
 
 
 
 

Table 4.17: Permeation profile of salbutamol sulphate at various time points (F9-F16) 
 

 
Time (h) 

Cumulative permeation of salbutamol sulphate (μg/1.5 cm²) patch
F 9 F 10 F 11 F 12 F 13 F 14 F 15 F 16

0.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.50 86.40 96.00 115.20 154.80 127.20 81.40 125.60 121.60 
1.00 194.43 194.43 184.71 452.76 413.32 184.43 393.59 293.59 
1.50 324.87 324.87 424.87 833.94 654.40 380.87 680.13 644.56 
2.00 488.61 458.58 678.52 1318.40 978.52 601.61 961.64 1138.64 
3.00 685.44 656.20 1065.34 1987.44 1326.8 950.44 1357.34 1765.34 
4.00 975.62 889.42 1536.07 2442.76 1801.8 1215.6 1797.41 2297.41 
5.00 1228.91 1066.32 2091.38 2745.84 2263.0 1548.9 2135.26 2835.26 
6.00 1616.91 1205.62 2613.78 3035.45 2898.3 2016.9 2679.00 3369.00 
8.00 2218.61 1592.45 3273.96 3729.43 3244.5 2498.6 3151.69 3871.69 

10.00 2650.14 1881.37 3812.61 4419.93 3892.9 2850.1 3550.14 4350.14 
12.00 3117.60 2188.25 4265.95 5021.86 4439.4 3065.6 3878.15 4708.41 
14.00 3168.15 2756.15 4385.41 5067.78 4473.8 3106.1 3940.46 4740.46 
16.00 3175.68 3349.25 4397.96 5088.38 4505.8 3120.6 4273.96 4773.96 
20.00 3192.48 3900.39 4400.81 5105.30 4542.5 3137.4 4458.67 4793.67 
24.00 3255.60 4350.46 4434.95 5151.86 4579.4 3140.6 4608.41 4801.41 
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Figure 4.12: Permeation profile of salbutamol sulphate from patches F9-F16 
 

4.3.3. In vitro Permeation Study of Eudragit RL 100:Polyvinyl Pyrrolidone Patches 

Transdermal drug delivery systems F17-F24 contained a polymeric blend of hydrophobic 

(eudragit RL 100) and hydrophilic (polyvinyl pyrrolidone) polymers. Propylene glycol 

was employed as plasticizer. A series of various permeability enhancers were used to 

enhance  the  permeations  of  ketotifen  fumarate  and  salbutamol  sulphate.  Mixture  of 

chloroform and methanol 1:1 (w/w) was used as solvent. In vitro permeation profile of 

fabricated  patches  was  evaluated  through  excised  rabbit  skin  membrane  on  Franz 

diffusion cell for 48 hours. Cumulative amounts of drugs permeated (µg) through rabbit 

skin membrane were calculated and are presented in Table 4.18 & Figure 4.13 and Table 

4.19 & Figure 4.14 for ketotifen fumarate and salbutamol sulphate, respectively. Flux 

(amount of drug permeated per centimeter square of patch size per hour) of both drugs 

was calculated from the permeated amounts of drugs and are listed in Table 4.15 (Page 

No. 90). 

Formulations F17-F24 showed a promising capability for simultaneous sustained 

administration of both anti-asthmatic drugs ketotifen fumarate and salbutamol sulphate. 

During in vitro study these formulations showed significant permeation of drugs 

sustained for a prolonged period of time up to 48 hours. Highest amounts of both drugs 

(1309.67 µg or 87.31% of ketotifen fumarate and 4930.90 µg or 82.18% of salbutamol 

sulphate) were permeated from patch F20. The sustained release of both anti-asthmatic 

drugs may be attributed to appropriate combination of hydrophilic and hydrophobic 

polymers. Addition of polyvinyl pyrrolidone increases solubility of patches on hydrated 
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skin membrane resulting in increased release of drugs from patches. Higher amounts of 

drugs released lead to higher amounts available on surface of skin membrane followed by 

higher permeation and increased flux of both drugs. Further, polyvinyl pyrrolidone acts 

as anti-nucleating agent which retains both drugs in their amorphous state and increases 

the solubility of drugs significantly. When solubilities of drugs are increased, the drugs 

are more rapidly released from the polymeric matrix. Thus, it provides large amounts of 

drugs available at surface of skin available for permeation. Improvement in solubility 

also increases thermodynamic activity of drugs leading to enhanced permeation of drugs 

through skin membrane. Results of new polymeric blend transdermal formulations are in 

good agreement with findings by Aqil and Asgar (2002). They developed pinacidil 

monohydrate transdermal patches using a polymeric combination of eudragit RL 100 and 

polyvinyl pyrrolidone. The results of their study revealed that 92.18% of drug was 

released and sustained up to 48 hours with a permeability coefficient of 0.0183 cm/h 

(216). 

 
Table 4.18: Permeation of ketotifen fumarate at various time points (F17-F24) 

 
 
Time (h) 

Cumulative permeation of ketotifen fumarate (μg/1.5 cm²) patch
F17 F18 F19 F 20 F 21 F22 F 23 F24

0.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.50 21.63 32.45 41.47 67.79 61.30 28.85 68.51 61.30
1.00 83.98 118.67 124.15 146.06 164.31 76.68 146.06 109.54
1.50 179.34 251.44 269.93 281.02 295.81 138.29 277.32 266.23
2.00 286.08 368.83 370.70 396.91 374.44 244.51 355.72 337.00
3.00 390.56 485.35 496.73 511.90 568.78 376.15 496.73 481.56
4.00 479.98 602.85 614.37 645.09 710.37 437.74 625.89 602.85
5.00 544.38 723.25 738.80 734.91 816.57 505.50 738.80 680.48
6.00 653.65 846.60 878.10 905.66 905.66 606.40 826.91 826.91
8.00 701.80 953.01 1008.84 1052.70 996.88 657.94 957.00 996.88
10.00 730.87 977.19 1053.91 1142.75 1049.87 686.46 1045.84 1090.25
12.00 756.48 1003.18 1075.43 1169.48 1063.16 703.32 1095.88 1144.95
14.00 766.06 1011.49 1085.19 1196.71 1080.76 716.37 1113.89 1200.85
16.00 779.95 1020.90 1097.02 1228.63 1098.64 729.63 1132.18 1216.05
20.00 794.07 1032.82 1108.19 1252.67 1116.79 747.36 1150.76 1231.44
24.00 804.12 1045.83 1113.83 1272.83 1135.23 756.82 1169.63 1238.43
36.00 818.65 1053.11 1120.66 1293.30 1153.95 753.33 1188.79 1241.04
48.00 833.42 1061.69 1125.79 1309.67 1172.97 754.05 1208.24 1243.52
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Figure 4.13: Permeation profile of ketotifen fumarate from patches F17-F24 
 
 
 
 

Table 4.19: Permeation of salbutamol sulphate at various time points (F17-F24) 
 

 
Time(h 

Cumulative permeation of salbutamol sulphate (μg/1.5 cm²) patch 
F17 F18 F19 F20 F 21 F22 F23 F24 

0.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.50 124.80 144.00 144.00 192.00 153.60 105.60 182.40 144.00 
1.00 466.63 612.46 486.08 515.24 495.80 398.58 544.41 476.35 
1.50 738.34 945.08 886.01 836.79 797.41 639.90 836.79 767.88 
2.00 1146.4 1395.6 1196.3 1196.3 1096.6 1046.7 1146.4 1046.7 
3.00 1514.3 1817.1 1615.2 1675.8 1564.7 1413.3 1665.7 1494.1 
4.00 1942.4 2351.3 1993.5 2249.1 2013.9 1635.7 2146.8 1860.6 
5.00 2174.0 2795.2 2381.0 2691.6 2484.6 1966.9 2639.9 2318.9 
6.00 2516.0 3040.2 2830.5 3249.9 2935.4 2201.5 3092.6 2799.1 
8.00 2866.4 3397.2 3503.3 3928.0 3609.5 2441.7 3715.7 3407.8 
10.00 3010.2 3655.2 3870.2 4461.5 3934.7 2687.6 4031.5 3830.5 
12.00 3157.1 3810.3 4136.9 4728.4 4158.7 2830.5 4224.0 4195.4 
14.00 3219.1 3968.8 4266.5 4801.8 4387.7 2866.4 4387.7 4334.2 
16.00 3271.1 4019.1 4354.0 4860.0 4432.1 2880.3 4454.5 4656.3 
20.00 3323.8 4126.5 4409.1 4906.5 4499.5 2916.8 4635.2 4722.1 
24.00 3377.3 4235.9 4464.9 4911.4 4567.9 2965.1 4650.4 4796.9 
36.00 3396.9 4243.2 4509.8 4915.6 4579.4 3002.7 4652.4 4800.8 
48.00 3404.6 4238.2 4520.0 4930.9 4579.8 3005.5 4655.0 4801.7 
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Figure 4.14: Permeation profile of salbutamol sulphate from patches F17-F24 
 

4.3.4. In vitro Permeation Study of Ethyl Cellulose:Polyvinyl Pyrrolidone Patches 

Transdermal drug delivery system F25-F32 had a polymeric combination of polyvinyl 

pyrrolidone and ethyl cellulose 1:1 (w/w). Propylene glycol was used as plasticizer. 

Various permeation enhancers were used to enhance the permeation of anti-asthmatic 

drugs. Permeation study of formulated patches was carried out on Franz diffusion cell 

through rabbit skin membrane. Permeated amount of drug was calculated in µg. Amounts 

of ketotifen fumarate and salbutamol sulphate permeated at various time points tabulated 

and plotted in Table 4.20 & Figure 4.15 and Table 4.21 & Figure 4.16, respectively for 

formulations F25-F32. Flux for both the drugs was also calculated and is given in Table 

4.15 (Page No. 90). Formulations F25-F32 showed significant amounts of both drugs 

permeated within 24 hours. F28 showed the highest amounts (1272.83 µg or 84.85% of 

ketotifen fumarate and 5043.10 µg or 84.05% of salbutamol sulphate) of both anti- 

asthmatic drugs permeated in 24 hours. However, formulation F25 without permeability 

enhancer  showed  a  permeation  of  752.52  µg  or  50.16%  of  ketotifen  fumarate  and 

3068.22 µg or 51.13% of salbutamol sulphate. Permeation profiles of transdermal 

formulations are comparable with permeation results observed by Subhash and coworkers 

(2012). They evaluated transdermal patches of lercanidipine hydrochloride using a blend 

of ethyl cellulose and polyvinyl pyrrolidone as film formers. The percent cumulative 

permeation of lercanidipine hydrochloride was 84.84 ± 1.64% at the end of 24 hours 

study (217). 
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Formulations F25-F32 did not show sustained permeation of drugs for extended period of 

time as compared to formulations F17-F24. Rapid release of ketotifen fumarate and 

salbutamol sulphate was due to addition of hydrophilic polymer polyvinyl pyrrolidone. 

PVP increases the rate of release of both drugs. Addition of permeability enhancer 

increases permeations of both drugs through rabbit skin membrane. 

 
Table 4.20: Permeation of ketotifen fumarate at various time points (F24-F32) 

 
 
Time (h) 

Cumulative permeation of ketotifen fumarate (μg/1.5 cm²) patch
F25 F26 F27 F 28 F 29 F30 F 31 F32

0.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.50 18.03 32.45 41.47 67.79 50.48 27.40 55.89 64.54 
1.00 76.68 82.16 160.66 146.06 167.96 73.03 164.31 131.45 
1.50 173.79 177.49 269.93 281.02 258.83 133.11 258.83 269.93 
2.00 256.12 262.11 337.00 396.91 337.00 224.67 344.49 374.44 
3.00 352.64 348.85 455.02 511.90 455.02 314.72 462.60 489.15 
4.00 430.06 441.58 537.58 645.09 556.78 376.30 575.98 622.05 
5.00 486.05 493.83 622.15 714.91 641.59 474.39 661.03 711.58 
6.00 539.46 547.33 708.78 835.66 720.59 543.40 748.16 846.60 
8.00 594.14 610.09 797.50 970.70 837.38 590.15 857.31 933.08 

10.00 638.00 678.38 888.36 1053.75 912.58 633.96 928.74 989.30 
12.00 674.70 740.13 940.49 1129.48 960.94 654.25 973.20 1083.61 
14.00 703.94 807.47 973.10 1176.71 1010.37 683.24 1031.07 1138.73 
16.00 721.24 876.39 1006.38 1208.63 1048.32 712.86 1048.32 1174.12 
20.00 734.62 968.17 1040.36 1252.67 1104.05 730.37 1104.05 1227.19 
24.00 752.52 1023.42 1083.62 1272.83 1118.03 735.32 1139.53 1225.53 
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Figure 4.15: Permeation profile of ketotifen fumarate from patches F25-F32 
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Table 4.21: Permeation of salbutamol sulphate at various time points (F25-F32) 
 

 
Time (h) 

Cumulative amount (μg/1.5 cm²) of salbutamol sulphate permeated
F25 F26 F27 F28 F 29 F30 F31 F32

0.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.50 124.80 163.20 153.60 163.20 153.60 192.00 163.20 172.80 
1.00 447.19 486.08 466.63 544.41 486.08 437.47 505.52 583.29 
1.50 698.96 748.19 689.12 876.17 708.81 689.12 728.50 787.57 
2.00 897.23 897.23 897.23 1196.30 947.07 797.54 967.01 1146.46 
3.00 1211.45 1312.40 1312.40 1696.02 1362.88 1009.54 1413.35 1473.93 
4.00 1431.24 1737.94 1635.71 2044.63 1656.15 1226.78 1758.39 1758.39 
5.00 1656.41 2174.04 1759.94 2588.15 1915.23 1449.36 2018.75 2029.11 
6.00 1887.05 2516.07 2044.31 3040.25 2201.56 1677.38 2306.40 2421.72 
8.00 2123.27 2972.57 2335.59 3662.63 2654.08 2017.10 2760.25 3078.74 

10.00 2365.16 3332.72 2580.17 4085.27 3010.20 2257.65 3117.71 3440.23 
12.00 2503.96 3592.64 2939.44 4354.72 3320.47 2503.96 3483.78 3919.25 
14.00 2667.95 3748.37 3307.38 4610.33 3638.12 2645.91 3748.37 4189.35 
16.00 2824.53 3907.46 3572.53 4688.95 3907.46 2791.04 4019.10 4577.30 
20.00 3007.26 4126.50 4183.03 5016.58 4296.08 2882.90 4296.08 4861.35 
24.00 3068.22 4155.84 4350.46 5043.10 4464.95 2965.18 4500.44 4865.65 
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Figure 4.16: Permeation profile of salbutamol sulphate from patches F25-32 
 
 

4.3.5. Effect of Permeation Enhancers on Permeation of Anti-asthmatic Drugs 

Transdermal patches having no permeation enhancer (F1, F9, F17 and F25) showed 

comparatively lesser amounts of both drugs permeated simultaneously in comparison to 

patches having permeation enhancers. The slight release of drugs from F1, F9, F17 and 

F25 are due to presence of propylene glycol. Among formulations containing propylene 
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glycol, highest amounts of both anti-asthmatic drugs (55.56% of ketotifen fumarate and 

56.74% of salbutamol sulphate) were permeated from formulation F17 in 48 hours. F17 

contained a combination of hydrophilic (polyvinyl pyrrolidone) and hydrophobic 

(eudragit RL 100) polymers in equal proportion. Basically, propylene glycol does not 

have enhancing effect. It does not produce any alteration in physiological structure of 

skin. However, propylene glycol may increase permeation of several drugs based on its 

ability to increase solubility of drugs at skin surface. Results of formulations containing 

propylene glycol are comparable with findings of study conducted by Rajabalaya et al. 

(2008). They prepared diclofenac potassium patches using ethyl cellulose and polyvinyl 

pyrrolidone as film formers. Propylene glycol and dibutyl phthalate were added as 

plasticizers. Cumulative permeation of diclofenac potassium containing propylene glycol 

was 60.70% in 24 hours (218). 

Fabricated transdermal drug delivery system F2, F10, F18 and F26 had Tween 20 (poly- 

oxyethylene sorbitan monolaurate) as permeation promoter. During in vitro permeation 

experiments, sufficient amounts of salbutamol sulphate and ketotifen fumarate were 

permeated through rabbit skin membrane. Tween 20 is a nonionic surfactant used to 

enhance the permeability of drug though stratum corneum. The permeation promoting 

activity of non-ionic surfactants (Tweens) may be due to reduction in surface tension, 

improvement in wetting of skin and enhanced distribution of drug in matrix patch (139). 

Tween 20 increases partioning of polar molecules across the barrier more easily. Non- 

ionic surfactants in aqueous media lead to form large micelles. These micelles have the 

potential to remove lipid molecules from skin membrane rendering skin more porous and 

favorable for permeation of hydrophilic drug. Similar permeation enhancing effect of 

Tween 20 was observed in a study conducted by Alsarra et al. (2004). There was a 4 fold 

increase in flux of ketorolac from patches containing Tween 20 as permeation enhancer 

(219). 

Transdermal patches F3, F11, F19 and F27 had Tween 80 (polyoxy-ethylene sorbitan 

monooleate) as permeation enhancer. Permeation experiments revealed that amounts of 

drugs permeated were substantially higher than the formulations without permeation 

enhancers. Tween 80 is an ester of the unsaturated C18 fatty acid. (220) Barry (2001) 

elaborated the permeation enhancing mechanism of Tween 80. It enhances permeation of 
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drugs by penetrating into intracellular lipid of stratum corneum and promotes the fluidity 

followed  by  dissolving  and  extracting  lipid  molecules.  Tween  80  can  interrupt 

corneocytes by interacting and forming of bonds with keratin filaments. Presence of 

ethylene  oxide  enables  Tween  80  to  enhance  permeation  of  drugs,  simultaneously 

through hydrophilic protein domain and lipophilic motor part of skin membrane. 

Transdermal formulations F4, F12, F20 and F28 had isopropyl myristate as permeation 

enhancer.  Among  respective  polymeric  combinations,  formulations  having  isopropyl 

myristate  showed  the  highest  amounts  of  both  drugs  permeated  simultaneously.  F4 

showed 70.52% of ketotifen fumarate and 70.59% of salbutamol sulphate permeated 

from  rabbit  skin  after  completion  of  24  hours  permeation  study.  The  cumulative 

permeation of ketotifen fumarate and salbutamol sulphate from F12 was 84.28% and 

85.86%, respectively in 24 hours permeation study using Franz diffusion cell. On the 

other hand, F20 showed a cumulative permeation of 87.31% of ketotifen fumarate and 

82.18% of salbutamol  sulphate in 48 hours.  Formulation F28 permeated 84.85% of 

ketotifen fumarate and 84.05% of salbutamol sulphate in 24 hours. Variations in amounts 

of drugs permeation are due to combination of polymers. Among various types of patches 

prepared and evaluated in this study, F20 showed the superior behavior in terms of 

cumulative permeation of both anti-asthmatic drugs. This desired behavior of F20 may be 

attributed  to  the  use  of  an  optimized  combination  of  hydrophilic  and  hydrophobic 

polymers and pronounced enhancing effect of isopropyl myristate. Formulation F20 also 

showed  the  highest  values  of  flux.  Isopropyl  myristate  is  an  ester  type  enhancer. 

Isopropyl  myristate  interact  more  easily  with  lipid  portion  of  stratum  corneum  and 

modifies reversibly the structure of stratum corneum of skin. Thus, permeability of drugs 

from  transdermal  patches  is  increased.  Similar  permeability  enhancing  effects  of 

isopropyl  myristate  have  been  reported  by  Panigrahi et  al.  (2005).  They  prepared 

transdermal patches of terbutaline sulphate (84). The formulation containing isopropyl 

myristate showed an increase in permeation of drug up to 63.57 µg/cm2/h. However, the 
 

controlled formulation having no enhancer showed only 55.19 µg/cm2/h drug permeation. 

Permeation enhancing effect can be explained by the fact that the solubility parameter of 

isopropyl myristate (16.40MPa1/2) is similar to that of skin (20.01MPa1/2) which leads 

to high affinity of isopropyl myristate for stratum corneum. The high affinity of isopropyl 
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myristate for stratum corneum results in formation of a pool that drives the drugs 

eventually into the stratum corneum. Thereby, it reduces the stratum corneum barrier 

function. Boiling point of enhancer also affects the ability of enhancer to promote 

permeation of drugs through skin. Chemical enhancers with low boiling points favor the 

permeation of drugs. Further, transitional polar nature of isopropyl myristate also 

supports its enhancing properties. It may be partitioned suitably among the non-polar 

lipid phase and polar phase of skin like proteins. Based on the results of present 

investigations, isopropyl myristate is the best enhancer for promoting permeation of 

drugs through skin membrane from transdermal drug delivery system. 

Transdermal patches F5, F13, F21 and F29 had eucalyptus oil as permeation enhancer. 

Results of in vitro permeation studies revealed that substantial amounts of both drugs 

were permeated from these formulations compared to formulations without permeation 

enhancer. Highest permeation of both anti-asthmatic drugs (1172.97 µg or 78.19% of 

ketotifen fumarate and 4579.87 µg or 76.33% of salbutamol sulphate) was observed from 

F21. This formulation consisted of a combination of eudragit RL 100 and polyvinyl 

pyrrolidone in equal proportion. Findings of this study suggest that not only type of 

enhancer but also selection of appropriate combination of polymers determine the 

performance of transdermal drug delivery system. It means permeation of drugs through 

skin membranes can be optimized in terms of sustained and extended release by utilizing 

suitable combinations of polymers and enhancers. 

The major component of eucalyptus oil is eucalyptol, a 1,3,3-trimethyl-2-oxabicyclo 

[2,2,2]-octane. The penetration enhancing effect of eucalyptus oil is primarily believed to 

be due to promotion of membrane vehicle partitioning tendency of drug with oils. 

Penetration of vegetable oil into intracellular lipid phase of membrane may increase the 

degree of fluidity resulting in decreased resistance to permeation. Eventually, eucalyptus 

oil increases flux of drugs. Similar findings were reported in a previous study conducted 

by Sharma et al. (2010). They prepared and evaluated transdermal patches of olanzapine. 

Results of their study showed that eucalyptus oil significantly increase the permeation of 

drug. Formulation with eucalyptus oil permeated 614.3μg/cm2  of drug in comparison to 

formulation without enhancer which showed a permeation of drug only188.5μg/cm2 (85). 



Chapter 4

103

 

 

 
 

Transdermal formulations F6, F14, F22 and F30 had castor oil as permeation enhancer. 

Ex-vivo evaluations of these formulations indicate that small amounts of both drugs were 

permeated. Formulation F22 with optimized polymeric combination showed only 50.27% 

of ketotifen fumarate and 50.09% of salbutamol sulphate permeated during a period of 48 

hours. Castor oil was found to impart a slight permeation promoting action. The slight 

permeation enhancing effect is due to reduction of surface tension followed by wetting of 

skin and improvement in distribution of drugs. This phenomenon ultimately leads to 

enhance some permeation of drugs through skin membrane. 

Patches F7, F15, F23 and F31 had Span 20 (Sorbitan Monolaurate) to enhance 

permeation of ketotifen fumarate and salbutamol sulphate, simultaneously. Ex-vivo 

permeation studies revealed that considerable amounts of both drugs were permeated 

through prepared rabbit skin membrane. Formulation F23 having a suitable polymeric 

combination showed a permeation of 1208.24 µg (80.54%) of ketotifen fumarate and 

4655.01 µg (77.58%) of salbutamol sulphate. Lopez et al. (2000) compared the 

permeation enhancing effects of Span 20, Tween 20 and azone on different drugs. Span 

20 imparts valuable effect on the permeation of 5-flurouracil. Addition of 5% Span 20 

improved the permeation of more than Tween 20 (82). Florence et al. (1984) and Walters 

et al. (1988) explained the possible phenomenon of permeation enhancement of drugs 

through skin. Span 20 acts by increasing membrane vehicle partitioning tendency of 

drugs. Breaching of surfactant into intracellular lipid of membranes raises fluidity which 

leads to reduce the resistance to permeation of drugs. Solvent-drug effect is another 

important step considered to enhance the permeation of drugs. Span 20 is believed to 

increase the partioning of drugs into solvent very rapidly resulting in formation of small 

drug-polyion complex of about 3 µm. Polyion complex is pushed by solvent into 

systemic circulation by appendages. Gradient in chemical potential is responsible to push 

these complexes through various membrane of skin (221, 222). 

In vitro permeation evaluations of formulation F8, F16, F24 and F32 revealed that 

significant cumulative amounts of both anti-asthmatic drugs were permeated from 

transdermal patches. These formulations contained Span 80 to enhance permeation of 

drugs.  Formulation  F24  permeated  1243.52  µg  (82.90%)  of  ketotifen  fumarate  and 

4801.76 µg (98.02%) of salbutamol sulphate. Span 80 was more effective than Tween 80 
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in increasing solubility of drugs. Hydrophobic surfactant Span 80 enhances permeation of 

drugs due to changes in barrier properties of skin and in the vehicle-stratum corneum 

partition coefficient. 

 
4.4. In vivo Evaluations of Transdermal Patches 

 

The newly developed transdermal therapeutic system of combined anti-asthmatic drugs 

showed a promising in vitro performance. Formulations showing excellent 

physicochemical characterization, in vitro drug release studies and in vitro permeation of 

drugs through rabbit skin membrane were considered as optimized formulations. 

Formulation F20 consisting of eudragit RL 100 and polyvinyl pyrrolidone 1:1 (w/w) as 

film formers, isopropyl myristate as permeation enhancer and chloroform, methanol 1:1 

(v/v) as solvent system were considered as optimized formulations. Optimized 

transdermal patches having 1 mg of ketotifen fumarate and 2 mg of salbutamol sulphate 

in 1.5 cm² of patch were subjected for in vivo studies. The above mentioned 

concentrations of both anti-asthmatic drugs were used to compare the performance of 

optimized transdermal patches with equivalent strengths of commercially available oral 

tablet dosage forms of individual drugs. In vivo studies included skin irritation test, in 

vivo drug release, in vivo drug permeation study, pharmacokinetic evaluation of 

developed patches and comparative performance of transdermal system with marketed 

oral dosage form containing equivalent amounts of both drugs. 

 
4.4.1. Skin Irritation Test 

 

In order to evaluate the presence or absence of hazard of irritation, skin irritation test was 

performed on human volunteers. Entire procedure for study was approved by Pharmacy 

Research Ethics Committee. Only optimized transdermal patches (F20) were applied to 

ten healthy human volunteers to analyze irritation study in vivo. Fabricated transdermal 

patches were stuck directly on the inner arm surface of human skin. There may be chance 

of skin irritation at the site of patch application. Skin irritation was evaluated by 

measuring erythema values with Mexameter before and after the application of 

transdermal patches. The applied patches were removed after 8 hours and readings of 

erythema were taken again from the same site. Obtained data was compared by t-test by 

keeping the confidence of interval 95%. Data analysis gives p value 0.0530 which is 
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greater than 0.05. Since p value is greater than 0.05, therefore difference in erythema 

values before and after the application of patches is negligible. There was no sign of 

erythema during and after study period up to eight hours. Figure 4.17 contains erythema 

values taken before and after the application of patches. 
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Figure 4.17: Erythema levels of skin before and after application of transdermal patches 
 

4.4.2. Iv-vivo Drug Release Study 
 

In vivo drug release study of optimized formulations (F20) and formulations without 

enhancer (F1) was carried out on a set of four healthy rabbits. In order to evaluate the in 

vivo release of drugs, an indirect method was used. Amounts of both drugs remained in 

patches at different time points were determined. Table 4.22 presents the remaining 

amounts of ketotifen fumarate and salbutamol sulphate in patches up to 48 hours and 

shown graphically in Figures 4.18 & 4.19 for formulations F1 and F20. Percent amounts 

of ketotifen fumarate and salbutamol sulphate released from patches F1 and F20 during 

in vivo study up to 48 hours are given in Table 4.23 and graphically presented in Figures 

4.20 & 4.21, respectively. 
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Table 4.22: Remaining % age of ketotifen fumarate and salbutamol sulphate at various 
time points in formulations F1 and F20 

 

Time (h) Ketotifen fumarate Salbutamol sulphate
F1 F20 F1 F20

0 100.0 100.0 100.0 100.0
1 95.87 91.87 93.74 92.56
6 87.69 78.23 85.58 77.34
12 81.54 65.56 82.43 64.67
18 73.89 54.67 75.64 53.78
24 67.43 48.34 66.90 48.45
36 61.98 34.76 60.08 35.10
48 55.87 25.08 56.11 24.98
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Figure 4.18: Remaining quantities of ketotifen fumarate in patches with and without 
enhancer at various time points 
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Figure 4.19: Remaining quantities of salbutamol sulphate in patches with and without 
enhancer at various time points 
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Table 4.23: In vivo percentage released of ketotifen fumarate and salbutamol sulphate at 
various time points from F1 and F20 

 

Time (h) Ketotifen fumarate Salbutamol sulphate
F1 F20 F20 F1

0 0.000 0.000 0.000 0.000
1 4.130 8.120 7.432 6.252
6 12.31 21.76 22.65 14.42
12 18.46 34.40 35.33 17.56
18 26.10 45.32 46.21 24.35
24 32.56 51.65 51.55 33.09
36 38.01 65.24 64.89 39.91
48 44.12 74.91 75.02 43.88
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Figure 4.20: In vivo release (%) of ketotifen fumarate from patches with and without 
enhancer at various time points 
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Figure 4.21: In vivo release (%) of salbutamol sulphate from patches with and without 
enhancer at various time points 
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Optimized formulation (F20) showed a cumulative release of 74.91% of ketotifen 

fumarate and 75.02% of salbutamol sulphate at the end of 48 hours. However, cumulative 

release of ketotifen fumarate and salbutamol sulphate was reduced to 44.12 % and 

43.88%, respectively from F1 patches. Results of in vivo permeation study are 

comparable with study conducted by Jayaprakash et al. (2010). They studied the in vivo 

release of celecoxib from transdermal patches using rabbits. Percent release of drug at the 

end of 24 hours release experiments was 80.20%. Release of drug from their formulation 

was slightly higher than our optimized formulation (F20) (77). It sustained up to 24 

hours. Higher release rates of celecoxib can be attributed to the use of a combination of 

hydrophilic polymers (polyvinyl pyrrolidone and hydroxypropyl methylcellulose). 

However, our newly developed optimized transdermal formulation sustained the release 

of both hydrophilic drugs, simultaneously up to 48 hours. The extended release property 

of optimized transdermal formulation can be explained on the presence of hydrophobic 

eudragit RL 100. Presence of hydrophobic polymer restricts rapid release of hydrophilic 

drugs from transdermal patches and sustained the release of both drugs up to extended 

period of time. 

Presence of polyvinyl pyrrolidone played an important role in increasing in vivo release 

rates of drugs. It decreases crystallinity of drugs in the patches, consequently increasing 

the solubility of drugs followed by increased release rate of drugs. There was a sustained 

release of both drugs maintained over an extended period of time. Sustained transdermal 

release of both anti-asthmatic drugs can be achieved by applying suitable combinations of 

hydrophilic and hydrophobic polymers. 

Transdermal patches containing isopropyl myristate as permeability enhancer showed 

significantly higher amounts of both drugs released simultaneously than that of control 

group. Isopropyl myristate alters solubility parameters of transdermal system as well as 

of skin. Dias and coworkers (2007) explained that isopropyl myristate enhance 

permeability of drugs by permeating into lipid portion of skin membrane and altering 

solubility properties (223). 
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4.4.3. In vivo Permeation Study 
 

4.4.3.1. In vivo Evaluation of Transdermal Patches and Marketed Oral Tablets 
 

In vivo studies of optimized patches (F20) and commercially available oral tablets were 

carried out on rabbits. Selection of rabbits as alternative to humans offers many 

advantages like easy handling and small size of animal give significant detection of drugs 

in plasma. Rabbits have been frequently used in bioavailability studies of different 

dosage forms including transdermal patches (224, 225). 

 
4.4.3.2. HPLC Method 

 

Quantification of both drugs in collected plasma samples were carried out by high 

performance liquid chromatography technique (HPLC). For detection of both drugs 

simultaneously, a new HPLC method was developed. Developed method showed 

considerable sensitivity for the detection of both drugs in rabbit plasma. Ketotifen 

fumarate and salbutamol sulphate showed a retention time of 2.4 minutes and 9.2 

minutes, respectively. This significant difference in the retention times of both drugs 

reduced the chances of peaks merging. Total run time for each sample was 12 min. 

 
4.4.3.3. Calibration Curves 

 

Calibration curves for both drugs were constructed in rabbit plasma by analyzing 

different concentrations of both drugs like 1.56, 3.125, 6.25, 12.5, 25, 50 and 100 ng/ml. 

Plasma concentrations of both drugs have been measured in ng/ml due to high sensitivity 

of method, low dose and low amounts of both drugs permeated in systemic circulation at 

various time intervals. Peak areas of calibration curves were placed at Y-axis and 

concentrations of the drugs were taken at X-axis. Figure 4.22 represents the calibration 

curve of ketotifen fumarate and Figure 4.23 gives the calibration curve of salbutamol 

sulphate.  Table  4.24  shows  the  parameters  of  regression  line.  A  good  linearity (R² 

=0.999) was found over above mentioned concentration range of both the drugs. 
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Figure 4.22: Calibration curve of ketotifen fumarate in spiked rabbit plasma 
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Figure 4.23: Calibration curve of salbutamol sulphate in spiked rabbit plasma 
 

Table 4.24: Parameters of regression analysis of calibration line 
 
 

 

Serial No 
 

Parameters 
Ketotifen 
fumarate 

Salbutamol 
sulphate 

1 Number of samples 7 7 

2 Concentration range (ng/ml) 1.56-100 1.56-100 

3 Regression equation y = ax + b y = ax + b 

4 Slope (a) 5.635 23.28 

5 Intercept (b) 0.317 24.43 

6 Regression coefficient (r²) 0.999 0.999 
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4.4.3.4. Limits of Detection and Limits of Quantification 
 

Limits of detection and limits of quantification of ketotifen fumarate and salbutamol 

sulphate are given in Table4.25. 

 
Table 4.25: Bio fluid parameters of HPLC analysis 

 
 

 

Serial No 
 

Parameters 
Ketotifen 
fumarate 

Salbutamol 
sulphate 

1 LOQ (ng/ml) 3.03 4.54 

2 LOD (ng/ml) 1 1.5 

3 Extraction efficiency (%) 78.43 76.87 
 

4.4.3.5. Plasma Spiking 
 

Collected plasma samples were spiked by perchloric acid solution in double distilled 

water and extracted protein free sample solution was filtered by Millipore filter with 0.45 

µm diameter. Extraction efficiency of each drug was calculated by formula: 

Extraction efficiency =	 	 × 100 

																																		

Extraction efficiency was 78.43% and 76.87% for ketotifen fumarate and salbutamol 

sulphate, respectively. Extraction efficiencies of anti-asthmatic drugs are given in Table 

4.25. 

 
4.4.4. Pharmacokinetic Studies 

 

Extracted plasma samples were analyzed for quantification of both drugs by developed 

HPLC method. Pharmacokinetic parameters were studied on two groups of 12 healthy 

rabbits and mean of results was calculated and listed. Parameters to be studied included 

maximum concentration of drugs in plasma (Cmax), maximum time required to reach the 

peak level of drugs (Tmax), area under plasma concentration time curve (AUCTotal), mean 

residence time (MRT), plasma half-life (t1/2) and total body clearance (CL). Table 4.26 

elaborates results of in vivo study. The values of Cmax from the optimized formulated 

transdermal patches (F20) were 71.33 ng/ml of ketotifen fumarate and 175.99 ng/ml of 

salbutamol sulphate. 
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Pharmacokinetic 

parameters 

Transdermal patches Marketed oral dosage forms 
Ketotifen 

 

fumarate

Salbutamol 
 

sulphate

Ketotifen 
 

fumarate 

Salbutamol 
 

sulphate
Cmax (ng/ml) 71.33 175.99 64.60*

 149.62*
 

Tmax  (h) 8.50 9.50 3.416**
 4.00**

 

AUCTotal (ng/ml/h) 1663.63 4958.7 574.76**
 1295.96**

 

MRT (h) 18.25 19.929 10.440**
 10.165**

 

Cl (l/h) 0.602 0.403 1.748**
 1.563**

 

T1/2 (h) 9.972 8.769 7.003*
  5.824**

 

 
 

Table 4.26: Pharmacokinetic parameters of transdermal and oral dosage forms 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

t-test, Not significant = ● (P> 0.05), Significant = * (p< 0.05), Highly significant=** (p<0.001) 
 

 
 

However, for marketed oral tablets containing equivalent amounts of both drugs values of 

Cmax remained at 64.60 ng/ml and 149.62 ng/ml for ketotifen fumarate and salbutamol 

sulphate, respectively. Values of maximum plasma concentration of salbutamol sulphate 

are in agreement with results of Sangeetha et al. (2010). They prepared and compared in 

vivo performance of marketed oral conventional syrup of salbutamol sulphate with oro- 

sustained release in-situ gel of xanthan gum in rabbits (226). 

For optimized transdermal patches, times required to achieve maximum plasma 

concentration was 8.5 hours for ketotifen fumarate and 9.5 hours for salbutamol sulphate. 

However, for commercial oral tablets peak plasma concentrations of ketotifen fumarate 

and salbutamol sulphate were 3.416 hours and 4.0 hours, respectively. For transdermal 

patches, areas under the curves were 1663.63 ng/ml/h and 4958.77 ng/ml/h for ketotifen 

fumarate and salbutamol sulphate, respectively. However, from oral tablets, areas under 

plasma concentration time curves were 574.76 ng/ml/h for ketotifen fumarate and 

1295.968 ng/ml/h for salbutamol sulphate. Rama et al. (2003) conducted a comparative 

bioavailability study in rabbits for transdermal and oral propranolol hydrochloride. The 

study revealed that transdermal patches are affective tool in improving the bioavailability 

of drugs. AUCTotal after oral administration of propranolol tablet was 328.90 ng/ml/h. 

However, AUCTotal of propranolol was enhanced to 1850 ng/ml/h after application of 

transdermal therapeutic system (227). 

Mean residence times were 18.25 hours and 19.92 hours for ketotifen fumarate and 

salbutamol sulphate patches, respectively. However, mean residence time for commercial 
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tablets of ketotifen fumarate and salbutamol sulphate were 10.44 hours and 10.16 hours, 

respectively. Total clearance rates for optimized transdermal patches were 0.602 l/h and 

0.403 l/h for ketotifen fumarate and salbutamol sulphate, respectively. However, for 

commercial oral tablets, clearance rates were 1.74 l/h and 1.56 l/h for ketotifen fumarate 

and salbutamol sulphate, respectively. For optimized transdermal therapeutic system 

(F20), value of plasma half-life was 9.972 hours for ketotifen fumarate and 8.769 hours 

for salbutamol sulphate. However, values of half-life from commercial tablets were 7.003 

hours and 5.824 for ketotifen fumarate and salbutamol sulphate, respectively. A 

comparison of plasma concentration (ng/ml) of both drugs versus time in hours for 

optimized transdermal patches and oral marketed tablets was made and graphically 

presented in Figures 4.24 and 4.25 for ketotifen fumarate and salbutamol sulphate, 

respectively. 

Plasma concentrations of ketotifen fumarate after oral and 
transdermal admnistartion 

80 
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Figure  4.24:  Comparative plasma concentrations (ng/ml) of ketotifen fumarate after 
oral and transdermal application of drug 
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Figure 4.25: Comparative plasma concentrations (ng/ml) of salbutamol sulphate after 
oral and transdermal application of drug 

 
4.4.5. Comparative Bioavailability of Oral and Transdermal Routes 

 

Bioavailability of both drugs after the application of formulated combined anti-asthmatic 

patches was compared with marketed oral dosage forms. T-test was applied to analyze 

the difference in AUCTotal from different routes of administration. 

Figure  4.26  describes  a  comparison  in  Cmax  of  ketotifen  fumarate  and  salbutamol 
 

sulphate after transdermal and oral administration. Results of t-test revealed that p-value 

was 0.0125 for ketotifen fumarate and 0.000492 for salbutamol sulphate (Table 4.27). P- 

value is less than 0.05 for both anti-asthmatic drugs; therefore significant difference was 

seen in Cmax from two different types of dosage forms. 
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Figure 4.26: Cmax of ketotifen fumarate and salbutamol sulphate after oral and 
transdermal administration 
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Table 4.27: Statistical values obtained by applying t-test 
 

Pharmacokinetic 

parameters 

t-test transdermal vs oral routes 
P-value of 

 

ketotifen

P-value of 
 

salbutamol sulphate

Significance 

Cmax 0.0125 0.000492 Significant
Tmax 4.89306E-09 3.06357E-10 Significant

AUCTotal 6.08392E-13 1.49135E-13 Significant
MRT 3.07917E-09 2.12173E-07 Significant

Cl 4.43469E-12 1.49301E-10 Significant
T1/2 (h) 0.000539775 1.64182E-05 Significant

 

Time required to reach maximum drug concentration was statistically compared. Figure 
 

4.27 represents the difference in tmax of ketotifen fumarate and salbutamol sulphate from 

transdermal and oral dosage forms. Results revealed that p-values for both drugs were 

< 0.001 and difference between tmax from transdermal and oral dosage forms are 

significant (Table 4.27). Tmax was found higher in case of transdermal patches compared 

to that of oral dosage forms. Delayed tmax after patch application was due to barrier 

properties of skin membranes where drugs are accumulated and delivered to systemic 

circulation in a sustained manner. In case of oral dosage forms, drugs are rapidly 

absorbed from gastrointestinal track. 
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Figure 4.27: Tmax of ketotifen fumarate and salbutamol sulphate after oral and transdermal 
administration 

 
Figure  4.28  presents  a  comparison  of  area  under  plasma  concentration  time  curve 

(AUCTotal) of salbutamol sulphate and ketotifen fumarate from optimized patches and 



Chapter 4

116

 

 

A
 U

 C
  (

 n
 g

 /m
 l 

/h
 ) 

 
 

marketed oral tablets. T-test showed a highly significant difference (P<0.001) in AUCTotal 

of both drugs from oral and transdermal dosage forms. By the application of transdermal 

patches, AUCTotal of ketotifen fumarate and salbutamol sulphate were 2.89 and 3.82 times 

of oral tablets, respectively. 
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Figure 4.28: Comparative AUCTotal  of ketotifen fumarate and salbutamol sulphate after 
oral 

and transdermal administration 
 

Mean residence times of both drugs were approximately double in case of transdermal 

patches compared to that of oral dosage forms. These larger values of mean residence 

times from transdermal patches were due to continuous and sustained permeation of 

drugs over an extended period of time through the skin into the systemic circulation. 

Figure 4.29 shows the mean residence time of ketotifen fumarate and salbutamol sulphate 

after oral and transdermal administration of drugs. Results of t-test represent a highly 

significant difference P<0.001 (Table 4.27 Page No 115) in mean residence time of both 

drugs from transdermal and oral formulations. 
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Figure  4.29:  MRT  of  ketotifen  fumarate  and  salbutamol  sulphate  after  oral  and 
transdermal administration 

 
Total body clearance of both drugs after oral and transdermal administration was 

compared. Results of t-test showed p-values <0.001 (Table 4.27 Page No 115). 

Therefore, differences in the clearance from two routes are highly significant. Figure 4.30 

describes that clearance of both drugs was reduced after application of transdermal 

patches compared to clearance after oral administration of tablets of individual drugs. 
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Figure 4.30: Total body clearance of ketotifen fumarate and salbutamol sulphate after 
oral and transdermal administration 
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Statistical comparison in t1/2 (h) of ketotifen fumarate and salbutamol sulphate from 

transdermal patches and oral tablets revealed that p-value of ketotifen fumarate and 

salbutamol sulphate were. 0.000539 and 1.64182E-05, respectively (Table 4.27 Page No 

115). The p-values for both drugs were less than 0.05 therefore difference in half-lives 

was significant for both drugs from different routes of administration. Figure 4.31 

elaborates comparative half-lives of both anti-asthmatic drugs after oral and transdermal 

administration. 
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Figure  4.31:  T1/2  (h) of  ketotifen  fumarate  and  salbutamol  sulphate  after  oral  and 
transdermal administration 

 
Results of in vivo study proved that bioavailability of anti-asthmatic drugs from 

optimized transdermal patches (F20) were considerably higher in comparison to 

bioavailability achieved after administration of oral tablets. This higher bioavailability is 

due to specific properties of transdermal dosage forms. After oral administration, 

ketotifen fumarate undergoes extensive first-pass metabolism and its bioavailability is 

reduced to 50%. Schreck and Babin (2005) reported that due to extensive metabolism in 

gastro intestinal track and liver, salbutamol sulphate is only 50% bioavailable (228). Low 

clearance and high mean residence time support to sustain the plasma level of combined 

anti-asthmatic drugs for prolonged period of time. Newly developed optimized 

transdermal drug formulations successfully extended the sustained release behavior of 

both anti-asthmatic drugs up to 48 hours. Results of this study suggest that successful 
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transdermal therapeutic system can be developed by selecting suitable combination of 

polymers and appropriate permeation enhancer. 
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All newly formulated transdermal patches possessed suitable appearance and acceptable 

physicochemical properties. All formulations showed different in vitro drugs release rates 

depending upon the type and nature of polymers used to form matrix of patch. Patch 

formulations with hydrophilic polymers showed released comparatively higher 

cumulative release of both anti-asthmatic drugs; ketotifen fumarate and salbutamol 

sulphate. Permeation profiles of both drugs were also varying depending upon the type of 

enhancer used. Formulations containing tween 80, isopropyl myristate, eucalyptus oil and 

span 80 showed significant amounts of both drugs permeated through rabbit skin 

membrane. Formulation F20, showed the highest amounts of both drugs released and 

permeated from rabbit skin membrane mounted on Franz diffusion cell. Formulation F20 

consisted of a polymeric blend of eudragit RL 100 and ethyl cellulose having isopropyl 

myristate as permeation enhancer. F20 also showed the highest cumulative flux for both 

drugs. Results of in vitro study revealed that isopropyl myristate is the best enhancer for 

increasing the permeation of anti-asthmatic drugs. F20, the optimized formulation was 

further evaluated for in vivo studies and results were compared with marketed tablets 

containing equivalent quantities of both drugs. F20 patches when applied to intact skin 

did not cause any irritation during a period of 8 hours study. During in vivo drug release 

study on rabbits, significant amounts of both drugs were released and sustained in 

comparison to formulations devoid of permeation enhancers. Pharmacokinetic study 

showed that for transdermal patches, AUCTotal of ketotifen fumarate was 2.89 folds and 

that of salbutamol sulphate was 3.82 folds in comparison of commercial oral tablets. 

Present communication suggests that transdermal drug delivery system of combined anti- 

asthmatic drugs can be developed and optimized for enhanced and sustained delivery of 

drugs over long periods of time. System showed significant advantages like bypass of 

hepatic metabolism, improved bioavailability, avoidance of destruction of drugs into 

gastrointestinal tract, sustained permeation for long period of time and reduced dose 

frequency leading to improve patient compliance. The currently developed transdermal 

drug delivery system is highly suitable for nocturnal asthma where drug administration at 

multiple time points is difficult to take. 
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In vivo release study showed that 74.91% ketotifen fumarate and 75.02% salbutamol 

sulphate were released from optimized formulations, at the surface of rabbit skin after 24 

hours application. Formulations without permeation enhancers showed very less quantity 

of drug release, during in vivo studies. 

Release and permeation of both anti-asthmatic drugs from developed devices can be 

further improved by applying the combined strategies: 

o Inclusion of chemical enhancer coupled with physical enhancers like 

phonophoresis, sonophoresis, magnetophorasis, iontophorasis and electroporation 

techniques. 

o After application of a combined chemical and physical enhancement strategies, 

the developed devices further needs to be evaluated for in vivo release and 

permeation studies by tape striping method on human volunteers. 

o In future, pharmacokinetics studies needs to be conducted on healthy human 

volunteers. After ensuring safety and efficacy of formulated transdermal patches 

on healthy human volunteers, the formulations will need to conduct a study on 

patients with moderate asthma. 
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