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ABSTRACT 

     Candesartan cilexetil is prodrug of Candesartan, which is potent, long-acting and selective 

angiotensin (II) type-1 receptor (AT1) antagonist. Candesartan cilexetil is used in the 

treatment of hypertension. The oral bioavailability of Candesartan cilexetil is less (15%), so 

in this study an approach has been made to increase its bioavailability by proniosomal gel 

formulation. The proniosomal formulation of Candesartan cilexetil was prepared by slurry 

method, using span 60 and tween 60 as non-ionic surfactants, maltodextrin as carrier and 

cholesterol and soya lecithin as stabilizers. The prepared proniosomal gel formulations were 

evaluated for compatibility study, entrapment efficiency, vesicle size, surface morphology, 

in-vitro diffusion studies, in-vitro skin permeation studies, in-vivo pharmacokinetic studies, 

various release kinetic studies and stability studies. Results of FT-IR study showed no 

interaction between drugs and other excipients. The mean vesicles size of proniosome 

derived niosomes was found in the range of 16.34µm-32.48µm and 7.25-16.45µm before and 

after shaking. Vesicles sizes of niosomes obtained by tween 60 were comparatively larger 

than those vesicles obtained by span 60. The entrapment efficiency was found in the range of 

62.70%- 86.17%. The formulation containing span 60: cholesterol in 2:1 ratio showed highest 

percent of entrapment compared to other formulations. In-vitro diffusion studies were carried 

out using cellophane membrane, results showed that proniosomal gel formulation showed 

higher cumulative percent drug release (57.62%-93.81%) compared to normal gel (49.04%). 

In-vitro skin permeation studies were carried by using rat skin. Results of permeation studies 

showed that formulation A3 exhibited 88.65% drug permeation in a steady-state manner over 

a period of 24 hrs. The permeability parameters such as flux, permeability coefficient and 

enhancement ratio were significant for formulation A3 compared with other formulation. 

Based on the results of in-vitro skin permeation studies, formulation A3 was subjected to     

in-vivo pharmacokinetic studies. Sixteen albino rats were selected and they were divided into 
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two groups, eight rats in each group. One group was given transdermal proniosomal gel 

formulation and another group was marketed tablet. In-vivo pharmacokinetic studies of 

proniosomal gel formulation A3 showed a significant increase in bioavailability (1.425 folds) 

compared with oral formulation of Candesartan cilexetil. Increase bioavailabity of 

Candesartan cilexetil through transdermal treatment was observed because this route 

eliminates the hepatic first pass metabolism of the drug. Release kinetic studies showed 

formulations A1, A2, A3, A7, A8 and A9 followed non-Fickian release mechanism and 

formulations A4, A5 and A6 followed super-case II release mechanism. Formulation A3 and 

A4 were subjected to stability studies  at 25ºC/60% RH and 40ºC/75% RH and analysed for 

visual appearance, viscosity, drug content, vesicle size and in-vitro diffusion studies.             

Both formulations appeared to be stable when stored at 25ºC/60% RH and 40ºC/75% RH for 

three month of storage period. Physiochemically stable Candesartan cilexetil proniosomal gel 

was formulated, which could deliver significant amount of drug across the skin in          

steady-state manner for the prolong period of time in the treatment of hypertension. 

Key words: Bioavailability, Candesartan cilexetil, in-vitro diffusion studies, entrapment 

efficiency, span 60, tween 60. 
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1. INTRODUCTION 

    Targeting of the drug to particular organs and tissues has become one of the critical challenges 

of the new century. The search for new drug delivery systems and new modes of action represent 

one of the frontier areas, includes a multidisciplinary scientific approach to provide major 

advances in improving therapeutic index and bioavailability at site specific delivery
1
.
 
The new 

drug delivery system should ideally fulfil two requirements: Firstly, it should deliver the drug at 

a rate directed by the needs of our body, until the treatment is completed, secondly; it should 

channel the drug to the site of action
2
.
 
These new drug delivery systems can reduce solubility 

problems, protect the drug from the external environment such as photodegradation, pH changes 

and also reduce dose dumping by controlling the release profile. Such, controlled targeting at site 

of action not only reduces time of exposure at non-targeting tissues and toxicity but also 

improved patient compliance and convenience
1
. 

    Novel drug delivery systems are new strategies of drug delivery, based on interdisciplinary 

approaches that combine polymer science, pharmaceutics, bio-conjugate chemistry, technology, 

and molecular biology. Some of the new drugs require new delivery systems because the 

traditional systems are inefficient and ineffective, due to this reason new technology and devices 

are now available in market. These systems can include physical as well as biochemical 

mechanisms. Physical mechanisms include osmosis, diffusion, erosion, dissolution, and electro 

transport, whereas biochemical mechanisms include monoclonal antibodies, dosage frequency, 

controlling the site of release and maintaining constant drug levels
3
. 

    There are several techniques of conventional drug delivery system where tablets, capsules, 

pills, liquids, aerosols, ointments etc are used as drug carrier
4
. 
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    In the past few years, vesicles have become the carriers for drug delivery. Lipid vesicles were 

found to be of value in immunology, membrane biology, diagnostic techniques, and most 

recently, genetic engineering. Vesicles might play a major role in modelling biological 

membranes and in the targeting of active agents in particular tissue
5
. 

   Vesicles are phospholipid based vehicles composed of a bilayer membrane that can divided 

into small unilamellar vesicles (20nm-100nm), large unilamellar vesicles (100-500nm) and 

multilamellar vesicles (exceeding 500nm). These systems have the ability to encapsulate both 

lipophilic drugs within their membrane and hydrophilic drugs inside or outside the aqueous core 

and the membrane of these carriers can be altered and tuned.
 

    Liposomes, transferosomes, ethosomes, niosomes, cochleate, cubosomes etc are vesicles used 

as vehicles in drug delivery. Liposomes are colloidal particles commonly produced with 

phospholipids and cholesterol with other possible ingredients. Liposomes shows greater 

compatibility, ease of preparation, wide range of drug compatibilities, increased solubility of 

drugs, and also improved oral absorption. Liposomes showed poor stability when administered 

orally, which might be due to physiological conditions found in the gastro intestinal tract
1
.
 
In an 

aqueous dispersion system, liposomes have problems associated with degradation by hydrolysis 

or oxidation as well as sedimentation during storage
6
. Liposomes when injected subcutaneously 

acts as drug depot, their vesicles were found after 96 hrs. Even though liposomes are metastable 

systems, their pharmaceutical uses are limited due to difficulties in sterilization, content leakage 

with poor controlled release, low encapsulation efficiency and loading. Virosomes are another 

class of liposomes, which are liposomes carrying viral proteins removed from virus on their 

surface. Virosomal systems can incorporate a variety of molecules and can be improve the 

uptake by dendritic cells through different receptor- mediated routes
1
. 
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   Niosomes as drug carriers have gained wide attention by researchers for their use as drug 

targeting agents. Niosomes were considered as better alternatives to liposomes for entrapping 

both hydrophilic and hydrophobic drugs
7
.  

    Niosomes are non-ionic microscopic vesicles consisting of an aqueous core enclosed in a 

bilayer consisting of cholesterol and one or more non-ionic surfactants. The size of niosomes is 

microscopic, hence particle size ranges from 10-100nm. They are made of biocompatible, 

biodegradable, non-toxic, non-immunogenic, and non-carcinogenic agents, these upon hydration 

form closed spherical structures. Niosomes are capable of entrapping many kinds of hydrophilic 

as well as lipophilic drug candidates because structurally they possess both hydrophilic and 

hydrophobic moieties together
8, 9

. 

    When compared to liposomes, niosomes are promising drug carriers as they possess greater 

chemical stability and avoids the variable purity problems of phospholipids. The additional 

merits with niosomes are osmotically active, resistance to hydrolytic degradation, greater 

stability, longer shelf life, low toxicity due to non-ionic nature, no requirement of special 

precautions, conditions for formulation and preparation and low cost.
 
The niosomal drug delivery 

systems shows greater advantage for a poor soluble drug by increasing solubility, controlling 

release and prolonging drug activity over long periods of time
8, 9,10

. 

 

Figure 1: Structure of Niosome 
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    All methods traditionally used for preparation of niosomes are time consuming, only allow for 

a predetermined lot size, material is often wasted if smaller quantities are required for particular 

dose application, and required specialized equipment
9
. 

    Even though niosomes possess good chemical stability during storage, there might be 

problems of physical instability in niosome dispersions. Similar to liposomes, aqueous 

suspension of niosomes may exhibit aggregation, fusion, leakage of entrapped drugs, or 

hydrolysis of encapsulated drugs, thus reduces the shelf life of the dispersion
11, 12

. In order to 

overcome the drawback of niosomes, the researchers gave focus on the development of dry 

products. A dry product which could be hydrated immediately before use would avoid many 

problems of physical stability. The additional advantage of the transportation, distribution, 

storage, and dosing would make ‘dry niosomes’ as a promising industrial product.                  

Such ‘dry niosomes’ are called as ‘proniosomes’ and they are immediately converted into 

niosomes after hydration with warm water
13

. 

    Among many routes of drug delivery, oral drug delivery continues to be the preferred route of 

administration. Majority of the drug synthesized by combinatorial chemistry suffer from 

bioavailability problems due to inadequate solubility and stability in gastrointestinal fluids, poor 

permeation across the GI barrier, first pass metabolism of drug in liver
11

.  

    In order avoid problems related to oral route of drug delivery, an alternative route i.e. 

transdermal route was selected. 

1.1. CONCEPT OF TRANSDERMAL DRUG DELIVERY:  

    Transdermal drug delivery system was first introduced in the United States over 25 years ago. 

This delivery system generated tremendous excitement and interest amongst the major 

pharmaceutical companies in the 1980s and 90s. Excitement to disappointment, when the 
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limitations of the existing transdermal technology become evident and the numbers of drug 

candidates were limited to very few molecules. Factors limiting the success of transdermal 

technology included any one of these things, local skin irritation associated with certain drugs 

and formulations, limitation on the dose of the drug that could be delivered transdermally, a time 

associated with the delivery of the drug across the skin, variation of absorption rate based on site 

of application, type of skin, patient age, and variation in adhesive effectiveness across skin 

types
14

. Transdermal route delivers precise amount of drug through the skin for systemic action. 

Interest in transdermal delivery has increased on several fronts over the past several years. Since 

the first transdermal patch was approved in 1981 to prevent nausea and vomitting associated with 

motion sickness. More than 30 transdermal patches with the various drug molecules are available 

in market. However, the small group of marketed products has represented drugs of many 

important classes; antianginal, antihypertensive, antiemetics, hormones, urinary antispasmodic, 

local anaesthetic and CNS drugs. The fundamental reason for such transdermal drugs is that 

highly impermeable human skin limits daily drug dosage, delivered from an acceptable sized 

patch, to about 10mg
15

. Although there are only limited numbers of marketed transdermal 

patches available, many others are in development or awaiting FDA approval
14, 15, 16

. 

1.1.1. ADVANTAGES OF TDDS:
 17, 18 

 Avoidance of first pass metabolism of drugs. 

 Drug can be delivered over a long period of time. 

 Reduction of fluctuations in plasma levels of drugs, utilization of drug candidates with short 

half-life and low therapeutic index. 

 Easy elimination of drug delivery in case of toxicity. 

 Reduction of dosing frequency an enhancement of patient compliance. 
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 Transdermal medications deliver a steady infusion of a drug over an extended period of 

time. Adverse effects associated with intermittent dosing can also be avoided. 

 Self-medication is possible.  

 Transdermal delivery can increase the therapeutic value of many drugs by avoiding specific 

problems associated with the drug. Eg. GI irritation, lower absorption, hepatic first pass 

effect. 

 The simplified medication regimen leads to improved patient compliance and reduced inter 

and intra-patient variability. 

 Transdermal patches are easy to apply, non-invasive and painless. 

 Suitable for old age patients who cannot take medicines orally. 

1.1.2 DISADVANTAGES OF TDDS: 18, 19, 20 

 It is difficult to administer the dose more than 10mg/day.  

 Ionic drugs might create problems. 

 Drugs having size >500 Dalton are not suitable candidates for transdermal delivery system. 

 Difficult to achieve high plasma drug concentration. 

 Drugs with very low or high partition coefficient fail to reach systemic circulation. 

 Long term adherence on skin may create discomfort to patients. 

 Many drugs with a hydrophilic structure permeate the skin too slowly. 

 Transdermal delivery is not suitable for delivery of those drugs having high dose. 

 Drug that required high blood levels cannot administered through this route. 

 Drug causing irritation, rashes, or sensitization are not given by this route. 

 Not applicable for those drugs extensively metabolized in the skin and molecular size is 

greater enough to prevent the molecules from diffusing through the skin. 
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1.2 PHYSIOLOGY OF SKIN 

The skin is the largest organ of the human body, accounting for about 15% of the total body 

weight. It has a wide variety of functions. One of the major functions of the skin is to protect the 

body from water loss, maintains thermoregulation and mechanical, chemical, microbial, and 

physical influences. The protective properties are provided by the outer most layer of the skin, 

the epidermis
21

. 
 
The skin of an average adult human covers a surface area of nearly 2m

2
 and 

receives about one-third of the blood circulating through the body. Microscopically skin is 

composed of three main histological layers: epidermis, dermis and subcutaneous tissues      

(figure 2). The skin consists of four distinct layers of tissue. Non-viable epidermis (stratum 

corneum), viable epidermis, viable dermis, subcutaneous connective tissue
22

. 

The outer layer, the epidermis consists of a specific constellation of cells known as 

keratinocytes. Keratinocytes synthesize keratin, a long thread like protein with a protective role. 

The dermis is middle layer, made up of the fibrillar structural protein known as collagen. The 

dermis lies on the subcutaneous tissue, or panniculus, which contains small lobes of fat cells 

known as lipocytes
23

. 

 

Figure 2: Structure of Human Skin 
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1.2.1 Stratum Corneum or Non-viable Epidermis:  

Stratum corneum is the outer most layer of skin (horny layer), which is the actual 

permeability barrier to most substance that comes in contact with the skin. The stratum corneum 

is 10 to 20 cell layer thick over most of the body. Each cell is a flat, plate-like structure which is 

34-44 µm long, 25- 36 µm wide, 0.5 to 0.20 µm thick  with a surface area of 750 to 1200 µm 

stocked up to each other in brick like fashion. Stratum corneum consists of lipid (5-15%) 

including phospholipids, glycosphingolipid, cholesterol sulphate and neutral lipid, protein      

(75-85%) which is mainly keratin
22

. The intact stratum corneum provides the main barrier, its 

‘brick and mortar’ structure is analogous to a wall. The corneocytes of hydrated keratin comprise 

the ‘bricks’ embedded in ‘mortar’ composed of multiple lipid bilayers of ceramides, fatty acids, 

cholesterol and cholesterol esters. This bilayers form regions of semicrystalline, gel and liquid 

crystals domains. Most molecules penetrate through skin via this intracellular microroute
15

. 

Table 1: Regional variation in water permeability of stratum corneum 

Sl. No Skin region Thickness (µm) Permeation rate 

(mg/cm
2
/hr) 

Diffusivity 

(cm
2
/sec X 10

10 

1 Abdomen 15.0 0.34 6.0 

2 Volar forearm 16.0 0.31 5.9 

3 Back 10.5 0.29 3.5 

4 Forehead 13.0 0.85 12.9 

5 Scrotum 5.0 1.70 7.4 

6 Back of hand 49.0 0.56 32.3 

7 Palm 400.0 1.14 535.0 

8 Plantar 600.0 3.90 930.0 
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1.2.2. Viable epidermis:  

Viable epidermis is second layer of the skin which resides between the stratum corneum 

and the dermis, with thickness ranging from 50- 100 µm. The structure of the cells in the viable 

epidermis is physiochemically similar to other living tissues and held together by tonofibrils. The 

density of this region is not much different than water and the water content is about 90%
22

. 

1.2.3. Dermis:
 

Dermis is present just beneath the viable epidermis. The dermis is 2000-3000 µm thick.
 
It is 

made of a fibrous protein matrix mainly collagen, elastin and reticulum embedded in an 

amorphous colloidal ground substance. It is divided into two distinct zones: a superficial finely 

structured thin papillary layer adjacent to the epidermis and a deeper coarse reticular layer (the 

main structural layer of the skin). The dermis is also the locus of blood vessels, sensory nerves 

are segments of the sweat glands and pilosebaceous units. The blood vessels supply blood to the 

hair follicles, the glandular skin appendages and the subcutaneous fat as well as the dermis itself. 

It protects the body from injury, provides flexibility with strength, and serves as a barrier to 

infection and functions as a water-storage organ
22

. 

1.2.4. Subcutaneous Fatty Tissue: 

The subcutaneous tissue is not actually considered a true part of the structured connective 

tissue. Cushioning the epidermis and dermis is the subcutaneous tissue or fat layer where fat is 

manufactured and stored. It is composed of loose textured, white, fibrous connective tissue 

containing blood and lymph vessels, secretory pores of the sweat gland and cutaneous nerves. It 

acts as a heart insulator and a shock absorber. It essentially has no effect on the percutaneous 

absorption of drugs because it lies below the vascular system and drug permeating through the 

skin enter the circulatory system before reaching hypodermis
22, 23, 24

. 
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Figure 3: The general mechanism of drug released through skin 

1.3. PATHWAYS OF DRUG ABSORPTION THROUGH THE SKIN  

The skin forms a barrier between the moist internal body environment and the external 

environment, but it does not form an impermeable barrier. Substances can penetrate the skin 

through a variety of routes: through, or between the cells of the epidermis or through sweat ducts 

or hair shafts. Any chemicals or substances causing dermatitis has penetrated at least the 

superficial layers of the epidermis and triggers inflammatory response. The penetration of some 

substances through epidermis and dermis is desirable i.e. medication, in other cases it is not and 

indeed might causes toxicity in the body
17

. 

The drug can be absorbed by various pathways through the skin depending on the 

physicochemical properties of the drug molecule. Both hydrophilic and lipophilic drugs absorbed 

from different routes and finally enter to the systemic circulation. Various routes of drug 

absorption are depicted in figure 4. 
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Figure 4: Permeation through skin. a) Epidermis b) Dermis c) subcutaneous layer
25 

1.3.1. Transfollicular route: 

 

This route is also known as shunt pathway. Transfollicular route is one of the shortest 

pathway that the drug has to follow to reach the systemic circulation that provides a large area 

for diffusion of drugs. Skin contains various sweat glands, oil glands, hair follicles and pores 

opening to the outer surface of the skin through their ducts. These ducts provides a continuous 

channel across the stratum corneum for drug transport but various factors like secretion from 

glands, sebum, cell debris, content and amount of secretion etc., affect the transport of drugs 

through this route. However, this route occupies only 0.1% of total skin surface, thus contributes 

a little
18, 26, 27

. 

1.3.2. Transcellular route: 

Delivery of drug through this route passes from corneocytes. Corneocytes has highly 

hydrated keratin creating hydrophilic pathway surrounded by lipids connecting cells. So a drug 

requires a number of partitioning and diffusion steps. It is the widely used route by the various 

type of drugs and suitable for hydrophilic drugs. The drug passes through the corneocytes of 

stratum corneum. A number of partitioning and diffusion steps are needed to pass the drug 

through the cell matrix
27

. 
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1.3.3. Intracellular route: 

 

In this pathway the drug diffuses through the continuous lipid matrix present between the 

cells. The barrier property of this route is due to tortuous structure formed by corneocytes and 

the drug has to pass through the alternating lipid and aqueous domain by partitioning into the 

lipid bilayer and diffusing to the inner side. This route is mainly suitable for uncharged lipophilic 

drugs as water has to travel 50 times more by this route
18

. 

1.4. Factors affecting permeability of drug transdermal route
28, 29

: 

Single reason is not only responsible in affecting the permeation of drug through skin but a 

number of factors are involved which are mutually dependent on each other. There are various 

factors rendering and controlling permeability of drugs through the skin. They are briefly 

classified below: 

A. Physiochemical properties of drug 

B. Formulation characteristics  

C. Skin pathophysiology  

A. Physiochemical properties of drug 

 Size of drug molecule and its molecular weight 

Drug molecules having molecular size >500 than Dalton creates problem in percutaneous 

transport of the drug. Greater the molecular weight smaller is the absorption. Drug molecule 

size should be less to avoid problem related to absorption. 

 Partition coefficient and solubility 

The partition coefficient determines the solubility or diffusion of drug in lipids and 

aqueous medium. Drugs having both lipid and aqueous solubility are suitable candidates for 

percutaneous absorption as skin is made of lipid bilayer. Drug should have some lipid 
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solubility for absorption but at same time it should have some hydrophilicity to diffuse 

inside the skin in aqueous environment. Partition coefficient of drug molecules can be 

altered by changing solvent system or by chemical modification in the structure without 

affecting its pharmacological activity. 

 pH conditions 

Most of the drugs are either acidic or basic in nature. So the pH of the drug determines its 

ionization at skin surface. Unionized drugs or species have better absorption than ions or 

ionic species, so pH plays an important role in determining extent of penetration of drug. 

B. Formulation characteristics 

 Release rate of the drug 

The release of drug from the formulation is influenced by the affinity of the carrier for the 

drug in formulation and physiochemical properties of drug like solubility of drug in solvent 

and interfacial partitioning of drug from formulation to skin determines the rate of the drug.  

 Ingredients of formulation  

Release of the drug or permeation of drug through the skin may be affected by the 

various excipients or polymer present in the formulation. These ingredients may act by 

altering the physiochemical properties of drugs or skin physiology.  

 Presence of permeation enhancers 

Various categories of permeation enhancers are used to increase the permeation of the 

drug through the skin. These agents alter the integrity of the skin temporarily and open the 

skin pores for absorption.   
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C. Physiological and pathological condition of skin 

 Skin hydration  

When skin comes in contact with water its permeability increases significantly. Hydration 

of the skin causes the swelling of stratum corneum and provides some fluidity to the skin. So 

humectant is used in transdermal drug delivery. 

 Skin temperature, pH and blood flow 

On increasing the temperature of the skin, the percutaneous absorption of the drug 

increases due to fluidization of lipids and vasodilation of the blood vessels which are in 

contact with skin.  The diffusion coefficient decreases as temperature decrease. Weak acids 

and weak bases dissociate depending on the pH and pKa or pKb values. The proportion of 

unionized drug determines the drug concentration in skin. Thus, temperature and pH are 

important factors affecting drug penetration through skin. 

Changes in peripheral circulation can affect transdermal absorption. When blood flow 

increases the concentration gradient across the skin also increases. Thus reduces the 

residence time of the drug in the dermis by continuously removing it.  

 Regional site of skin 

Thickness of skin, nature of stratum corneum, number of hair follicles and sweat glands 

per unit surface area may vary from site to site, person to person and species to species.      

So in all cases percutaneous absorption of drug differs from one another.  

 Pathology of skin 

Disease of the skin, injury to the skin and pathogens causes the rupturing of the lipid 

layers of the stratum corneum which alters the skin penetration of drugs. 
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 Skin metabolism 

Skin various metabolizing enzymes and metabolizing microbes are present in the skin. 

They metabolize steroids, hormones, chemical carcinogens and some of drugs.  

1.4. KINETICS OF DRUG ABSORPTION THROUGH SKIN
18

: 

The mechanism by which the drug is absorbed through the skin is passive diffusion. It 

means drug is absorbed according to concentration gradient. As high concentration of drug is 

present on the skin as compared to inside of the skin, so the drug molecule diffuses from 

reservoir to systemic circulation through the skin. The drug permeation through the skin obeys 

Fick’s first law of diffusion. Thus the following equation helps in identifying the ideal 

parameters involved in the diffusion of the drug across the skin. 

dQ/dt=Ps (Cd-Cr)……………(1) 

dQ/dt is rate of permeation. 

Where, Cd is the concentration of the drug in donor phase i.e. on the skin surface and Cr is 

the concentration of the drug in receptor phase i.e. inside the skin in systemic circulation. 

Pr is overall permeability constant and is given by following equation: 

Pr= (KsDss/ hs)…………….… (2) 

Where Ks is partition coefficient of the drug, Dss is apparent diffusivity of the drug and hs is 

thickness of the skin. 

So, permeability constant Ps is considered as constant and Ks, Dss and hs (in equation 2) are 

constant under certain given set of conditions. If Cd> Cr constant rate of diffusion is achieved. So 

rate of diffusion (dQ/ dt) in equation 1 can reduced to: 

dQ/ dt = Ps…………………… (3) 
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The permeation rate (dQ/ dt) is maintained constant, if Cd value remain constant throughout 

the permeation process across the skin. If the drug release rate (Rr) is greater than absorption rate 

(Ra) then Cd remain constant. 

So the concentration of drug on skin surface is always greater than saturation solubility of 

the drug in the skin  i.e. Cd>  and a maximum skin permeation rate   (dQ/ dt)m is obtained:  

(dQ/ dt)m = Ps. ....................... (4)
 

Significant properties of drug used in transdermal drug delivery system is shown below 

table
19

 

Properties Comments 

Self-life Up to 2 years 

Dose frequency Once a daily to once a week
 

Oral bioavailability Low 

Packaging Easy removal and minimum number of steps required to apply 

Skin reaction Non-irritating and non-sensitizing 

Release Consistent pharmacokinetic and pharmacodynamic profiles 

Dose Should be low 

Half life 10 or less 

Table 2: Requirements of the drug properties used in transdermal drug delivery  

1.5. Modification of drug/vehicle for improvement of transdermal delivery15: 

The intrinsic skin permeability of most drugs is not sufficient to meet the therapeutic 

demand. Since novel technologies have been developed to enhance the permeation rate of the 

drug. The non-invasive approaches for providing transdermal drug delivery of various 

therapeutic substances are shown in the figure 5. 
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Figure 5: Methods of modifying drug/vehicles for transdermal therapy 

1.6. VESICULAR APPROACHES FOR TRANSDERMAL DRUG DELIVERY: 

In the past few decades, considerable attention was given by formulation scientist for the 

development of new drug delivery system; vesicular system. In the biomedical field vesicular 

system of drug delivery is used for diagnosis and treatment of disease. Encapsulation of drug 

inside vesicular structures can be expected to improve the therapeutic index of both existing and 

new drug molecule.  
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Consequently a number of vesicular drug delivery systems such as liposomes, niosomes, 

transferosomes, sphinosomes and pharmacosomes have been developed, which can be expected 

to prolong the duration of the drug in systemic circulation, and reduce the toxicity by selective 

uptaking
30, 31, 32, 33

. 

Lipids present in the skin possess barrier function and thus prevent systemic absorption of 

drugs. In order to avoid this problem drug is encapsulated in lipid vesicles prepared from 

phospholipids and non-ionic surfactants. Drug encapsulated in lipid vesicles is known to be 

transported into and across the skin. These vesicles can be used for encapsulating hydrophilic 

and lipophilic as well as high or low molecular weight drugs. Therefore, vesicles are 

hypothesized to carry significant amount of drug across the skin, thus enhancing the systemic 

absorption of the drug. Nowadays, researchers have understood the properties of vehicles 

structure for use in better drug delivery within their cavities, which would to tag the vesicles for 

cell specificity
16

. 

Some of the advantages of vesicular drug delivery system are as follows: 

 Prolong the existence of the drug in systemic circulation, and reduces the toxicity by 

selective uptake of the drug directly to the site of infection. 

 Improves the bioavailability especially in the case of poorly soluble drugs. 

 Able to incorporate both hydrophilic and lipophilic drugs into vesicular structure.  

 Vesicular system delays elimination of rapidly metabolizable drugs and thus functions as 

sustained release systems
32

. 
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1.7. PRONIOSOMES: 

Vesicular systems such as liposomes and niosomes have distinct advantages over conventional 

dosage forms because these systems can acts as drug containing reservoirs. They may acts as vehicles or 

as permeation enhancers for drugs to enhance their penetration through stratum corneum of the skin. 

Furthermore, they can be used as controlled percutaneous drug delivery vehicles as well as 

modification of the particle composition or surface for the delivery of the drug at target site. The 

applicability of these vesicular systems is, however limited because of their stability problems, 

sedimentation, aggregation, fusion, or hydrolysis of entrapped drug which affect the self-life of 

the dispersion. With the aim to avoid these problems proniosomes was developed
6, 34

. 

Proniosomes are dry formulation of water-soluble carrier particles that are coated with non-

ionic surfactants and can be measured out as needed and rehydrated to form niosomal dispersion 

immediately before use on brief agitation in hot aqueous media. Proniosomes derived niosomes 

are much better than conventional niosomes and more uniform in size, which provide optimal 

flexibility, unit dosing, easy processing and packaging. The proniosomal approach minimizes 

these problems by using dry, free-flowing product, which is more stable during sterilization and 

storage. Ease of transfer, distribution, measuring, and storage make proniosomes a versatile 

delivery system with potential for use with a wide range of active compounds. In general a 

limited number of studies are available which deal with the preparation and evaluation of 

proniosomes
10

. 

1.7.1. TYPES OF PRONIOSOMES
35, 36

: 

 Dry granular proniosomes 

 Sorbitol based proniosomes: In this type of proniosomes sorbitol is used as a carrier, which 

is further coated with non-ionic surfactants using water by simple agitation method.            
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In sorbitol based proniosomes size distribution is very uniform. It is prepared by slow 

spraying method and usefull for those drugs which are susceptible to hydrolysis.  

 Maltodextrin based proniosomes: It is prepared by fast slurry method and time required to 

produce proniosomes by this method is independent of the ratio of surfactant solution to 

carry out. Maltodextrin based proniosomes has potential of application in delivering of 

hydrophobic and amphiphilic drugs. 

 Liquid crystalline proniosomes 

 The liquid crystalline proniosomes and proniosomes gel act as reservoir for transdermal drug 

delivery. This system may be formulated into transdermal patch containing a backing layer 

along with plastic sheet. Proniosomal gel is spread evenly on the sheet. Liquid crystalline 

proniosomes shows number of advantages such as stability, high entrapment efficiency, no 

disruption of membrane properties of stratum corneum. 

1.7.2. ADVANTAGES OF PRONIOSOMES
35, 36, 37

: 

 Proniosomes are convenient for transportation, sterilization, distribution, storage and dosing. 

 Proniosomes have potential for entrapping both hydrophilic and hydrophobic drugs. 

 Degradation of the drug by hydrolysis or oxidation is usually seen in liposomes which can 

be avoided by proniosomes. 

 Ease of storage and handling, no special condition is required. 

 A problem of physical stability such as sedimentation, aggregation, fusion and leakage on 

storage is not seen. 

 Shows controlled and sustained release of drugs due to depot formation. 

 Biodegradable, biocompatible and non-immunogenic to the body. 

 Proniosomes improve bioavailability of the drug as well as reduce its side effects. 
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 These can be converted into niosomes upon hydrating with hot aqueous medium, but formed 

niosomes are more uniform in size than conventional niosomes. 

 Moreover, unacceptable solvents are avoided in proniosomal formulations. The systems can 

also be formulated into transdermal patches and doesn’t require the dispersion of vesicles 

into polymeric matrix. 

1.7.3. PREPARATION OF PRONIOSOMES
35

: 

Proniosomes is composed of number of components with non-ionic surfactants and 

cholesterol, lecithin being the main ingredient. Maltodextrin, mannitol, sorbitol etc are used as 

carrier in the preparation of proniosomes and they should be safe, non-toxic, free flowability, 

poor solubility in the loaded mixture solution and good water solubility for ease of hydration. 

Different carriers, non-ionic surfactants and membrane stabilizers used for the proniosomal 

preparation are shown in table below. 

Table 3: Commonly used materials for proniosomal formulation 

Class Example Uses 

Surfactants Span 20, 40, 60, 80, 85, 

Tween 20, 40, 80 

To increase drug flux 

across the skin. 

Stabilizers Cholesterol To prevent leakage of drug 

formulation. 

Soya lecithin, Egg lecithin Penetration enhancer 

Carriers 

 

Maltodextrin Provides flexibility in 

surfactant and other 

component ratio. 

Sorbitol Alters the drug distribution. 

 

Alcohol Ethanol, methanol, Isopropyl 

alcohol, Chloroform 

For providing the softness for 

vesicle membrane as a 

penetration enhancer. 
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Proniosomal formulations may be prepared by any of the following methods. 

 Slurry method 

 Coacervation phase separation method 

 Slow spray-coating method 

Slurry method
38

: 

In slurry method stock solution of non-ionic surfactants and stabilizers were dissolved in 

methanol: chloroform (1:2) solution. It was then added to a 100ml round bottom flask containing 

the maltodextrin carrier. Then required volume of stock solution and drug was added to a 100ml 

round flask containing maltodextrin carrier. Additional methanol: chloroform solution added to 

form slurry in case of lower surfactant loading. The flask was attached to a rotary flash 

evaporator to evaporate solvent at 60 to 70 rpm, a temperature of 45 ± 2ºC and a reduced 

pressure of 600mmHg until the mass in the flask had become a dry, free flowing product. These 

materials were further dried overnight in a desiccator under vacuum at room temperature. This 

dry preparation was referred to as proniosomes and was used for further study of powder 

properties. Proniosomes are stored in a tightly closed container in refrigerator at 4
0
C temperature 

until further evaluated.
 

Coacervation phase separation method
39

: 

This method is widely adopted to prepare proniosomal gel. Precisely weighed amounts of 

surfactant, lipid and drug are taken in a clean and dry wide mouthed glass vial of 5.0 ml capacity 

and alcohol (0.5 ml) is added to it. After warming, all the ingredients are mixed well with a glass 

rod; the open end of the glass bottle is covered with a lid to prevent the loss of solvent from it 

and warmed over water bath at 60-70°C for about 5 min until the surfactant mixture is dissolved 

completely. Then the aqueous phase is added and warmed on a water bath till a clear solution 
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was formed which is then converted into proniosomal gel on cooling. The gel so obtained is 

preserved in the same glass bottle in dark conditions for further studies.
 

Slow spray-coating method
40

: 

    This method is simple and suitable for hydrophobic drug without concerns of instability or 

susceptibility of active pharmaceutical ingredient to hydrolysis. This method involves 

preparation of proniosomes by spraying surfactant in organic solvent onto sorbitol powder and 

then evaporating the solvent. Because the sorbitol carrier is soluble in the organic solvent, it is 

necessary to repeat the process until the desired surfactant loading has been achieved. The 

surfactant coating on the carrier is very thin and hydration of this coating allows multilamellar 

vesicles to form as the carrier dissolves. The resulting niosomes are very similar to those 

produced by conventional methods and the size distribution is more uniform. It is suggested that 

this formulation could provide a suitable method for formulating hydrophobic drugs in a lipid 

suspension without concerns over instability of the suspension or susceptibility of the active 

ingredient to hydrolysis. 

1.7.4. CONVERSION OF PRONIOSOMES INTO NIOSOMES
40

: 

The niosomes can be prepared from the proniosomes by adding the aqueous phase with the 

drug to the proniosomes with brief at a temperature greater than the mean transition phase 

temperature of the surfactant. 

                                T > Tm 

Where, 

T = Temperature.  

Tm = mean phase transition temperature. 
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Figure 6: Formation of niosomes from proniosomes 

This provides rapid reconstitution of niosomes with minimal residual carrier. Slurry of 

maltodextrin and surfactant was dried to form a free flowing powder, which could be rehydrated 

by addition of warm water. 

1.7.5. CHARACTERIZATION OF PRONIOSOMES: 

 Proniosomes are characterized for vesicle size, size distribution, shape, surface morphology. 

a) Vesicle size analysis
41

: 

Hydration of proniosomal gel of Candesartan cilexetil (100mg) can be done by adding 10 ml 

of phosphate buffer of pH 6.5 containing 0.35% tween in a small glass vial with occasional 

shaking for 10min. After hydration, the dispersion of niosomes was observed under optical 

microscope at 40 x magnification. The sizes of 100-200 vesicles were measured using a 

calibrated ocular and stage micrometre fitted in the optical microscope.
 

b) Scanning electron microscopy
42

: 

The shape and surface morphology of proniosomes is studied using scanning electron 

microscopy. The niosomes formed from the hydration of proniosomes gel were mounted on an 

aluminium stub with double-sided adhesive carbon tape and excess gel was removed.              

The aluminum stub was placed in the vacuum chamber of a scanning electron microscope 

equipped with a digital camera at 10kV accelerating voltage. 
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c) Determination of pH
34

:  

The proniosomal gel is made into niosomal suspension. Then pH of gel is determined using a 

calibrated pH meter. The readings were taken for average of three samples. 

d) Viscosity and rheological studies
31

: 

Brookfield viscometer can be used for the determination of viscosity and rheological 

properties of Candesartan proniosomal gel using spindle no T-96. The gels are rotated at 0.5, 

1, 1.5, 2 and 2.5 rotations per minute. The viscosity of gel is measured at different angular 

velocities at a temperature of 37°C. The averages of two readings were used to calculate the 

viscosity. 

e) Entrapment efficiency
34, 43

: 

Percentage encapsulation efficiency was determined by centrifugal method. The                      

proniosomal gel (0.2g) was reconstituted with 10ml of phosphate pH 6.5 containing 0.35% 

tween 20 in glass tube. The aqueous suspension was sonicated in a bath sonicator for 15 min. 

The Candesartan cilexetil containing niosomes were separated from unentrapped drug by 

centrifugation at 1800 rpm for 40 min at 20 
0
C. The supernatant was taken and diluted 

solvent and free drug concentration in the resulting solution was assayed by UV 

spectroscopic method at 257nm. The percentage of drug encapsulation was calculated by the 

following equation.
 

 

 

Where,   

Ct is the concentration of total drug.  

Cf is the concentration of free drug.  

EE (%) = [(Ct – Cf)] × 100 
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1.7.6. APPLICATION OF PRONIOSOMES: 

Drug Targeting
40

: 

Proniosomes has the ability to target drugs and can be used to target drugs to the reticulo-

endothelial system. The reticulo-endothelial system (RES) preferentially takes up proniosome 

vesicles. The uptake of proniosomes is controlled by circulating serum factors called opsonins. 

These opsonins mark the proniosome for clearance. Such localization of drugs is utilized to treat 

tumours in animals known to metastasize to the liver and spleen. This localization of drugs can 

also be used for treating parasitic infections of the liver.  

Anti-neoplastic Treatment
40

: 

Antineoplastic drugs are cytotoxic drugs and produce several side effects. Proniosomal 

formulation can reduce the side effects of these drugs by altering the metabolism through 

prolong circulation and half-life of the drugs. 

Antiparasitic treatment
44

:  

Leishmaniasis is a disease in which a parasite of the genus leishmania invades the cells of the 

liver and spleen. Commonly prescribed drugs for the treatment are derivatives of antimony 

(antimonials), which in higher concentrations can cause cardiac, liver and kidney damage.       

One study shows that the proniosomes containing sodium sitbogiuconate showed greater efficacy 

in treatment as well as lower the side effects.  

Delivery of antidiabetic drug
12

: 

Proniosomal formulation of an antidiabetic drug Glipizide was developed and used for oral 

delivery. 
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Delivery of peptides
40

:  

Presence of hydrolytic enzymes and a variety of pH system made oral route an inappropriate 

route for delivery of peptides. Use of niosomes successfully protects peptides from 

gastrointestinal breakdown. 

Uses in studying Immune response
40

:  

Proniosomes exhibited immunological selectivity, low toxicity and greater stability, which 

make them suitable in studying immune response. Niosomes are being used to study the nature 

of the immune response provoked by antigens. 

Carriers for haemoglobin
40

: 

Some of the report states that niosomes can be used as carrier for haemoglobin within the 

blood and also suggested that proniosomal vesicles are permeable to oxygen. Hence proniosomal 

vesicles can act as a carrier for haemoglobin in anaemic patients. 

Proniosomes used in cardiac disorders
45

:  

Proniosomal carrier system of captopril for the treatment of hypertension using 

coacervation-phase separation method has been developed. Such proniosomal formulation is 

capable of delivering entrapped drug over an extended period of time. 

Localized drug action
40

: 

A localized drug action result in enhancement of efficacy of potency of the drug and at the 

same time reduces dose as well as its systemic toxic effects. The evaluation of niosomal drug 

delivery technology is still at an infancy stage, but this technology has shown promising result in 

cancer chemotherapy and anti- leishmanial therapy. 

 

 



CHAPTER 1                                                                                  INTRODUCTION 

 

Dept. of Pharmaceutics, SAC College of Pharmacy, B.G Nagara. Page 28 

 

1.8. An overview on hypertension: 

Cardiovascular diseases are one of the life threatening diseases of mankind and hypertension 

is one of them, which required constant care and monitoring. It is well known that hypertension 

is a major risk factor for congestive failure as well as coronary artery disease. The risk of 

congestive heart failure may be reversed during the control of hypertension
46

.  

 Hypertension is a common disease in industrialised country and accounts for 6% of death 

worldwide. An elevated arterial blood pressure is a major problem, particularly in developed 

countries. It is very essential to control the hypertension and maintain sufficient blood flow to the 

heart in order to reduce the morbidity and also make the patient to live their normal life. The 

conventional treatment of chronic illnesses like diabetes, hypertension etc ironically sometimes 

disturbs the normal rhythm of the life. The ultimate aim of each and every therapy is to restore 

the normalcy of life without any affects to patient and carer. Conventional dosage forms cause 

fluctuation of drug level in the plasma and hence, certain adverse effects are seen. Therefore the 

success of any therapy depends up on the dosage form of the drug which maintains constant drug 

plasma levels
47, 48

. 

 

Figure 7: Main complications of Hypertension 
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Blood pressure is continuously distributed in the population and there is no clear cut-off 

point between hypertensive and normotensive subjects, although a figure of systolic/diastolic 

blood pressure of 140/90 mmHg is considered the upper limit of ‘normal’. The complications of 

hypertension include stroke, myocardial infarction, heart failure, renal failure and dissecting 

aortic aneurysm and the risk of cardiovascular disease doubles for 20/10mmHg raise in blood 

pressure. The World Health Organization reported that suboptimal blood pressure (SBP > 115 

mmHg) is responsible for 62% of all cerebrovascular diseases and 49% of all ischemic heart 

diseases
49, 50

. 

1.8.1. CLASSIFICATION OF HYPERTENSION
51, 52 

Hypertension can be classified either essential (primary) or secondary.  

 Essential / primary hypertension indicates that no specific medical cause can be found to 

explain a patient’s condition where cause for the increase in blood pressure is unknown. 

 Secondary hypertension indicates that the increase in blood pressure is a result of (i.e., 

secondary to) another condition, such as kidney disease or tumors (Pheochromocytoma and 

Paraganglioma) in which definite cause for the increase in blood pressure is unknown. 

Secondary hypertension comprises 5-10% cases of hypertension. 

Both essential and secondary hypertension may be benign or malignant. 

 Benign hypertension is moderate elevation of blood pressure where the blood pressure rises 

slowly over the years. About 90% patients of hypertension have benign hypertension. 

 Malignant hypertension is marked and rapid increase of blood pressure to 200/140mm Hg. 

Less than 5% of hypertensive patients develop malignant hypertension and life expectancy 

after diagnosis in these patients is less than 2 years if not treated effectively. 

 

http://en.wikipedia.org/wiki/Kidney_disease
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Table 4: Clinical classification of Hypertension 

Category 
 

Systolic 

(mm of Hg) 
 

Diastolic 

(mm of Hg) 

   Nor mal >130 <85 

High Normal 130-139 85-89 

Hypertension 
 

Mild stage 

(stage 1) 
140-159 90-99 

Moderate 

(stage 2) 
160-179 100-109 

Severe 

(stage 3) 
180-209 110-119 

Very sever 

(stage 4) 
>210 >120 

Malignant  

Hypertension 
>200 >140 

 

1.8.2. Etiology and Pathogenesis of Hypertension: 

Normal blood pressure is regulated by two haemodynamic forces and alteration of these 

forces would cause hypertension. 

1) Cardiac output 

2) Total peripheral vascular resistance 

 

Figure 8: Factors of hypertension 
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 Factors responsible for causing essential hypertension are as follow:  

1. Genetic factors 

2. Racial factors 

3. Risk factors modifying the course 

1. Genetic factors: The role of familial aggregation, occurrence in twins has long been 

suspected. 

2. Racial and environmental factors: higher incidence of essential hypertension is in blacks 

than in white people. A number of environmental factors like obesity, skilled occupation, salt 

intake, higher living standards and high stress have been implicated in the development of 

hypertension. 

3. Risk factors: The essential hypertension that begins in the middle life of an individual is 

modified by a number of factors, which includes: 

a) Age 

b) Sex 

c) Smoking habit 

d) Obesity 

e) Excess of alcoholic intake 

f) Diabetes mellitus 

 Factors responsible for causing secondary  hypertension are as follows:  

1. Hypertension due to endocrine problems 

2. Hypertension due to renal problems 

3. Hypertension associated with coarctation of aorta 

4. Neurogenic causes 



CHAPTER 1                                                                                  INTRODUCTION 

 

Dept. of Pharmaceutics, SAC College of Pharmacy, B.G Nagara. Page 32 

 

1.8.3. Pathophysiology of Hypertension
53

: 

The pathogenesis of essential hypertension is still unknown. Earlier days it was suggested 

that renal sodium retention, expanded vascular volume, increasing cardiac output etc which led to 

increased vascular resistance. Later, it was suggested that sympathetic nervous system plays 

primary role. Syndrome X relationship gives that hypertension is mainly related to obesity, insulin 

resistance, glucose intolerance and hyperinsulinemia. 

1.8.4. Diagnosis
53

: 

     The diagnosis of hypertension is based on repeated and reproducible measurements of 

elevated blood pressure. It serves primarily as prediction of consequences for the patient and later 

includes a statement about the cause of hypertension. Its diagnosis depends mainly on 

measurements of blood pressure and not on symptoms reported by patients. 

1.8.5. Treatment
53

: 

The first step in treatment of hypertension may be non-phamacologic which includes 

sodium restriction, weight reduction in obese patients. Pharmacologic management includes a 

single drug for mild hypertension while for moderate to serve hypertension a combination of two 

or more drugs. 

1.8.6. Classification of Antihypertensive agents
54

: 

i. Diuretics 

eg. Chlorthalidone, Clopamide, Indapamide 

ii. ß-Adrenergic blockers 

eg. Acebutolol, Atenolol, Metoprolol, Propranolol, Timolol 

iii. à-Adrenergic blockers 

eg. Terazosin, Prazosin, Doxazosin 
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iv. à + ß Adrenergic blockers 

eg. Labetalol, Carvedilol 

v. ACE  inhibitors 

eg. Perindopril, Captopril, Enalapril, Lisinopril, Fosinopril, Trandolapril, Benazepril 

vi. Calcium channel blockers 

eg. Amlodipine, Felodipine, Nifedipine, Nimodipine, Verapamil 

vii. Vasodilators 

eg. Hydralazine, Minoxidil, Sodium nitroprusside 

viii. Angiotensin-II receptor antagonists 

eg. Candesartan, Losartan, Valsartan, Olmesartan  

ix. Central sympatholytics 

eg. Clonidine, Methyldopa 

1.8.7. Mechanism action of  an anti-hypertensive drug: 

 

 

Figure 9: Mechanism of action of an anti-hypertensive drug 
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2. OBJECTIVES 

NEED FOR THE STUDY: 

The main aim of the present research work is to increase the bioavailability of 

Candesartan Cilexetil by proniosomal formulation. Drug carriers like liposomes and 

niosomes have shown advantages such as being cheap and chemically stable but they are 

associated with physical stability problems such as fusion, aggregation, sedimentation and 

leakage on storage. Traditional methods which are used for preparation of liposomes and 

niosomes are time consuming and also required highly specialized equipment’s.  

In order to avoid these problems proniosomes might be an attractive alternative of 

niosomes and liposomes. Proniosomes could be hydrated immediately before use, thus would 

avoid many of the problems associated with aqueous niosomal dispersions and problems of 

physical stability. The additional convenience of the transportation, distribution, storage and 

dosing would make proniosomes a promising industrial product. 

      Candesartan cilexetil is prodrug of potent, long-acting and selective angiotensin (II) type-1 

receptor (AT1) antagonist, Candesartan. Candesartan cilexetil is used for the treatment of 

hypertension and characterized by its good efficacy and fewer side effects compared to other 

angiotensin (II) receptor antagonist. Candesartan cilexetil is metabolised completely by 

esterases in the intestinal wall during absorption. Its half-life is 7-8 hrs and having oral 

bioavailability of 15%. 

OBJECTIVES OF STUDY: 

        The objective of the present research work is to prepare proniosomal formulation of 

Candesartan Cilexetil by using slurry method. The objective will be achieved through the 

following plans of works. 

 Assay of pure drug (Candesartan Cilexetil). 

i. Solubility studies. 

http://en.wikipedia.org/wiki/Esterase
http://en.wikipedia.org/wiki/Intestine
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ii. Determination of calibration curve of Candesartan Cilexetil in 0.1N NaOH. 

 To develop proniosomal powder of Candesartan Cilexetil using the certain carriers and 

stabilizers. 

 To formulate proniosomal gel of Candesartan Cilexetil using carbapol as gelling agent.  

 To evaluate prepared proniosomal gel of Candesartan Cilexetil for the following 

parameters.  

i. Compatibility studies using FT-IR. 

ii. Determination of pH. 

iii. Viscosity and rheology. 

iv. Determination of drug content uniformity. 

v. To determine gel strength, spreadability. 

vi. Optical microscopy. 

vii. Entrapment efficiency. 

viii. Scanning electron microscopy for surface morphology of proniosomal vesicles.  

ix. In-vitro diffusion studies.  

x. In-vitro skin permeation studies using Albino rat skin. 

xi. To perform in-vitro drug release kinetics studies in best formulation. 

xii. To perform stability studies of optimized formulations. 

 To perform in-vivo bioavailability studies using animal plasma and calculates for the 

following parameters. 

i. Cmax and Tmax. 

ii. Area under curve. 

iii. Elimination rate constant (KE). 

iv. Elimination half-life (t1/2). 

v. Relative bioavailability. 
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3. REVIEW OF THE LITERATURE 

Agaiah GB et al.,
 55

 developed proniosomal system of Megesterol wherein either Megesterol 

or cholesterol and Megesterol were combined with span 20 to form a provesicular system by 

slurry method. The various proniosomal systems were developed using span 20: Megesterol 

(50:50%), span 20: Megesterol (70:30%), span 20 50% and 50% Megesterol + cholesterol 

(50:50), and span 20, 70% and 30% Megesterol + cholesterol (50:50). Out of all the 

compositions the one with 70% span 20 and 30% Megesterol: cholesterol (50:50) exhibited 

slower release. A decrease in size and zeta potential was observed with increase in tween 80 

concentration. All other compositions have enhanced the release to significant extent. 

Sudhamani T et al., 
56

   prepared Ibuprofen proniosomes by slurry method. In this method 

drug, non-ionic surfactant (span 60) and cholesterol were mixed in organic solvent and 

added to maltodextrin carrier and a total number of nine formulations were prepared. 

Ibuprofen was successfully entrapped within the lipid bilayer of the vesicles with high 

efficiency and it released the drug for an extended period of time which results in reducing 

the side effects related to GI irritation. The proniosome formulation was evaluated by FT-IR 

for compatibility study and scanning electron microscopy (SEM) for surface morphology. 

Among all 9 formulations, the best formulation F4 showed higher percentage of entrapment 

efficiency (96.57%) and in-vitro drug release (92.16%). The SEM analysis has showed 

smooth surface of proniosome. Kinetic analysis showed that the drug release follows        

non-Fickian release. Proniosome formulation has shown appropriate stability for 60 days by 

storing the formulations at different storage conditions. 

Ajay BS et al.,
 38 

investigated the combined influence of 3 independent variables in the 

preparation of Piroxicam proniosomes by the slurry method. They used a 3-factor, 3-level 

Box-Behnken design to derive a second order polynomial equation and construct contour 

plots to predict responses. The independent variables selected were molar ratio of            
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Span 60: cholesterol (X1), surfactant loading (X2), and amount of drug (X3). They prepared 

fifteen batches and evaluated for percentage drug entrapment (PDE) and vesicle size. 

Contour plots were constructed to show the effects of X1, X2 and X3 on the PDE. A model 

was validated for accurate prediction of the PDE by performing check point analysis.       

The computer optimization process and contour plots predicted the levels of independent 

variables X1, X2, and X3 (0, -0.158 and -0.158 respectively), for maximized response of PDE 

with constraints on vesicle size. The Box-Behnken design demonstrated the role of the 

derived equation and contour plots in predicting the values of dependent variables for the 

preparation and optimization of Piroxicam proniosomes. 

Ajay S et al.,
 57

 characterized and optimized Aceclofenac proniosomes using central 

composite design and carried out stability studies. They selected three independent variables 

molar ratio of drug to lipid (X1), surfactant loading (X2) and volume of hydration (X3). Based 

on central composite design, they prepared 16 batches of proniosomes by slurry method and 

evaluated for the percentage drug entrapment (PDE) and mean volume diameter. The PDE, 

mean volume diameter (dependent variables) and the transformed values of independent 

variables were subjected to multiple regressions to establish a second order polynomial 

equation. From the computer optimization process and contour plots, predicted levels of 

independent variables X1, X2, and X3 (-0.77, -0.8 and 0 respectively), for an optimum 

response of PDE with constraints on mean volume diameter were determined. The stability 

study showed that proniosomes stored in refrigerator and at room temperature were found to 

be stable. It was observed that there was no change in colour of the proniosomes during the 

storage period. 

Mahmoud M et al.,
 10 

developed proniosomal gels and solutions of Flurbiprofen based on 

span 20, span 40, span 60 and span 80, with and without cholesterol. They studied influence 

of different processing and formulation variables such as surfactant chain length, cholesterol 
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content, drug concentration, total lipid concentration, negatively or positively charging lipids, 

and pH of the dispersion medium on Flurbiprofen percentage encapsulation efficiency and 

also, they studies release of prepared proniosomes in phosphate buffer (pH 7.4). Results 

indicated that the percentage encapsulation efficiency followed the trend Span 60 >Span 40 

>Span 20 >Span 80. Cholesterol increased or decreased the percentage encapsulation 

efficiency depending on either the type of the surfactant or its concentration within the 

formulae. The maximum loading efficiency was 94.61% when the hydrating medium was 

adjusted to pH 5.5.  

Gupta A et al.,
 45

 developed a proniosomal carrier system for Captopril by transdermal drug 

delivery system using various ratios of sorbitan fatty acid esters, cholesterol and lecithin 

prepared by coacervation-phase separation method. AGL2 showed a controlled release 

property from 10 to 24 hrs. The cumulative release was found to be 189.44 µg/cm
2
 and 

223.54 µg/cm
2
 at 10

th
 and 24

th
 hr respectively. The release rate was constant from the 10

th
 to 

24
th

 hr. Thus the formulation exhibited zero order release over this period. The method of 

proniosome loading resulted in an encapsulation yield of 66.7-78.7%. Proniosomal gel 

possessed high entrapment efficiency and utilizes alcohol, which itself can act as a 

penetration enhancer. At refrigerated conditions, higher drug retention was observed.    

Chintankumar JT et al.,
 58 

prepared Aceclofenac loaded maltodextrin based proniosome by 

slurry method with different surfactant to cholesterol ratio. The proniosome formulation were 

evaluated by FT-IR for compatibility study, angle of repose and scanning electron 

microscopy (SEM) for surface morphology. Aceclofenac showed IR absorption at  717.47 

cm
-1

 (C-H) bending, 1282.57 cm
-1

 and 1244.29 cm
-1

 (C-N) stretching, 1417.58 cm
-1

 (O-H 

bending in carboxylic acid),1716.53 cm
-1

 (C-O) stretching. The result from SEM analysis has 

showed smooth surface of proniosome. The formulation F4 which showed higher entrapment 

efficiency of 83.24±1.34 and in-vitro release of 97.122% at the end of 24 hrs was found to be 
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best among the all 7 formulation. Release was best explained by the zero kinetics.         

Kinetic analysis showed that the drug release follows super case II transport diffusion. 

Proniosome formulation has showed appropriate stability for 90 days by storing the 

formulation at refrigerated condition. 

Tamizharasi S et al.,
 13 

described the preparation of Indomethacin loaded maltodextrin based 

proniosome by slurry method with different surfactant to cholesterol ratio. Prepared 

proniosomes were optimized for highest percentage drug entrapment. They confirm all 

particles are uniform in size and shape through microscopy and entrapment efficiency was 

determined by separating the untrapped drug using dialysis. The in-vitro release studies of 

drug from niosomes exhibited a prolonged release as studied over a period of 24 hrs. On the 

basis of in-vitro characterization, the niosome showing maximum entrapment and suitable 

release rate were selected for in-vivo performance evaluation. They concluded that the 

niosomal formulation could be a promising delivery system for Indomethacin with improved 

bioavailability and prolonged drug release profile. 

Chandra A et al.,
 59

 prepared Piroxicam proniosome by conventional technique and 

employing maltodextrin and sorbitol as base. The experimental results suggest that either the 

vesicles fuse with the intercellular lipid of the stratum corneum and transfer the drug from 

vesicles to the skin and/or there might be penetration enhancement due to surfactants.        

The morphology of the proniosomes was studied by scanning electron microscopy. The result 

revealed that span 60 based formulations produced vesicles of smallest size and higher 

entrapment efficiency. Incorporation of lecithin further enhanced entrapment efficiency. 

Further they investigated permeation of Piroxicam from proniosome based reservoir type 

transdermal gel formulation across excised rat abdominal skin Keshery Chein diffusion cell 

and  prepared  proniosomes exhibited maximum flux of 35.61g/cm
2
/hrs, an enhancement of 

7.39 times was achieved for transdermal system based on proniosomal gel as compared to 
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control gel. The in-vivo anti-inflammatory studies revealed that proniosome based 

transdermal drug delivery system of Piroxicam were promising carriers for delivery of 

Piroxicam. 

Akhilesh D et al.,
 60

 prepared Gliclazide loaded maltodextrin based proniosomes by slurry 

method with different ratio of surfactant to cholesterol. In the FT-IR study all characteristic 

peaks due to pure were appeared in cholesterol maltodextrin based proniosome spectra, 

which shows no interaction between drug and other excipients. In this study entrapment 

efficiency and release rate are found to be cholesterol: surfactant ratio dependent. 

Formulation F4 containing surfactant: cholesterol in 15:1 ratio showed higher entrapment 

efficiency (81.28%) and 98% of drug release at the end of 24 hrs. Scanning electron 

microscopy (SEM) study revealed that the coating of surfactant on the maltodextrin powder 

is uniform, such smooth and uniform coating allow for rapid and consistent hydration.    

Angle of repose measurements indicated that the fluidity of proniosomes dry powder is equal 

to or better than that of maltodextrin powder.  

Raja K et al., 
61 

prepared Glipizide loaded maltodextrin based proniosome by slurry method 

with different surfactant to cholesterol ratio. The proniosome formulations were evaluated by 

FT-IR for compatibility study, angle of repose for flow properties and scanning electron 

microscopy for surface morphology. Angle of repose showed that the prepared proniosome 

formulations have appreciable flow properties. The result from scanning electron microscopy 

analysis has confirmed the coating of surfactant on the surface of carrier. The niosomal 

suspensions were further evaluated for entrapment efficiency, in-vitro release study, kinetic 

data analysis, stability study and in-vivo hypoglycemic study. Among all seven formulations, 

formulae F4 showed higher entrapment efficiency of 84.25% and in-vitro drug release of 

99.23% at the end of 24 hrs. Release was best explained by the zero order kinetics and it 
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followed super case-II diffusion mechanism. Proniosome formulation has showed appropriate 

stability for 90 days by storing the formulation at refrigerated condition. 

Akhilesh D et al.,
 62

 developed Glipizide loaded sorbitol, maltodextrin and mannitol based 

proniosome by slurry method with different ratio of surfactant to cholesterol. These 

proniosome-derived niosomes are as good as or even better than conventional niosomes.    

The proniosome formulations were evaluated for FT-IR study for compatibility study, angle 

of repose for flow properties and scanning electron microscopy for surface morphology.    

The niosomal suspensions were further evaluated for entrapment efficiency. Release was best 

explained by the zero order kinetics. Kinetic analysis showed that the drug release follows 

super case II transport diffusion. The formulation F4 containing maltodextrin showed higher 

entrapment efficiency of 82.64 ± 1.25 and in-vitro release of 98% at the end of 24 hrs was 

found to be best among all formulations. Maltodextrin based proniosome formulation has 

showed appropriate stability for 90 days by storing the formulation at refrigerated condition. 

Mittal S et al.,
 43

 formulated transdermal Candesartan cilexetil proniosomal gels by using 

lecithin, cholesterol as encapsulating agents, spans (span 20, span 40 and span 80) as         

non-ionic surfactant and permeation enhancers by coacervation phase separation method.            

In the present study it was observed that the gel formulations showed good spreadability and 

viscosity. The particle size was found to be in the range of 175.0- 277.7 nm.         

Formulation AH2 containing span 20 and span 60 in 1:1 ratio showed higher percentage of 

entrapment efficiency (78.71%) and in-vitro drug release. All formulations showed zero order 

drug release by diffusion mechanism. The stability studies showed that proniosomal gels 

were stable at 4
o
 to 8

o
C and 25±2

o
C. The above results indicated that the proniosomal gel 

could be formulated for controlled release of Candesartan cilexetil. The investigated 

Candesartan cilexetil loaded proniosomal formula proved to be non-irritant and possess 

significantly higher antihypertensive effects. 
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Devi SA et al.,
34

 prepared transdermal proniosomal gel of Candesartan cilexetil by 

coacervation phase separation method by using different surfactants (spans and tweens), 

cholesterol and soya lecithin in 9:1:9 and 9:2:9 ratios. The obtained results showed that 

Candesartan cilexetil in all the formulations was successfully entrapped and encapsulation 

efficiency of Candesartan cilexetil was altered by varying the type of surfactant and 

cholesterol content. Encapsulation efficiency proniosomes formed from spans was higher 

compared with proniosomes prepared from tweens. Formulae PNF7 containing span 60, 

cholesterol and soya lecithin in 9:2:9 ratio was found to be optimized formulation. 

Formulation PNF7 showed higher percentage of encapsulation efficiency (92.29%) and drug 

release (95.89%). Vesicles formed with tweens were bigger in size then vesicles formed with 

spans. The results from stability studies showed that there was no significant change in 

vesicles size and encapsulation efficiency. 

Parthibarajan R et al.,
 64

 formulated four formulation of Methotrexate entrapped 

proniosomal powder by slurry method using cholesterol, span 80 and maltodextrin.    

Scanning electron microscopy confirmed that all particles are uniform in size and shape.   

The in-vitro release studies of Methotrexate from proniosomes exhibited a prolonged release 

as studied over a period of 24 hrs. Among all formulations formulae PRN2 showed higher 

drug entrapment efficiency 87%. All proniosomal formulation showed approximately 90% of 

drug release within the period of 24 hrs. Results from stability studies showed that the drug 

leakage from the vesicles was least at 4
 0

C followed by 37
 0

C. Thus, it can be concluded that 

the encapsulation of Methotrexate proniosomes are meant for targeted drug delivery thereby 

reduces the toxicity associated with conventional dosage forms. 

Thakur R et al.,
 65

 investigated the feasibility of proniosomes as transdermal drug delivery 

system for Losartan potassium. Non-ionic surfactants, such as span 20, span 40, span 60,      

span 80, tween 80, tween 20, and tween 40 were used to prepare proniosomes.                  
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They prepared seven different formulation of Losartan potassium proniosomal gel using 

HPMC as gel base. Proniosomal formulation coded as PNG2 showed best in-vitro skin 

permeation profile in 24 hrs. The permeability parameters such as flux, permeability 

coefficient, and enhancement ratio were significant for PNG2 when compared with other 

formulations. Proniosomal transdermal therapeutic system (PNPH) gives better drug release 

and better permeation in a steady- state manner over a period of 24 hrs through rat skin. 

During in-vivo pharmacokinetic study formulae PNPH showed a significant increase in 

bioavailabity (1.93 times) compared with oral formulation of losartan potassium. 

Sundarapandian R et al., 
66 

formulated transdermal proniosomal gel of Atenolol by the 

coacervation-phase separation technique. Altogether ten formulations were prepared by using 

different grades of spans (non-ionic surfactants). The prepared formulations were evaluated 

for entrapment efficiency, vesicle size analysis, drug content estimation and drug release 

studies. Formulation A8 containing span 40 and span 60 showed vesicles of minimum size 

and higher entrapment efficiency compared to remaining formulations. Formulation A8 was 

found to be optimized formulation as it showed good release and permeation in a steady-state 

manner over a period of 24 hrs. Stability study result showed that the optimized formulation 

was found to be stable when stored at room temperature and refrigeration conditions for the 

period of 90 days. 

Rishu K et al., 
67 

prepared non-ionic vesicles (proniosomes) of Valsartan, an angiotensin II 

receptor antagonist. The prepared formulations were evaluated for vesicles shape and size, 

encapsulation efficiency and in-vitro drug release. The results showed that drug was 

successfully entrapped in all formulation and a substantial change in release rate and an 

alteration in the encapsulation efficiency of Valsartan from proniosomes were observed upon 

varying concentration of non-ionic surfactant and cholesterol. Formulation code PN1 

containing 9:2:9 ratio of span 60, cholesterol and lecithin showed maximum encapsulation 
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efficiency (71.50%) compared to other formulations. Results obtained from scanning electron 

microscopy and transmission electron microscopy study showed niosomes prepared from 

proniosomal formulation are identified which were spherical and discreet with sharp 

boundaries having large internal aqueous space. Results from stability study showed that 

proniosomal formulation showed fairly high retention of Valsartan inside the vesicles at 

refrigerated temperature (4-8 ºC) up to 1 month. 

Cheriyan P et al.,
68

 prepared maltodextrin based proniosomes of Cefuroxime axetil by slurry 

method. A total of seven formulations were prepared by varying the concentration of 

surfactant (span 60) and lipid. The Cefuroxime axetil proniosomal powders were subjected to 

various evaluation techniques such as micromeretics properties, in-vitro release study, kinetic 

data analysis, ex-vivo permeation study and stability study. FT-IR study revealed that no 

interaction between drug and excipients. The mean particle size of proniosomes was found in 

the range of 10.23-22.25µm. Formulation PN4 containing surfactant: lipid in 1:1 ratio showed 

higher entrapment efficiency of 98.48% and cumulative percentage drug release. 
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4. MATERIALS AND METHODOLOGY 

 

4.1. MATERIALS: 

Table 5: List of chemicals used 

 

SL.NO INGREDIENTS SUPPLIERS 

1. Candesartan cilexetil Yarrow chem products, Mumbai, India 

2. Tween 60 S.D. Fine Chem. Ltd, Mumbai, India. 

3. Span 60 Rolex Laboratory, Mumbai. 

4. Cholesterol  Recheme Laboratory chemicals private 

limited, Chennai. 

5. Maltodextrin  Techno Scientific Products, Bangalore. 

6. Chloroform S.D. Fine Chem. Ltd, Mumbai, India. 

7. Methanol  S.D. Fine Chem. Ltd, Mumbai, India. 

8. Carbapol 934 S.D. Fine Chem. Ltd, Mumbai, India. 

9. Potassium dihydrogen 

phosphate 

S.D. Fine Chem. Ltd, Mumbai, India. 

10. Sodium hydroxide S.D. Fine Chem. Ltd, Mumbai, India. 

11. Soya lecithin  Yarrow chem products, Mumbai, India 

12. Acetonitrile  Avantor performance materials India Limited. 

 

 

 

 

 

 



CHAPTER 4                                                        MATERIALS AND METHOD 

 

Dept. of Pharmaceutics, SAC College of Pharmacy, B.G Nagara. Page 46 
 

DRUG PROFILE: 

CANDESARTAN CILEXETIL
69, 70, 71 

Molecular formulae: C33H34N6O6  

Molecular weight: 610.67 g/mol. 

Structural formula: 

 

Figure 10: Structure of Candesartan cilexetil 

Chemical name: (2-ethoxy-1-({4-[-2-(2H'-1, 2, 3, 4-tetrazol-5-yl) phenyl] phenyl} methyl) 

1H-1, 3 benzodiazole-7-carboxylic acid.  

Therapeutic category: Anti-hypertensive agent. 

                                       Angiotensin II receptor antagonists. 

                                       Angiotensin II type 1 receptor blocker. 

Description: Candesartan cilexetil occurs as white to off white crystals or a white crystalline 

powder. 

Solubility: Soluble in acetic acid, sparingly soluble in methanol, slightly soluble in ethanol, 

and practically in soluble in water.  

A solution of Candesartan cilexetil in methanol (1 in 100) shows no optical rotation. 

Melting point: 157-160 ºC 
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Partition coefficient (Coctanol/Caqueous): at pH 1.1, 6.9 and 8.9 is > 1000 indicating high 

hydrophobicity character. 

pKa Value: 6.0 

MECHANISM OF ACTION: 

        Candesartan cilexetil is a prodrug which is rapidly converted to the active drug, 

Candesartan, during absorption from gastrointestinal tract. Candesartan doesnot inhibit 

angiotensin converting enzyme (ACE), the enzyme that converts angiotensin I to angiotensin 

II and degrades bradykinin, nor binds to or block other hormones receptors or ion channels 

known to be important in cardiovascular regulation. Unlike, ACE inhibitor Candesartan is an 

angiotensin II receptor antagonist. Angiotensin II acts as a vasoconstrictor and also stimulates 

the release of aldosterone. Once aldosterone is released, sodium as well as water is 

reabsorbed which results elevation in blood pressure. Candesartan binds to the AT1 

angiotensin II receptor in many tissues, such as vascular smooth muscle and the adrenal 

gland. This binding prevents angiotensin II from binding to the receptor thereby blocking the 

vasoconstriction and the aldosterone secreting effects of angiotensin II. Action of 

Candesartan cilexetil is therefore independent of the pathways for angiotensin II synthesis.  

PHARMACOKINETIC PROFILE: 

ABSORPTION:  

Candesartan is poorly absorbed after administration, therefore the ester prodrug 

Candesartan cilexetil was prepared. This prodrug is rapidly and completely                

bioactivated by ester hydrolysis during absorption from the gastrointestinal tract to 

Candesartan. Food with a high fat content has no effect on absorption as well as 

bioavailability of Candesartan from Candesartan cilexetil. 
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DISTRIBUTION:  

The volume of distribution of Candesartan cilexetil is 0.13 L/kg. Candesartan is 

highly bound to plasma proteins (> 99%) and doesnot penetrate to the red blood cells. In 

animal study, it has been demonstrated that Candesartan crosses the blood-brain barrier 

poorly but it passes across the placental barrier and is distributed in the foetus. 

METABOLISM:  

Candesartan cilexetil is rapidly and completely bioactivated by ester hydrolysis during 

absorption to Candesartan. It also undergoes minor hepatic metabolism by O-deethylation to 

an inactive metabolite. In-vitro studies indicate that cytochrome P450 isoenzyme CYP2C9 is 

involved in the biotransformation of Candesartan to its inactive metabolite. 

EXCRETION:  

Candesartan mainly excreted unchanged form in urine and faces. When Candesartan 

cilexetil is administered orally, about 26% of the dose is excreted Candesartan in urine. 

Following an oral dose of 
14

C-labeled Candesartan cilexetil, approximately 33% of 

radioactivity is recovered in urine and approximately 67% in faces. Following an intravenous 

dose of 
14

C-labeled Candesartan, approximately 59% of radioactivity is recovered in urine 

and approximately 36% in faces. Biliary excretion contributes to the elimination of 

Candesartan. The elimination half-life of Candesartan is approximately 8-9 hrs. 

PHARMACODYNAMIC PROFILE:  

        Candesartan cilexetil inhibits the pressor effects of angiotensin II infusion in a dose-

dependent manner. After 1 week period of once-daily dosing with 8 mg of Candesartan 

cilexetil, the pressor effect was inhibited by approximately 90% for 24 hrs. Plasma 

concentrations of angiotensin I and angiotensin II, and plasma renin activity, increased in a 

dose dependent manner after single and repeated administration of Candesartan cilexetil to 

healthy subjects and hypertensive patients. Once-daily administration of 16 mg of 
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Candesartan cilexetil to healthy subjects did not influence plasma aldosterone concentrations, 

but decrease in the plasma aldosterone was observed when 32mg of Candesartan cilexetil was 

administered to hypertensive patients. 

USES: 

 Candesartan cilexetil is widely used for the treatment of hypertension and heart failure in 

clinical application. 

 Lowering high blood pressure helps prevent strokes, heart attacks, and kidney problems. 

 Candesartan cilexetil may also be used to protect the kidneys from damage due to 

diabetes. 

 Candesartan cilexetil is used to treat congestive heart failure. 

DOSE:  

 Adult dose of Candesartan cilexetil is 16mg once a day, dose can be increased or 

decreased based on the blood pressure response or Candesartan side effects. 

 It is available in 4mg, 8mg, 16mg, and 32mg dose for oral administration. 

EFFECTS ON OVER DOSAGE: 

The manifestation of over dosage with Candesartan cilexetil would be hypotension, 

dizziness, and tachycardia. If symptomatic hypotension occurs, supportive treatment should 

be instituted. Candesartan cannot be removed by haemodialysis. 

ADVERSE EFFECTS: 

CNS: Headache, dizziness, syncope, muscle weakness. 

Cardiovascular: Hypotension. 

Dermatologic: Rashes, dry skin, alopecia, inflammation, pruritus. 

Gastro-intestinal: Diarrhoea, abdominal pain, nausea, dry mouth, dental pain. 

Respiratory: Cough sinus disorders. 
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PRECAUTIONS: 

In pregnancy, angiotensin receptor (AT1) blockers can cause injury or even death of 

the developing foetus. Candesartan should be discontinued when pregnancy is detected.  

DRUG INTERACTIONS: 

Candesartan can potentially interact with a number of other drugs; some of them are as 

follows: 

 Diuretics: Diuretics like torsemide, furosemide, amiloride, spironolactone, have shown 

interactions with Candesartan cilexetil, the blood pressure may decrease too much. 

 Nonsteroidal Anti- Inflammatory Drugs: NSAID’s such as Celecoxib, Diclofenac, 

Ibuprofen, Naproxen cause interactions with Candesartan. 

 Potassium supplements and Lithium: When potassium supplements or lithium are 

given with Candesartan, the levels of these supplements in the blood may become too 

high. This can cause serious problems. 

Marketed brands: CANDELONG (Micro). 

                               CANDESAR (Ranbaxy). 

                               ATACAND (Astrazeneca). 

     BLOPRESS (Takeda). 
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POLYMERS PROFILE 

           Table 6: MALTODEXTRIN 
12, 72, 73 

Non-proprietary 

name 

BP: Maltodextrin 

PhEur: Maltodextrinum 

Synonyms Maltagran, Maltrin, Glucidex, Glister, Glucidex 47, Frodex 

Description It is a mixture of glucose, disaccharides and polysaccharides, 

obtained by the partial hydrolysis of starch. Maltodextrin occurs 

as non-sweet, odourless, white or yellow powder. 

Structural 

formula 

 

Chemical Name  Maltodextrin 

Empherical 

Formula 

C18H32O16 

Molar weight 900-9000 

Bulk density 0.25 – 0.40 g/cm
2 

Melting point 240 
º
C 

Solubility Slightly soluble to insoluble in anhydrous alcohol, freely soluble 

in water. 

Moisture content 5.00 max 

Enzyme activity Absent 

Total plate count 1500/g 

pH 4.5-6.5 
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Functional 

categories 

Coating agent; tablet and capsule diluent; tablet blinder; 

viscosity-increasing agent. 

Stability and 

storage conditions 

It is stable for at least one year when stored at a cool 

temperature and less than 50% relative humidity. It should be 

stored in a well-closed container in a cool, dry, place. 

Caution Keep away from water, direct sunlight and flames 

Incompatibilities Under certain pH and temperature conditions maltodextrin may 

undergo Millard reactions with amino acids to cause yellowing 

Safety It is generally regarded as a non-toxic and non-irritant material. 

Applications 

 

 It is used in tablet formulation as a binder and diluent in 

both direct compression and wet compression processes. 

 Maltodextrin is used as stabilizers. Therefore, can be 

used as foam stabilizer in beer making and gas making 

liquor making. 

  It is used as crystallization inhibitor. It is added in 

candies and half-soft sweets in order to prevent sweets 

appearing sand as well as extend the self-life. 

 Maltodextrin is used as carrier for spray- drying of active 

substances. 

 Maltodextrin possess good stability on emulsification 

and also used as coverer and absorbent in cosmetics for 

increasing luster and skin elasticity. 
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Table 7: CHOLESTEROL
72 

Non-proprietary 

name 

BP: Cholesterol 

PhEur: Cholesterolum 

Synonyms Cholesterin, cholesterolum. 

Description Cholesterol occurs as white or faintly yellow, almost odourless, 

pearly leaflets, needles, powder or granules.  

On prolonged exposure to light and air cholesterol acquires a 

yellow to tan colour. 

Structural 

Formula and 

chemical name 

 

Cholest- 5- en- 3β- ol 

Empherical 

formula 
C27H46O 

Molecular weight 386.67 

Density 1.052 g/cm
3
 

Melting point 147-150 
0
C 

Boiling point 360 ºC 

Solubility Cholesterol is soluble in chloroform, ether. 

It is practically insoluble in water. 

Functional 

categories 
Emollient, emulsifying agent. 

Stability and 

storage conditions 

It is stable and should be stored in a well-closed container, 

protected from light. 

Cautions  May be irritant to the eyes, so eye protection and a respirator 

are recommended. 

Incompatibilities Precipitated by digitonin. 

Applications Cholesterol is used in cosmetics and topical pharmaceuticals 

and has emollient activity. 

http://en.wikipedia.org/wiki/File:Cholesterol.svg
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Table 8: SORBITAN MONOSTEARATE
72, 74 

Non-proprietary 

name 

USPNF: Sorbitan monostearate 

Synonyms Ablunol S-60, 6-Octa deconoate, Arlaces 60, Span 60. 

Description Creamy solid with a distinctive odour and taste. Sorbitan esters are 

generally soluble or dispersible in oils. 

Structural 

Formula 

R
1 

= R
2
= OH, R3= R 

Chemical Name  Sorbitan mono-octadecanoate 

Empirical formula C24H46 O6 

Molecular weight 431 

Density 1.031 g/cm
3 

Melting point 53-57 ºC 

Solubility Soluble in water, ethanol, methanol, ethyl acetate and toluene, 

insoluble in mineral oil and petroleum ether. 

Functional 

categories 

Emulsifying agent, non-ionic surfactant, solubilizing agent, wetting 

and dispersing/suspending agent. 

Stability 

storage conditions 

Stable in weak acids or bases. 

Span 60 should be stored in a well-closed container in a cool, dry 

place. 

Cautions Eye protection and gloves are recommended. 

Incompatibilities Nil 

Safety Span 60 is regarded as non-toxic and non-irritant material.  

The WHO has set an estimated acceptable daily intake of span 60 up 

to 25mg/kg body-weight. 

Applications  Non-ionic surfactant, solubilizing agent, wetting agent, 

dispersing or suspending agent and emulsifying agents. 

 They are widely used in cosmetics, food product. 
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Table 9: POLYOXYETHYLENE SORBITAN MONOLAURATE
72, 75 

Non-proprietary 

name 

JP: Polysorbates 80 

PhEur: Polysorbatum 60 

 

Synonyms Capmul-POE-S, Crillet3, Durfax 60, Eumulgin SMS,         Tween 60, 

Polyoxyethylene 60 stearate. 

Description Yellow oily liquid. 

Structural 

Formula and 

Chemical name 

 

Polyoxyethylene 20 sorbitan monostearate 

Empirical formula C64H124O26 

Molecular weight 1312 

Density 1.08 g/cm
3
 

Solubility Polysorbates 60 are generally soluble in ethanol and water. They are 

insoluble in mineral and vegetable oil. 

Functional 

categories 

Emulsifying agent, non-ionic surfactant, solubilizing agent, wetting 

agent. 

Stability storage 

conditions 

Stable to electrolytes, weak acids and bases. 

It is hygroscopic and should be examined for water content prior to 

use and dried if necessary. 

Prolonged storage can lead to the formation of peroxides. 

Incompatibilities Discoloration or precipitation occur with various substances, 

especially with phenols, tannins, tars and tar like materials.  

Safety Polysorbates 60 is widely used in cosmetics, food products, and oral, 

parenteral and topical pharmaceutical formulations and is generally 

regarded as non-toxic and non-irritant material.  

Applications It is used as emulsifying agent, solubilizing agent, wetting agent, 

suspending agent. 
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Table 10: CARBOPOL
72, 76 

Nonproprietary 

names 

BP: Carbomer 

PhEur: Carbomera 

Synonyms Acritamer, acrylic acid polymer, carbomer. 

Description A fluffy, white, acidic, dry powder. 

Structural 

Formula and 

chemical name 

Carboxypolymethylene 

Empirical formula 【-CH2-CH-】N-COOH 

Molecular weight Approx. 3×10
6 

Density Bulk density: 1.76 g/cm
3
 

Tapped density : 1.4 g/cm
3
 

Melting point Decomposition occurs at 260°C. 

Viscosity 45,000 - 80,000 

Solubility Soluble in water and forms viscous colloidal solution, 

insoluble in alcohol, ether and chloroform, but soluble in 

ethanol and glycerin after neutralization. 

Functional 

categories 

Suspending and/ or viscosity increasing agent; tablet binder; 

coating agent; adhesive anhydrous ointment ingredient; film 

former; emulsion stabilize. 

Stability and 

Storage conditions 

Exposure to excessive temperatures can result in discoloration 

and reduced stability. Hence, stored in an airtight, corrosion-

resistant container in a cool, dry place. 

Incompatibilities Carbopol is discolored by resorcinol and are incompatible with 

phenol, cationic polymers, strong acids, trace of iron. 

Applications 

 

 Binder in tablet formulations and bio-adhesion in buccal, 

ophthalmic, intestinal, nasal, vaginal and rectal 

applications and permanent suspension in oral suspensions.  

 Thickening at very low concentrations to produce a wide 

range of viscosities and flow properties in topical gel. 
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Table 11: LECITHIN
72, 77, 78 

Non-proprietary 

name 

USPNF: Lecithin 

Synonyms Egg lecithin, LSC 6040, LSC 5050, soybean lecithin.  

Description Lecithin is odourless and possesses bland taste similar like 

soybean oil. Depending upon the free fatty acid content Lecithin 

is viscous semiliquid to powders. It is brown to light yellow in 

colour, depending upon whether they are bleached or unbleached 

or on the degree of purity.  

Structural 

Formula 

 

R
1 

and R
2
 are fatty acids which may be different or identical.

 

Chemical name  1,2-diacyl-sn-glycero-3-phosphocholine 

Density 0.97g/cm
3 

Solubility Soluble in aliphatic and aromatic hydrocarbons, halogenated 

hydrocarbons, minerals oil and fatty acids.  

Practically insoluble in cold vegetable and animal oils and water. 

Functional 

categories 

Emollient, emulsifying agent, solubilizing agent. 

Storage 

conditions 

Stored in well-closed containers protected from light and 

oxidation. 

Incompatibilities Incompatible with esterases, leads to hydrolysis. 

Applications  They are used in cosmetics and food products. 

 They are used in suppository bases to reduce the 

brittleness of suppositories and also used as dispersing, 

emulsifying and stabilizing agents  

 Lecithins are mainly used in pharmaceutical products as 

and also included in intramuscular and intravenous 

injections. 
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Table 12: TRIETHANOLAMINE
72 

Non-proprietary 

name 

BP: Triethanolamine 

PhEur: Trolaminum 

Synonyms TEA, Tealan, Triethyloamine, Trihydroxytriethylamine. 

Description Triethanolamine is a clear, colourless to pale yellow-coloured 

viscous liquid having a slight ammoniacal odour. 

Structural 

Formula 

 

Chemical name  2, 2’, 2”-Nitrilotriethanol 

Empirical 

formula 

C6H15NO3 

Molecular 

weight 

149.19 

Boiling point 335 ºC 

Melting point 20-21ºC 

Viscosity  590 cP at 30 ºC 

Solubility Miscible in acetone, methanol and water. 

Functional 

categories 

Alkalizing agent; emulsifying agent. 

Storage 

conditions 

It should be stored in an airtight container protected from light, 

in a cool, dry place. 

Incompatibilities Triethanolamine reacts with mineral acids to form crystalline 

salts and esters. 

It can react with reagents such as thionyl chloride to replace the 

hydroxyl groups with halogens and forms toxic substance.  

Applications  It is used in topical formulations primarily in the formation of 

emulsion and also used in sun-screen preparations, topical 

analgesic preparations and injectable solutions.  

 It is used in manufacturing of surfactants, waxes, toilet 

goods, herbicides. 
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4.2. INSTRUMENTS/ EQUIPMENTS: 

Table 13: List of instruments used 

SI. NO INSTRUMENTS MODEL/COMPANY 

1. Electronic analytical 

balances 

          Acculab Sartorius Group. 

2. UV- Visible 

spectrophotometer 

Spectrophotometer UV- 1800, Shimadzu, 

Japan. 

3. FTIR- spectrophotometer Tensor 27 Bruker 

4. Brookfield viscometer Model LVDV–E, USA 

5. pH meter  Techno scientific products, Bangalore, India. 

6. Stability chamber        

(106 Model) 

Labtop, Sky Lab Instruments and Engineering 

Pvt. Ltd, Mumbai, India. 

7. Magnetic stirrer with hot 

plate 

Techno scientific products, Bangalore, India. 

8. Centrifuge R-8C Centrifuge. 

9. Rotary flash evaporator Buchi rota evaporator, Singapore. 

10. Sonicator MAGNA-PAK-250, Libra Ultrasonic, India. 

11. Desicator PCI, Mumbai. 

12. Scanning electron 

microscope  

HITACHI, Japan. 

 

 



CHAPTER 4                                                        MATERIALS AND METHOD 

 

Dept. of Pharmaceutics, SAC College of Pharmacy, B.G Nagara. Page 60 
 

4.3. METHODOLOGY: 

Table 14: Selected excipients employed in proniosomal formulation preparation 

SL.NO EXICIPIENT FUNCTION 

1.  Maltodextrin Provides flexibility in surfactant and other component ratio 

2.  Cholesterol To prevent leakage of drug formulation 

3.  Soya lecithin Penetration enhancer 

4.  Span 60 To increase drug flux across the skin 

5.  Tween 60 To increase drug flux across the skin 

6.  Chloroform Solvent 

7.  Methanol Solvent 

4.3.1. PREFORMULATION STUDIES: 

 Analytical Method used in the determination of Candesartan cilexetil: 

     The UV spectrophotometric method was developed for the analysis of the drug using 

Shimadzu 1700 spectrophotometer. 

 Preparation of 0.1M sodium hydroxide (NaOH) solution: 

2gm of NaOH was dissolved in distilled water and final volume was made up to 

500ml with distilled water to get 0.1M NaOH. 

 Determination of λmax: 

100 mg of Candesartan cilexetil was accurately weighed and dissolved in 100 ml of 

0.1 M NaOH solution in volumetric flask. 10 ml of above solution was diluted with 100 ml of 

0.1 M NaOH solution (=10 μg/ml) in separate volumetric flask and scanned for maximum 

absorbance in UV double beam spectrophotometer (Shimadzu 1800) in the range from 200 to 

400 nm, using 0.1 M NaOH as blank. The λmax of the drug was found to be 257nm.  
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 Standard Curve for Candesartan cilexetil
79

: 

100 mg of Candesartan cilexetil was accurately weighed and dissolved 50 ml of 0.1 M 

NaOH. The solution was sonicated for 10 min and final volume was adjusted to 100ml to 

give stock solution-I (1000 μg/ml concentration). 10 ml of stock solution-I was placed in 100 

ml volumetric flask and volume was adjusted with 0.1 M NaOH to give stock solution-II of 

100µg/ml concentration. Stock solution-II was further diluted with 0.1 M NaOH to get 

working standard solution of 4, 8, 12, 16, 20, 24, 28 µg/ml of Candesartan cilexetil to 

construct Beer’s law plot for the pure drug. The absorbance of the solutions was measured at 

257 nm using UV-visible spectrophotometer. A graph of concentration vs absorbance was 

plotted.
                                                             

Solubility of Candesartan cilexetil
34

: 

The solubility of Candesartan cilexetil was determined in distilled water, different 

phosphate buffers (pH of 6.5, 6.8, and 7.4) and phosphate buffer of pH 6.5 containing 

different amount of tween 20 ( 0.3%, 0.35%, 0.4%, 0.5%). Briefly, an excess amount of 

Candesartan cilexetil was added to each vial containing 10 ml of selected solubilizer. The 

mixtures were subjected to the mechanical agitation for 24 hrs in isothermal shaker at 25
o
C 

±1
o
C followed by the filtration through Watmann’s filter paper prior to UV. Absorbance was 

taken at 257 nm by UV-Visible spectrophotometer. Calculate the drug content by using the 

standard graph. 

Melting point:  

Melting point of drug was determined by capillary method in triplicate.
  

 

 

 

 



CHAPTER 4                                                        MATERIALS AND METHOD 

 

Dept. of Pharmaceutics, SAC College of Pharmacy, B.G Nagara. Page 62 
 

4.3.2. Preparation of 6.5 pH phosphate buffer solution 

 Preparation of 0.2 M potassium di hydrogen phosphate
80

:
 
 

 

27.22g of potassium dihydrogen phosphate was weighed accurately, dissolved in little 

quantity of distilled water and final volume was made up to 1000 ml with distilled water to 

get 0.2M potassium dihydrogen phosphate. 

 Preparation of 0.2 M NaOH stock solution
80

:
 
  

8g Sodium hydroxide was weighed, dissolved and diluted up to 1000 ml with distilled 

water to get 0.2M sodium hydroxide solution.
 
50 ml of 0.2 M potassium dihydrogen 

phosphate solution was taken into a 200ml volumetric flask and 18.5 ml of 0.2 M sodium 

hydroxide was added and final volume was adjusted up to 200 ml with distilled water.     
 

 Compatibility study using FT-IR
81

:
 
 

Infrared spectroscopy was conducted using a Tensor 27 Bruker FT-IR and the spectrum 

was recorded in the region of 4000 to 400 cm-1. The procedure consisted of dispersing a 

sample (drug and drug-excipient mixture, 1:1 ratio) in KBr (200-400 mg) and compressing 

into discs by applying a pressure of 5 tons for 5 min in a hydraulic press. All spectra were 

collected as an average of three scans at a resolution of 2 cm
-1

.  The interaction between drug-

excipients was observed from IR‐Spectral studies by observing any shift in peaks of drug in 

the spectrum of physical mixture of drug. 
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4.4. FORMULATION DESIGN:  

Table 15: Composition design of proniosomal gel formulation of Candesartan cilexetil 

4.4.1. Preparation of Candesartan cilexetil Proniosomal Formulation
35, 56, 82

:
 
 

In the present research work slurry method was applied for the preparation of 

proniosome. Altogether nine different formulations were prepared by using different drug to 

carrier ratio. The prepared formulations were then dissolved in methanol: chloroform (2:1) 

solution. Then the physical mixtures and solvent were mixed thoroughly for about 10 min in 

sonicator.  

The solution was then added to a 100ml round bottom flask containing the     

accurately weighed maltodextrin carrier. Additional amount of solvent was added to form 

slurry in the case of lower surfactant loading. The flask containing physical mixture of drug 

SL.NO INGREDIENTS FORMULATION CODE 

A1 A2 A3 A4 A5 A6 A7 A8 A9 

1.  Candesartan 

cilexetil (mg) 

16 16 16 16 16 16 16 16 16 

2.  Maltodextrin  

(mg) 

500 500 500 500 500 500 500 500 500 

3.  Span 60 100 150 200 100 100 100 - - - 

4.  Tween 60 - - - - - - 100 150 200 

5.  Cholesterol (mg) 100 100 100 150 200 250 100 100 100 

6.  Soya lecithin  100 100 100 100 100 100 100 100 100 

7.  Carbopol 934(%) 1 1 1 1 1 1 1 1 1 
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and carrier was attached to a rotary flask evaporator to evaporate solvent at 60 to 70 rpm. The 

temperature and pressure were maintained 45 ± 2ºC and 600mm of Hg respectively until the 

mass in the flask had become a dry as well as free flowing product. These materials were 

further dried overnight in a desiccator (containing CaCl2) under vacuum at room temperature. 

Now this dry preparation was referred as proniosomes. The obtained proniosome powder was 

stored in a tightly closed container in refrigerator at 4
0
C temperature until further evaluated.

 
                                                                                                             

Proniosomes were transformed into niosomes by hydrating with phosphate buffer (pH 6.8) at 

80 
0
C using vortex mixture for 2-3 min. The niosomes were sonicated twice for 30 sec using 

a sonicator.
 
Proniosome-derived niosomes were used to prepare niosomal gel. 

4.4.2. Preparation of Candesartan cilexetil proniosomal gel
83, 84

 

Candesartan cilexetil proniosomal gel was prepared by using 1% w/w of carbopol 934 

as gel base. Carbopol 934 was soaked overnight in 50 ml distilled water. 5 ml of distilled 

water was taken and required quantity of methyl paraben and propyl paraben were dissolved 

by heating on water bath. Cool the solution and then mixed with carbopol 934 solution. 

Further an equivalent amount of niosomal suspension containing 0.5 gm drug was 

centrifuged with remaining quantity of distilled water and the pellets obtained were mixed 

with gel base and triethanolamine was added drop wise to the formulation for an adjustment 

of required skin pH (6.4-7) and to obtain the gel at required consistency.  

This prepared proniosomal gel was subjected to further evaluation studies. 

4.5. EVALUATION OF CANDESARTAN CILEXETIL PRONIOSOMAL GEL 

4.5.1. Determination of pH
43

: 

The pH of each formulation of proniosomal gel was determined by using calibrated 

pH meter. The readings were taken for average of 3 samples. 
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4.5.2. Viscosity and rheological studies
85

: 

Brookfield digital viscometer (Model LVDV–E, USA) was used for the determination 

of viscosity and rheological properties of Candesartan cilexetil proniosomal gel using spindle 

no T-96. 100 g of the gel was taken in a beaker and the spindle was dipped in it. The viscosity 

of gel was measured at different angular velocities at a temperature of 25°C. A typical run 

comprised changing of the angular velocity from 0.5 to 2.5 rpm. The averages of two 

readings were used to calculate the viscosity. 

4.5.3 Spreadability
85

: 

For the determination of spreadability, excess of sample was applied between the two 

glass slides and was compressed to uniform thickness by placing 1000 gm weight for 5 min. 

Weight (50 gm) was added to the pan. The time required separating the two slides, i.e. the 

time in which the upper glass slide moves over the lower plate was taken as measure of 

spreadability (S). 

Spreadability (g.cm/s) (S) = M×L/T 

Where M = weight tied to upper slide, L = length moved on the glass slide, T= time taken. 

4.5.4. Drug content analysis
5
: 

Proniosomes equivalent to 50 mg were taken into a standard volume flask. They were 

lysed with 25ml of medium (phosphate buffer of pH 6.5 containing 0.35% tween 20) for 15 

min. The clear solution was diluted to 100 ml of medium. Then 10 ml of this solution was 

diluted to 100 ml of phosphate buffer of pH 6.5. Aliquots were withdrawn and the absorbance 

was measured at 257 nm and drug content was calculated from the calibration curve. 

4.5.5. Entrapment efficiency
34

: 

To determine loading capacity of proniosomal gels, 20mg of Candesartan cilexetil 

proniosomal gel was weighed and dispersed in phosphate buffer of pH 6.5 and warmed a 

little for the formation of niosomes. Free Candesartan cilexetil was separated from 
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Candesartan cilexetil loaded niosomes by centrifugation at a speed of 14000 rpm for 45 min 

at 4 
0
C. The amount of free drug in the supernatant was determined at 257nm using UV 

spectrophotometer. The entrapment efficiency (EE) of Candesartan cilexetil was calculated 

by using following equation. 

EE (%) = [(Ct - Cf)/Ct] ×100       

Where, Ct is the concentration of total drug.  

             Cf is the concentration of free drug. 

4.5.6. Physical analysis of Vesicle: 

a) Vesicular morphology
86

: 

The surface morphology and shape niosomal vesicles were studied by scanning electron 

microscopy (SEM). The proniosomal gel was diluted with 10 ml of phosphate buffer of pH 

6.5. Obtained niosomal system was placed on aluminum stub using dual-sided adhesive 

carbon tape. Then the sputter-coated with gold palladium specimen were examined using 

SEM. 

b) Vesicle size analysis
34

:  

Size and size distribution studies were done for niosomes obtained after hydration of 

proniosomal gel with agitation and without agitation. After hydration, the niosomal 

dispersion was observed under optical microscope with a calibrated eyepiece micrometer 

which is calibrated with a stage micrometer at 40x magnification. 

c) Photomicrography:
87, 88, 89

   

The niosomes were mounted on glass slides and viewed under a microscope with 

magnification of 400X for morphological observation after suitable dilution. The 

photomicrograph of the preparation also obtained from the microscope by using a digital SLR 

camera. 
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4.5.7. In-vitro release studies
34, 86

:                                                                                                     
 

The release of Candesartan cilexetil from proniosomal gel was determined using 

membrane diffusion technique. The proniosomal gel equivalent to 16 mg of Candesartan 

cilexetil was taken in a glass tube having a diameter 2.5 cm with an effective length of 8 cm 

that was previously covered with soaked osmosis cellophane membrane, which acts as a 

donor compartment. The glass tube was placed in a beaker containing 350 ml of phosphate 

buffer of pH 6.5 containing 0.35% tween 20 which acts as receptor compartment. The whole 

assembly was fixed in such a way that the lower end of the tube containing gel was just 

touched the surface of diffusion medium. The temperature of receptor medium maintained at 

37±1
0
C. The receptor medium was stirred by a Teflon-coated magnetic bead fitted to a 

magnetic stirrer at a speed of 600 rpm. At appropriate time intervals (1, 2, 3, 5, 7,10,14,18 

and 24 hrs) aliquots of 1ml sample were withdrawn periodically and after each withdrawal 

same volume of medium was replaced. The collected samples were analysed at 257 nm in 

UV spectrophotometer using phosphate buffer of pH 6.5 containing 0.35% tween 20 blank.  

4.6 ANIMAL STUDIES 

4.6.1 In-vitro skin permeation studies
65

: 

In-vitro skin permeation studies of proniosomal gel formulations were carried out on 

diffusion cell with an effective diffusion area of 60 mm
2
 and 15 ml of receptor compartment 

capacity, using rat abdominal skin. Firstly, albino rats were killed by giving excess of 

anaesthesia (ether). Skin was excised from the rat abdominal region, remove entire hair with 

electrical razor and wipe the dermis side of skin with isopropyl alcohol to remove adhering 

fat. Now, wash the skin properly with distilled water, wrapped in double folded aluminum 

foil and finally stored at -20°C ±1 until further use. The skin was brought to room 

temperature and treated with 0.5 M NaOH solution for 1-1.5 hrs. Pre-treated skin was cut into 

appropriate size and mounted on a diffusion cell where dermis faced towards the receptor 



CHAPTER 4                                                        MATERIALS AND METHOD 

 

Dept. of Pharmaceutics, SAC College of Pharmacy, B.G Nagara. Page 68 
 

compartment and the stratum corneum faced towards donor compartment. Initially, receptor 

compartment was filled with phosphate buffer (pH 6.5) containing 0.35% tween 20 while 

donor compartment was kept empty. The temperature of the apparatus was maintained 

37±0.5°C throughout the study period. The receiver fluid was stirred with magnetic rotor at a 

speed of 100rpm. The whole receiver fluid was replaced with fresh buffer solution after every 

20 min to stabilize the skin. It was found that the receiver fluid showed a negligible UV 

absorption after 3 hrs indicating the complete stabilization of the skin membrane. Samples 

were withdrawn from receptor compartment at regular time intervals, (0.5, 1, 2, 3, 4, 5, 6, 8, 

12, 18 and 24 hrs), filter and analysed for drug content using UV spectrometer at 257nm. 

4.6.2 Selection of optimised formulation
65, 89

: 

    After, subjecting all formulations to permeation studies, data of cumulative amount of drug 

permeated through the skin (mg/cm
2
) plotted as a function of time (t). Drug flux at steady 

state (Jss) was calculated by dividing the slope of the graph linear portion with the diffusion 

cell area (mg/cm
2
/h).  

    Permeability coefficient (Kp) was calculated by dividing drug flux at steady state (Jss) with 

the initial concentration of drug in the donor compartment (cm/h). 

4.6.3 In-vivo bioavability studies in animal (rats) volunteers
65, 90, 91

: 

For the purpose of pharmacokinetic evaluation, optimized formulation (which shows 

highest % drug release) and marketed tablets were selected. Sixteen Albino rats weighing 

between 150-200 g were taken and weighed them individually. Rats were kept in a rat cage in 

a well maintained animal house. Animals were fed with standard food and clean drinking 

water and monitor them regularly. Rats were divided into two groups (Group A and Group B) 

each carrying eight rats. Group A was subjected to transdermal treatment with optimized 

proniosomal gel formulation. The rat abdominal hair was carefully shaved by a razor without 

any skin damage and wash with distilled water. The proniosomal gel was applied to the rat 



CHAPTER 4                                                        MATERIALS AND METHOD 

 

Dept. of Pharmaceutics, SAC College of Pharmacy, B.G Nagara. Page 69 
 

skin with the entire surface in intimate contact with the stratum corneum. In order to keep the 

gel secured at the site of application, the microporous adhesive tape was rolled over the gel. 

Group B was administered with marketed Candesartan cilexetil tablet.  

The dose was calculated based on the body weight of the rats as per the surface area 

ratio method. The rats were anesthetized using ether. Then the blood samples (0.5ml) were 

withdrawn from the tail vein of rats at 0.5, 1, 2, 3, 4, 6, 8, 12, 18, and 24 hrs in                

micro-centrifuge tubes containing the anti-coagulant (sodium citrate buffer). The blood 

sample is then centrifuge at 4500 rpm for 5 min in order to obtain plasma and store plasma at 

-20°C before analysis. The plasma samples were deproteinised by using acetonitrile, again 

centrifuge at 4500 rpm for 3 min and supernatant liquid was separated and finally analysed 

using UV spectrophotometer at 257 nm.  

Pharmacokinetic evaluation
65, 90, 91

: 

The plasma concentration of Candesartan cilexetil was determined at different time 

intervals after its transdermal and oral administration to animal (rat) volunteers. Then various 

pharmacokinetic parameters such as maximum plasma concentration (Cmax), time to reach 

maximum concentration (Tmax), area under curve (AUC0-t), area under the first moment curve 

(AUMC) were calculated. Cmax and Tmax were directly obtained from the semi-log plot of time 

versus plasma concentration of Candesartan cilexetil. The overall elimination rate constant 

KE was calculated from the slope of the terminal elimination phase of a semi-logarithmic plot 

of concentration versus time (residual method). AUC was calculated by using the trapezoidal 

method. The relative bioavailability of Candesartan cilexetil after the transdermal 

administration versus the oral administration was calculated by following equation:  
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4.7. DRUG RELEASE KINETICS 
94, 93

:  

Investigation for the drug release from the Candesartan cilexetil proniosomal gel was 

done by studying the release data with zero order, first order kinetics and Higuchi equation. 

The release mechanism was understood by fitting the data to Korsmeyer Peppas model.  

a) Zero order kinetics: 

  When the data is plotted as cumulative % drug release versus time, if the plot is linear 

then the data obeys zero- order release Kinetics, with a slope equal to K
0
. 

 Zero order release would be predicted by the following equation:- 

At =A0-K0t 

       Where, At= Drug release at time‘t’. 

         A0= Initial drug concentration. 

         K0=Zero-order rate constant (hr
-1

). 

b) First order Kinetics:  

  When the data is plotted as log cumulative % drug remaining versus time yields a 

straight line, indicating that the release follows first order kinetics. The constant ‘K’ can be 

obtained by multiplying 2.303 with the slope values. 

 First order release would be predicted by the following equation:- 

Log C = log C0 – Kt / 2.303 

        Where, C = Amount of drug remained at time‘t’. 

                 C0 = Initial concentration of drug. 

          K = First-order rate constant (hr
-1

). 

c) Higuchi’s model:  

  When the data is plotted as cumulative drug release versus square root of time, yields 

a straight line, indicating that the drug was released by diffusion mechanism. The slope is 

equal to ‘K’ (Higuchi’s 1963). 
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Drug release from the formulation by diffusion has been described by following Higuchi’s 

classical diffusion equation: 

Q = [Dε / ε (2A - εCS) CSt]
1/2 

Where, Q = Amount of drug released at time‘t’. 

   D = Diffusion co-efficient of the drug in the matrix. 

   A = Total amount of drug in unit volume of matrix. 

   CS = Solubility of the drug in the matrix. 

   ε = Porosity of the matrix. 

    t = Tortuosity. 

d) Korsmeyer equation/ Peppa’s model: 

  When the data is plotted as log of drug released versus time, yields a straight line with 

a slope equal to ‘n’ and the ‘K’ can be obtained from y- intercept. To study the mechanism of 

drug release, the release data were also fitted to the well – known exponential equation 

(Korsmeyer equation/ Peppa’s law equation), which is often used to describe the drug release 

behavior from polymeric systems. 

Mt / Ma = Kt
n
 

Where, Mt / Ma = the fraction of drug released at time‘t’. 

  K = Constant incorporating the structural and geometrical characteristics of the 

drug/polymer. 

  n = Diffusion exponent related to the mechanism of the release. 

Above equation can be simplified by applying log on both sides, 

Log Mt / Ma = Log K + n log t 

 For Fickian release ‘n’ = 0.5 while for anomalous (non- Fickian) transport ‘n’ ranges 

between 0.5 and 1.0. 
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Table 16: Mechanism of Drug Release as per Korsmeyer Equation/ Peppa’s Model 

SL. No ‘n’ value Drug release mechanism Rate as a function of time 

1. 0.45 Fickian release t 
-0.5 

2. 0.45 <n = 0.89 Non- Fickian transport t 
n-1 

3. 0.89 Class II transport Zero order release 

4. Higher than 0.89 Super case II transport t 
n-1

 

 

4.8. Stability studies
94

: 

  Stability of a drug has been defined as ‘‘the ability of a particular formulation in a 

specific condition, to remain within its physical, chemical, therapeutical and toxicological 

specifications’’. The reason of stability testing is to provide evidence on how the quality of 

drug formulation varies with time under the influence various environmental conditions such 

as temperature, humidity, light. From this study we know about recommended storage 

conditions, re-test periods and self-life of the drug can be established.  

The selected formulations were subjected for three month stability study as per ICH 

guidelines. The selected formulations were placed in a wide mouth glass bottles, mouth of the 

bottle was tightly closed and packed in aluminum foils.
 

In the present study, stability studies were carried out at 25ºC/60% and 40ºC/75% RH 

for a specific period of 3 month for the selected formulations. 
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5.0. RESULTS AND DISCUSSION 

5.1. Determination of λ max of Candesartan cilexetil 

   The λ max of the Candesartan cilexetil was found to be 257 nm in 0.1N NaOH. 

5.2. Calibration curve of Candesartan cilexetil 

   The absorbance of Candesartan cilexetil was measured in a UV spectrophotometer at       

257 nm against 0.1N NaOH. The absorbance so obtained was tabulated (table no. 17) and 

graph was obtained by plotting absorbance vs concentration (figure no. 12).  

Table 17: Spectrophotometric data of Candesartan cilexetil in 0.1N NaOH 

SL.NO. Concentration 

 (µg/ml) 

Absorbance Average Standard  

Deviation 
Trial 1 Trial 2 Trial 3 

1 0 0 0 0 0 0 

2 4 0.102 0.108 0.099 0.103 0.0045 

3 8 0.182 0.185 0.183 0.183 0.0015 

4 12 0.282 0.279 0.281 0.280 0.0014 

5 16 0.351 0.349 0.357 0.357 0.0017 

6 20 0.450 0.448 0.449 0.449 0.0020 

7 24 0.542 0.539 0.540 0.540 0.0010 

  

Figure 11: VU- spectrum of Candesartan cilexetil 
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Figure 12: Calibration Curve of Candesartan cilexetil in 0.1N NaOH. 

5.3. Solubility studies of Drug 

The solubility of Candesartan cilexetil was determined in distilled water, pH 6.5 

phosphate buffer containing different amount of tween 20 (0.3%, 0.35%, and 0.45%).        

The data for solubility studies in different media are shown in table no. 18. The result shows 

maximum solubility of Candesartan cilexetil in phosphate buffer (pH 6.5) containing 0.35% 

of tween 20. 

Table 18:  Solubility of Candesartan cilexetil in different media 

SL.NO. SOLVENTS SOLUBILITY AT 37ºC 

(in µg/ml) 

1 Distilled water (pH 7.0) 0.0397 

2 Phosphate Buffer (pH 6.5) 0.860 

3 Phosphate Buffer (pH 6.5) + Tween 20 (0.3%) 189.23 

4 Phosphate Buffer (pH 6.5) + Tween 20 (0.35%) 351.45 

5 Phosphate Buffer (pH 6.5) + Tween 20 (0.45%) 220.71 

y = 0.0225x 
R² = 0.9983 
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Result showed that solubility of Candesartan cilexetil is high in phosphate buffer    

(pH 6.5) containing 0.35% of tween 20 when compared to other media, so phosphate buffer     

(pH 6.5) containing 0.35% of tween 20 is chosen for evaluation of Candesartan cilexetil 

proniosomal gel. 

5.4. Melting point 

Melting point of drug was determined by capillary method. The result is found to be 

157 ºC-160 ºC. 

5.5. Compatibility studies using FT-IR 

Infra-red spectrum of drug, polymers and mixture of both were determined by KBr 

disks method. Samples were prepared in KBr disks by means of a hydrostatic press at 5 tons 

pressure for 5 min and obtained spectra are shown in the figure no. 13-18. 

All the characteristic peaks of Candesartan cilexetil were present in the spectrum of 

drug and polymer mixture, indicating compatibility between drug and polymer. The spectrum 

confirmed that there is no significant change in the chemical integrity of the drug. There is no 

change in functional group peaks (-C-H, C-N, N-H, C-O-C, C=O) of Candesartan cilexetil in 

all the IR-spectra and are tabulated in table no. 19.  

Figure 13: IR Spectrum of pure drug Candesartan cilexetil. 
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Figure 14: IR Spectrum of pure drug + span 60. 

 

 

Figure 15: IR Spectrum of pure drug + maltodextrin. 
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Figure 16: IR Spectrum of pure drug + cholesterol. 

 

 

Figure 17: IR Spectrum of pure drug and its physical mixtures. 
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Figure 18: IR Spectrum of Candesartan cilexetil proniosomal gel 

Table 19: Interpretations of IR-spectrum 

Functional 

group 

Wave number (cm
-1

) 

Pure 

Drug 

Drug + 

span 60 

Drug + 

maltodextrin 

Drug + 

cholesterol 

Drug + physical 

mixtures 

Gel 

formulation 

Aromatic 

-C-H (s) 

2940.2 2920.31 2887.68 2933.49 2919.40 2927.78 

Aromatic 

-C-H (b) 

747.13 840.27 765.95 714.06 677.35 928.18 

Aliphatic 

-C-H (s) 

2859.1 2855.85 2887.68 2866.22 2852.67 2866.45 

C-N (s) 1116.3 1094.27 1146.85 1047.22 1166.99 1080.07 

N-H (s) 3613.7 1359.86 3616.19 3617.46 3615.21 3737.73 

C=O (s) 1752.6 1734.41 1753.26 1755.19 1752.10 1642.86 

C-O-C 1240.4 1243.54 1220.38 1225.57 1235.36 1276.31 
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5.7. EVALUATION OF PRONIOSOMAL GEL 

5.7.1. Determination of pH  

The pH of proniosomal gels of Candesartan cilexetil were determined by using a 

calibrated pH meter. The readings were taken for average of three samples. Skin 

compatibility is the primary requirement for a good topical formulation. The pH values 

exhibited by gels are tabulated in table no. 20 and found in range of 5.5 to 7.2 at 25
0
C which 

is physiologically acceptable range for topical preparations. 

Table 20: pH values of Candesartan cilexetil proniosomal gel formulation 

 

 

 

 

 

 

 

 

5.8.2. Viscosity and Rheological studies: 

         Brookfield digital viscometer was used for the determination of viscosity and 

rheological properties of Candesartan cilexetil proniosomal gel using spindle no T-96. In all 

the formulations carbopol was used as gel base. The viscosities of the gels were found to be 

same, as concentration of carbapol used in all the formulations is same (1%). The results of 

viscosities are tabulated in table no. 21. The rheological studies of the formulations were 

studied by plotting a graph of shear rate vs viscosity figure no 19. 

 

 

Formulation code pH Formulation code pH 

F1 5.82 F6 6.8 

F2 6.2 F7 6.8 

F3 6.5 F8 7.0 

F4 5.5 F9 6.5 

F5 7.2   



CHAPTER 5                                                        RESULTS AND DISCUSSION 

 

Dept. of Pharmaceutics, SAC College of Pharmacy, B.G Nagara. Page 80 
 

Table 21: Viscosity of Candesartan cilexetil proniosomal gels 

Shear Rate 

(RPM) 

Viscosity of the formulations (cps) 

F1 F2 F3 F4 F5 F6 F7 F8 F9 

0.5 25500 27300 25700 26400 25600 26100 25500 24900 25200 

1.0 12200 11800 13500 12300 11900 12600 12400 12800 1300 

1.5 1000 1300 9200 9400 1100 9700 9800 9200 9400 

2.0 8400 7300 8200 7500 8300 7600 8100 7100 7300 

2.5 6300 6100 6700 6500 6100 6200 6100 6200 6400 

Figure 19: Rheological profile of Candesartan cilexetil proniosomal gel formulations 

The results obtained from rheological studies showed that the viscosity of all 

formulations decreases with increase in share rate, which indicates the characteristics of 

pseudo plastic flow and follow non-Newtonian flow (shear thinning). For the topical 

application, the consistency of the sample is important feature, due to the fact that it must be 

applied to skin in the thin layer. For this reasons, it is preferable to formulate non-Newtonian 

formulations because of their low resistance to flow when they are applied under the high 

shear rate. 
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5.8.3. Spreadability studies: 

         Spreadability of the different gel formulations were determined and tabulated in       

table no. 22. Hence the spreadability of the gels were seen significantly same, as carbopol 

used in all the formulations is in same concentration i.e. 1%.  

Table 22: Spreadability of Candesartan cilexetil proniosomal gels 

 

 

5.8.4. Vesicle size analysis 

Mean vesicle size studies was done for niosomes obtained after hydration of 

proniosomal gel with shaking and without shaking. The sizes of 100 vesicles were measured 

using calibrated ocular and stage micrometer fitted in an optical microscope at 40x 

magnification. Size distribution and average vesicle size is given in table no 23. 

Table 23: Mean vesicle size of Candesartan cilexetil proniosomal formulations 

 

Formulation code 

Mean vesicle size (µm) 

Before shaking After shaking 

F1 20.42±0.21 10.23±0.34 

F2 32.48±0.40 10.18±0.39 

F3 21.32±0.32 9.76±0.34 

F4 25.31±0.50 9.41±0.55 

F5 22.97±0.46 8.67±0.42 

F6 16.34±0.32 7.25±0.24 

F7 25.25±0.52 16.45±0.48 

F8 26.85±0.12 14.75±0.22 

F9 28.54±0.40 13.58±0.45 

Formulation code Spreadability(gm.cm/sec) 

F1 6.83 

F2 7.41 

F3 7.00 

F4 7.22 

F5 6.72 

F6 7.16 

F7 6.76 

F8 6.80 

F9 7.00 
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Vesicle size of Candesartan cilexetil was found in the range of 7.25µm to 16.45µm. 

The results obtained from vesicle size analysis showed that the formulations (A1, A2, A3, A4, 

A5, A6) containing span 60 as non-ionic surfactant were smaller in size than vesicles formed 

with tween 60 (A7, A8, A9). Larger size vesicles formed from tween 60 might be due to lower 

hydrophobic nature of tween 60. The relationship observed between niosome size and span 

hydrophobicity has been attributed to the decrease in surface energy with increasing 

hydrophobicity, resulting in the vesicles with small size. Formulations F6 containing high 

concentration of cholesterol also slightly reduced the vesicle size of niosomes which might be 

due to increasing in the hydrophobicity attributed by cholesterol. The vesicle size of niosome 

was larger when the dispersion was not agitated but after agitation the size of vesicle was 

reduced due to breakage of larger vesicles to smaller vesicles. 

5.8.5. VESICLE MORPHOLOGY: 

A) Scanning Electron Microscopy: 

Morphology of niosomes derived from proniosomal gel of Candesartan cilexetil was 

studied by using scanning electron microscopy. Scanning electron microscopy imaging of 

proniosomal gel of optimized formulation A3 revealed that the niosomal vesicles derived 

from hydration of proniosomes are well identified, spherical in shape and very small in size. 

These circular vesicles were discrete with sharp boundaries having large internal aqueous 

space (figure no 20). 

From the scanning electron microscopy of Candesartan cilexetil proniosomal gel it 

was found that proniosomal vesicles are in smaller diameter and spherical shape with uniform 

surface. It is believed that vesicles with smaller diameter and spherical shape can better 

diffuse through the skin as smaller vesicles tend to fuse readily. 
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Figure 20: SEM image of Candesartan cilexetil proniosomal gel formulation A3 

B) Photomicrography: 

Photomicrograph of optimized formulation A3 was taken by using optical microscope 

under 400X. The photomicrographs of hydrated proniosomal formulation A3 shown in figure 

no 21. The photographs revealed that the niosomes are spherical in shape and no aggregation 

or agglomeration is observed. Some vesicles seen in photographs are uneven which might be 

due to drying process under normal environmental conditions. 

 

Figure 21: Optical photomicrograph of proniosomal gel formulation A3 
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5.8.6. Entrapment efficiency:  

Entrapment efficiency is the ability of vesicles for entrapment of drugs which was 

done by ultracentrifugation method. Ultracentrifugation method was used to separate the 

proniosomal vesicles containing drug and un-entrapped or free drug to find out the 

entrapment efficiency. 

The entrapment efficiency of all proniosomal formulations are mentioned in the table no 24.  

Table 24: Drug entrapment efficiency of proniosomal gel formulation loaded with drug 

 

Formulation 

code 

 

 

Absorbance 

 

 

Concentration 

(µg) 

Amount of 

drug C×DF 

(µg) 

 

Entrapped 

drug 

E = T˗ U 

% Drug 

entrapped 

 

% E=  X 100 

 

Total 

drug 

(T) 

Free 

drug 

(U) 

Total 

drug 

(T) 

Free 

drug 

(U) 

Total 

drug 

(T) 

Free 

drug 

(U) 

A1 0.457 0.113 20.31 4.88 203.1 48.80 154.22 75.92 % 

A2 0.812 0.132 36.08 5.86 360.8 58.60 302.22 83.74 % 

A3 0.875 0.127 38.88 5.37 388.8 53.70 335.11 86.17 % 

A4 0.650 0.112 28.88 4.97 288.8 49.70 239.11 82.76 % 

A5 0.714 0.170 31.73 7.77 317.7 77.70 239.60 75.49 % 

A6 0.642 0.160 28.53 7.15 285.3 71.50 213.77 74.92 % 

A7 0.539 0.202 23.95 8.93 239.5 89.30 150.22 62.70 % 

A8 0.680 0.210 30.22 9.37 93.70 93.70 208.44 66.97 % 

A9 0.646 0.143 28.71 6.35 287.1 63.50 223.55 68.86 % 

                                    

Entrapment efficiency of proniosomes formulations ranged from 62.70% to 86.17%.    

Niosomes formed from span 60 proniosomal gel exhibits higher EE than proniosomal gels 

prepared from tween 60 because Span 60 is solid at room temperature and have highest phase 

transition. Span 60 is having the same head group with different alkyl chains. An ability to 

entrap drug is higher in span 60 which might be due to presence of longer saturated alkyl 

chain. A larger alkyl chain present in span 60 might lower the HLB value of span 60 and thus 

increases the EE of the drug. Formulation A3 containing span 60: cholesterol in 2:1 ratio 

showed highest EE (86.17%).  

 As the cholesterol content of the formulation was increased, the EE of the drug was 

also increased. The use of cholesterol in the proniosomal formulations not only improves the 
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fluidity but also improves the stability of the bilayer membrane because EE of niosome is 

governed by the ability of formulation to retain drug molecules in the bilayer membrane of 

the vesicles. This characteristic of cholesterol decreases leakage of drug molecule from 

bilayer structure and also provides spherical smooth surface to the bilayer vesicles.    

However, further increase in cholesterol level lowers the drug EE of bilayer vesicles 

formulation (A5, A6). This could be due to the fact that the cholesterol beyond a certain level 

starts disrupting the regular bilayer structure of vesicles leading to loss of drug entrapment.  

 

Figure 22: Comparison of entrapment efficiency of proniosomal gel formulations 

5.8.7. Drug content estimation: 

Percentage drug content estimation of various proniosomal gel formulations was done 

by UV spectrophotometer. The absorbances were measured and percentage drug content was 

calculated. Percentage drug content of various proniosomal gel formulations was found be in 

the range of 96.44 % to 101.88 %, which is within the pharmacopoeial limits (table 25).  

Table 25: Drug content of Candesartan cilexetil proniosomal gel  

Formulation code Absorbance (nm) Conc. in 1gm gel (µg) % drug content 

 

A1 0.1210 5370 92.12 % 

A2 0.1085 4822 96.44 % 

A3 0.1092 4853 97.06 % 

A4 0.1094 4862 97.24 % 

A5 0.1089 4840 96.80 % 

A6 0.1120 4977 99.55 % 

A7 0.1098 4880 97.60 % 

A8 0.1180 5244 101.88 % 

A9 0.1085 4822 96.00 % 
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5.8.8. In-vitro drug release studies of the proniosomal gel: 

         The main aim of conducting in-vitro release studies was to predict how a delivery 

system might work in an ideal situation which also reveals its in-vivo performance. Since 

drug release decides the amount of drug available for absorption. In this present study in-vitro 

release profile of Candesartan cilexetil proniosomal gel was compared with control gel of 

Candesartan cilexetil (normal gel).The in-vitro diffusion release profile of Candesartan 

cilexetil from proniosomes of different cholesterol contents were apparently biphasic release 

process. In the first 6 hrs of release studies, rapid release of drug (about 31.42% to 54.66%) 

was observed from almost all formulations which might be due to the initial bursting of 

improper niosomes in the formulations (table no 26). However, in between 6 hrs to 24 hrs, 

most of the formulation showed 57.62% to 93.81 % of drug release. In case of control gel 

release rate was found relatively low i.e. 49.04 % after 24 hrs. Higher release rate of 

proniosomal gel compared to control gel might be due to penetration enhancement effect of 

non-ionic surfactants. The amount of drug released from different batches of proniosomal gel 

formulations was in the order of A3>A4>A2>A1>A6>A5>A9>A8>A7>control. The mean 

standard deviation was found in the range of 0.0251± 0.0761. 

 

Figure 23: Drug release profile of the Candesartan cilexetil proniosomal gel formulation 
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 Table 26: In-vitro release studies of Candesartan cilexetil proniosomal gel 

 

       Among all formulations, formulation A3 and A4 showed highest percentage of drug 

release 93.81% and 90.54% respectively over a period of 24 hrs which might be due to the 

presence of optimum level of span 60 and cholesterol. Further increase in cholesterol 

concentration in formulation A5 decreased the drug release to 71.84% which might be due to 

presence of higher concentration of cholesterol. Cholesterol abolishes gel to liquid phase 

transition of niosomes and makes the niosomal vesicle less leaky by producing optimum 

hydrophobicity. Cholesterol decreases the formation of the transient hydrophilic holes on 

vesicles by decreasing membrane fluidity, responsible for drug release through liposomal 

layers and controlled the drug release from the multilamellar vesicles. 

       Formulation A6 contains even higher concentration of cholesterol and released 75.60%  

of Candesartan cilexetil as compared to A5, this might be obtained due to the fact that on 

 

TIME  

(in hrs) 

CUMULATIVE % DRUG RELEASE 

F1 F2 F3 F4 F5 F6 F7 F8 F9 Control 

0 0 0 0 0 0 0 0 0 0 0 

0.5 8.71 10.06 9.73 4.02 9.05 9.19 1.65 5.58 7.54 3.21 

1 10.01 14.86 17.28 17.21 13.36 10.32 8.01 12.05 15.50 5.76 

2 18.4 18.23 28.74 22.53 19.50 20.69 12.94 18.09 20.11 7.42 

3 24.58 26.26 36.97 26.59 25.48 27.50 14.65 21.92 25.42 9.89 

4 35.54 37.05 41.47 32.98 38.14 37.12 21.04 24.72 28.05 12.09 

5 41.64 47.08 47.96 34.25 41.75 44.81 22.19 29.82 34.05 15.22 

6 48.33 54.66 53.01 42.18 46.61 49.76 31.42 37.44 39.77 18.98 

8 53.66 66.77 68.30 47.29 52.89 54.14 36.13 43.27 45.89 22.50 

12 56.88 68.76 75.96 66.62 59.56 61.55 41.05 48.89 51.06 28.76 

18 72.24 77.63 84.30 82.65 65.91 68.10 48.76 55.94 58.70 37.66 

24 81.14 89.95 93.81 90.54 71.84 75.60 57.62 58.09 61.24 49.04 
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increasing cholesterol beyond certain concentration can disrupt the regular linear structure of 

the vesicular membrane and increase the drug release. 

        Formulation code A7, A8 and A9 contains different concentrations of tween 60 as      

non-ionic surfactants. Among these three formulations, formulae A9 showed 61.24% of drug 

release which was higher than formulae A7 and A8 i.e. 57.62% and 58.09% respectively.  

       Drug release from proniosomal gel prepared with tween 60 is lesser than span 60 which 

might be larger vesicles size of niosomes and less lipophilic nature of tween 60 compared to 

span 60. Larger vesicle formed from tween 60 makes them more difficult to penetrate 

through cellophane membrane hence retards the release of drug. From this study it can be 

concluded that the prepared proniosomal gel exhibited controlled release of Candesartan 

cilexetil over a period of 24 hrs. 

5.8.9. In-vitro skin permeation studies of proniosomal gel formulation: 

    In-vitro skin permeation studies were performed for Candesartan cilexetil normal gel and 

proniosomal gel using rat skin. From this study the cumulative amount of Candesartan 

cilexetil permeated per unit area across excised rat skin as the function of time, flux, 

permeability coefficient and enhancement ratio Er were determined. The results of permeation 

studies showed that formulations containing non-ionic surfactants (tween 60 and span 60) 

exhibited higher percentage of drug permeation compared to control formulation (46.98%) 

after 24 hrs. Candesartan cilexetil proniosomal gel showed higher permeation because       

non-ionic surfactant present in these formulation increased flux across the skin. Among nine 

formulations, formulation containing span 60 (A1, A2, A3, A4, A5 and A6) showed higher skin 

permeation compared to formulation containing tween 60 (A7, A8 and A9). Lower skin 

permeation of formulation containing tween 60 might be due to the larger size of the vesicles 

and less lipophilic nature of the tween, which makes more difficult for these vesicles to 

penetrate through the skin. Among all the formulations, formulation A3 containing span 60 
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and surfactant to cholesterol in 2:1 ratio showed higher percentage of drug permeation 

85.65% (table no 27). Increasing the cholesterol concentration in the formulation A4, A5 and 

A6 gradually resulted in a more intact lipid bilayer as a barrier for drug permeation and also 

decrease its leakage by improving the fluidity of the bilayer membrane and reducing its 

permeability, which in turn lower the drug elution from the bilayer vesicles. Formulation A3 

showed better entrapment with optimum vesicle size, which leads to better permeation 

through the skin. All permeability parameters such as flux (Jss), permeability coefficient (Pb), 

and enhancement ratio (Er) were found to be higher for formulation A3 (table no 28) 

compared other formulation. All the proniosomal gel preparations, A1 to A9 provided 

absorption of the drug through the Albino rat skin up to 24 hrs in a controlled manner.  

        The mechanism of proniosomes derived niosomes to transfer the drug across the skin 

could be penetration enhancer effect of non-ionic surfactants. These non-ionic surfactants 

acts by loosening the intercellular lipid barrier of the stratum corneum, resulted in higher flux 

of the drug. Higher the flux value, larger the drug transfer directly from vesicles to the skin.  

        Based on the results of permeability parameters, formulation A3 was selected for in-vivo 

pharmacokinetic studies. 

 

Figure 24: In-vitro drug permeation studies of various proniosomal gel formulations 
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Table 27: Cumulative percentage drug permeation of proniosomal gel formulations 

TIME  

(in hrs) 

CUMULATIVE % DRUG PERMEATION 

A1 A2 A3 A4 A5 A6 A7 A8 A9 Con. 

0 0 0 0 0 0 0 0 0 0 0 

0.5 3.32 6.32 8.43 7.74 5.08 6.76 2.24 2.34 5.45 1.34 

1 6.48 8.44 13.58 9.45 13.68 10.53 3.42 5.42 8.32 4.45 

2 13.18 16.78 18.45 15.57 17.88 14.89 7.83 8.84 13.30 7.67 

3 17.88 20.29 22.75 21.72 20.52 19.01 12.56 13.90 16.88 13.60 

4 25.21 27.81 26.45 25.21 22.03 24.11 17.01 19.41 20.00 18.90 

5 32.75 35.42 38.92 33.45 25.44 29.46 19.20 23.78 25.65 20.89 

6 37.89 40.09 42.34 41.19 31.23 37.85 21.24 26.76 29.05 23.78 

8 45.57 49.63 52.55 55.72 39.05 43.10 27.00 29.02 31.87 27.42 

12 52.21 58.77 60.31 61.45 48.38 52.76 33.64 37.40 41.30 35.00 

18 60.71 68.56 72.49 70.84 56.95 61.43 40.42 44.79 50.67 39.04 

24 74.37 82.91 85.65 83.67 65.07 68.48 51.25 53.63 60.97 46.98 

 

Table 28: Permeability parameters of different proniosomal gel formulations 

Formulation 

code 

Flux value (J) 

(µg/cm
2
/hr) 

Permeability coefficient (Kp) 

(cm/h) 

Enhancement ratio (Er) 

A1 1.66 0.0835 3.277 

A2 1.81 0.0910 3.50 

A3 1.93 0.0970 3.73 

A4 1.85 0.0925 3.55 

A5 1.07 0.0535 2.05 

A6 1.23 0.0615 2.36 

A7 0.69 0.0345 1.32 

A8 0.73 0.0364 1.40 

A9 0.98 0.0495 1.88 

Control 0.52 0.0225 - 
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5.8.10. In-vivo pharmacokinetic studies: 

    Based on the results of in-vitro diffusion studies and in-vitro skin permeation studies 

formulation A3 was selected for pharmacokinetic studies. Pharmacokinetic studies were 

carried out on Albino rats to evaluate the efficacy and bioavailability of the developed 

transdermal gel formulation against the oral dosage form. Cmax and Tmax were directly read 

from the graph (figure no 24). The mean Tmax of Candesartan cilexetil was 4 hrs for oral 

route and 6 hrs for transdermal route. Higher Tmax value of transdermal treatment compared to 

oral treatment indicated the control drug release behaviour of the transdermal gel 

formulation. The mean Cmax value of Candesartan cilexetil was 170.42 ng/mL for oral 

treatment and 164.8 ng/mL for transdermal. The Cmax values for both routes were almost 

similar, but graph showed that in the case of oral route the peak and valley pattern was quite 

evident with the fluctuation in the plasma drug concentration whereas in the case of 

transdermal route steady-state plasma concentration level was maintained throughout 24 hrs. 

The mean AUC0-t values after oral administration of Candesartan cilexetil was              

1298.42 ng.hr/mL and after transdermal application was 2539.03 ng.hr/mL. Higher AUC0-t 

values after transdermal application clearly showed that comparatively higher amount of drug 

was available to rat body because transdermal route avoids first pass metabolism of 

Candesartan cilexetil. The relative bioavailability of Candesartan cilexetil after transdermal 

application was found to be 1.425 times higher than that of oral delivery. The increase in 

bioavailability of transdermal delivery might be due to elimination of hepatic first pass 

metabolism by this route. In addition, transdermal gel provides much steadier plasma 

concentration-time curve compared to oral tablet in 24 hrs period of treatment. Thus, a stable 

anti-hypertensive effect of Candesartan cilexetil could be obtained for longer period of time 

after its transdermal proniosomal gel application. 
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Figure 25: Laboratory handling of albino rat during in-vivo studies 

Table 29: Pharmacokinetic parameters of Candesartan cilexetil after its transdermal 

and oral administration 

 

Figure 26: Serum concentration of Candesartan cilexetil in rat serum after transdermal 

and oral application 
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A3 6 164.8 1824.03 0.0852 8.133 1.425 

Marketed tablet 4 170.42 1298.42 0.0741 9.35 - 
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5.8.11. Drug release kinetics: 

        More often, kinetics of drug release studies allows the measurement of some important 

physical parameters, such as the drug diffusion coefficient and resorting to model fitting on 

experimental release data. Thus, mathematical modelling has very important value in the 

process optimization of all the phenomena affecting drug release kinetics from the 

formulation. The pattern of the drug release from the proniosomal gel of Candesartan cilexetil 

was investigation by different kinetic equations (Zero order, First order, and Higuchi’s 

equation). The release mechanism was understood by fitting the obtained data to Korsmeyer-

Peppas model. The figure no 27 to 30 shows the different release kinetics pattern and release 

mechanism of the gel from the different formulations as well as the best fit release pattern for 

the gel formulations (table no 30). 

Figure 27: Comparative Zero order release profile of proniosomal gel formulations 
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Figure 28: Comparative First order release profile of proniosomal gel formulations 

Figure 29: Comparative Higuchi release profile of proniosomal gel formulations 
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Figure 30: Comparative Korsmeyer-Peppas release profile of proniosomal formulations 

Table 30: Release exponent values and rate constant values for different formulations 

 

Formulation 

code 

KINETICS MODELS  

Best 

Fit 

Model 

 

Drug release 

mechanism 
Zero 

order 

First 

order 

Higuchi Korsmeyer-

Peppas 

R
2 

R
2 

R
2 

R
2 

N 

A1 0.7873 0.8987 0.9441 0.648 0.8845 Higuchi Non- Fickian  

A2 0.7158 0.8026 0.8954 0.6187 0.8820 Higuchi Non- Fickian 

A3 0.8035 0.9595 0.9623 0.5936 0.8743 Higuchi Non- Fickian 

A4 0.8580 0.9105 0.9637 0.6560 0.9052 Higuchi Super case II 

A5 0.7799 0.8856 0.9397 0.6371 0.8977 Higuchi Super case II  

A6 0.7474 0.8347 0.9142  0.6627 0.9308 Higuchi Super case II 

A7 0.9053 0.9594 0.9800 0.6853 0.8231 Higuchi Non- Fickian 

A8 0.8251 0.8993 0.9673 0.6712 0.8606 Higuchi Non- Fickian 

A9 0.8158 0.9003 0.9689 0.6033 0.8091 Higuchi Non- Fickian 

 

The cumulative release data were subjected to various kinetics models and results 

obtained from release kinetics studies were depicted in table no 30. The in-vitro release 

profile of drug from all gel formulations could be expressed by Higuchi’s equation, as the 
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plots shows high linearity (R
2
 = 0.8954-0.980) in comparison to zero order (R

2 
= 0.710-0.90) 

and first order (R
2 

= 0.8020-0.959). So, it was understood that Higuchi’s release pattern was 

followed by all formulations.  This demonstrates that Candesartan cilexetil molecules could 

be dispersed in the proniosomes matrix and there was no interaction between drug and 

proniosomes materials. The first order release model fitting of the release data (R
2 

= 0.8026-

0.9595) shows that the release rate was concentration-dependent. To confirm diffusion 

mechanism the data were fitted into Korsmeyer- Peppas model.                               

All gel formulations A1 to A9 showed high linearity (R
2
 = 0.5936-0.685) with slope 

(n) ranging from 0.8231 to 0.905, indicating that the drug was released from proniosomal gel 

by diffusion-controlled mechanism. For the formulations (A1, A2, A3, A7, A8 and A9), the 

values for ‘n’ ranged 0.45 <n = 0.89 which indicates that all these formulations followed 

Non- Fickian release mechanism and remaining formulations (A4, A5 and A6) followed 

Super case II transport mechanism as their ‘n’ values are higher than 0.89.  

5.8.12. Stability studies: 

Stability studies were carried out at 25ºC/60% and 40ºC/75% RH for a period of        

3 month. The optimized proniosomal gel formulations A3 and A4 were selected for stability 

studies in order to study the effect temperature and humidity on gel formulations. The gel 

formulation A3 and A4 were analysed for visual appearance, pH, viscosity, vesicle size, % 

entrapment efficiency, drug content and in-vitro release studies. First month of stability 

studies revealed that there was no change in the physiochemical characteristics of both gel 

formulations. In between 2 to 3 month both the formulation has shown slight changes in pH 

and viscosity which was in acceptable limits (±0.5). Storing the proniosomal gel at 25ºC/60% 

RH and 40ºC/75% RH has no signifiant change in the vesicle size, % entrapment efficiency, 

drug content, in-vitro drug release, viscosity and pH that justify no drug degradation           
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(table no. 31, 32, 33, 34). No significant changes were observed in proniosomal gel 

formulation during study period, thus it can be concluded that the formulations were stable.  

Table 31: Stability studies of optimized gel formulation A3 at 25ºC/60% RH 

Storing 

period 

Visual 

appearance 

pH Viscosity 

(cps) 

Vesicle 

size (µm) 

Drug Content 

(%) 

Diffusion 

profile (%) 

Initial White semi 

solid gel 

6.50 25700 9.76±0.34 97.06±0.33 87.81±0.74 

After 1 

month 

No change in 

appearance 

6.50 25700 9.77±0.56 96.77±0.42 86.96±0.66 

After 2 

months 

No change in 

appearance 

6.47 25680 9.79±0.78 96.72±0.67 85.62±0.51 

After 3 

months 

No change in 

appearance 

6.45 25650 9.81±0.23 96.42±0.53 84.71±0.45 

 

Table 32: Stability studies of optimized gel formulation A3 at 40ºC/75% RH 

Storing 

period 

Visual 

appearance 

pH Viscosity 

(cps) 

Vesicle 

size (µm) 

Drug Content 

(%) 

Diffusion 

profile (%) 

Initial White semi 

solid gel 

6.50 25700 9.76±0.34 97.06±0.53 87.81±0.74 

After 1 

month 

No change in 

appearance 

6.49 25695 9.79±0.67 96.76±0.71 86.65±0.24 

After 2 

months 

No change in 

appearance 

6.60 25650 9.801±0.19 96.29±0.42 85.72±0.32 

After 3 

months 

No change in 

appearance 

6.43 25635 9.86±0.54 95.89±0.13 84.11±0.55 

 

Table 33: Stability studies of optimized gel formulation A4 at 25ºC/60% RH 

Storing 

period 

Visual 

appearance 

pH Viscosity 

(cps) 

Vesicle 

size (µm) 

Drug Content 

(%) 

Diffusion 

profile (%) 

Initial White semi 

solid gel 

6.20 27300 12.81±0.39 96.44±0.61 72.95±0.76 

After 1 

month 

No change in 

appearance 

6.20 27300 12.83±0.87 96.28±0.44 72.83±0.50 

After 2 

months 

No change in 

appearance 

6.17 27295 12.88±0.42 96.09±0.52 71.12±0.45 

After 3 

months 

No change in 

appearance 

6.16 27280 13.10±0.89 95.86±0.31 70.25±0.69 
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Table 34: Stability studies of optimized gel formulation A4 at 40ºC/75% RH 

Storing 

period 

Visual 

appearance 

pH Viscosity 

(cps) 

Vesicle 

size (µm) 

Drug Content 

(%) 

Diffusion 

profile (%) 

Initial White semi 

solid gel 

6.20 27300 12.81±0.39 96.44±0.61 72.95±0.76 

After 1 

months 

No change in 

appearance 

6.19 27300 12.85±0.23 96.24±0.62 72.11±0.27 

After 2 

months 

No change in 

appearance 

6.13 27270 13.05±0.53 95.87±0.78 71.89±0.58 

After 3 

month 

No change in 

appearance 

6.01 27245 13.80±0.62 95.62±0.85 68.81±0.90 

 

 

Figure 31: Dissolution rate profile of formulation A3 stored under different storage 

conditions [25ºC/60% RH (A) and 40ºC/75% RH (B)] 

 

Figure 32: Dissolution rate profile of formulation A4 stored under different storage 

conditions [25ºC/60% RH (A) and 40ºC/75% RH (B)] 
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6. CONCLUSION 

    It can be concluded that transdermal route is an alternative route of drug delivery for 

systemic effect and gel formulations is considered ideal for transdermal delivery. In the 

present work  an attempt has been made to develop proniosomal gel of Candesartan Cilexetil 

using different concentrations of cholesterol, soya lecithin and surfactants (span 60 and tween 

60), for transdermal delivery. Since the formulation procedure is simple, inexpensive and less 

time consuming and from the results obtained it can be concluded that;   

 Proniosomal formulations can be conveniently prepared by slurry method using 

maltodextrin as carrier, span 60 and tween 60 as non-ionic surfactant, cholesterol and 

soya lecithin as stabilizers at different concentrations. 

  Preformulation parameters i.e. melting point and solubility of the drug were evaluated. 

The results found to be satisfactory and all the values obtained comply within 

pharmacopoeial limits. 

 Results obtained from IR studies confirmed that there are no any possible interactions 

between Candesartan cilexetil and other excipients. 

 All prepared proniosomal gel formulations were evaluated for different parameters such 

as visual appearance, pH, spreadability, and viscosity. The values obtained were found to 

be satisfactory and complies with standard range. 

 Results of rheological study showed all the formulation followed the non-Newtonian flow 

(shear thinning) as the shear rate increase viscosity of all formulation decreases which are 

required character for any transdermal gel. 

 The entrapment efficiency of proniosomal gel formulations with span 60 increases with 

decrease in cholesterol concentration, but  in case of proniosomal gel formulations with 

tween 60, the entrapment efficiency increases only in the presence of excess cholesterol.  
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 The average vesicular size of niosomes of all the gel formulations was measured in the 

range of 5.67µm to 13.58 µm. The result suggests niosomes prepared from slurry method 

were well identified, uniform in size and spherical in shape. 

 The microphotographs of all proniosomal formulations revealed that proniosome derived 

niosomes were uniform in size and spherical in shape. 

 Drug content of all proniosomal formulations was in the range of 96% to 101.88%.      

The results were reproducible and are within pharmacopoeial limits. 

 Twenty four hours of in-vitro diffusion studies revealed that the drug release from 

niosomal vesicle is dependent on concentration of cholesterol. In proniosomal gel 

formulations containing span 60, in-vitro drug release decreases with increase in 

concentrations of cholesterol. The drug release in proniosomal gel formulations with 

tween 60 is however a function of concentration and hence it increases with increase in 

the concentration of cholesterol. It is mainly due to the influence of phase transition 

temperature of surfactants and critical packing parameter of surfactants in vesicles. 

 All nine formulations have shown sustain release for the period of 24 hrs, which is due to 

concentration of cholesterol. At higher concentration cholesterol sustain release profile of 

the drug. 

 In-vitro skin permeation studies of proniosomal gel and normal gel formulation of 

Candesartan cilexetil were performed for the period of 24 hrs. Results showed 

proniosomal gel exhibited higher permeation rate compared to normal gel, this might be 

due to presence of non-ionic surfactants present in proniosomal gel. These non-ionic 

surfactants act as permeation enhancers and also increase drug flux across the skin. 

 Proniosomal gel formulation A3 was subjected to in-vivo pharmacokinetics studies.  

Results of pharmacokinetics parameters of transdermal proniosomal gel were compared 

with marketed tablet formulation. In-vivo pharmacokinetic studies of proniosomal gel 
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formulation A3 showed a significant increase in relative bioavailability (1.425 folds) 

compared with oral formulation of Candesartan cilexetil. 

 The drug release follows Higuchi’s model and mechanism was found to be Non- Fickian 

for A1, A2, A3, A7, A8, A9 formulation and Super case II for A4, A5, and A6 formulation. 

 Two optimized formulations were subjected to 3 month stability studies at specific 

temperature and relative humidity. There was no significant change in physical 

appearance, pH, viscosity, vesicle size, entrapment efficiency, drug content and in-vitro 

release profile. Thus, we can conclude that there is no any drug degradation during study 

period and prepared formulations were stable. 

From the above experimental data it can be concluded that the transdermal delivery of 

Candesartan cilexetil proniosomal gel formulations has been prepared by slurry method. 

Thus, proniosomal gel formulation of Candesartan cilexetil can be used in the future for 

treatment of hypertension with improved bioavailability. 
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7. SUMMARY 

       Oral route is most popular route of drug delivery. Inspite of being popular, this route is 

facing many problems like bioavailability, nausea, vomitting, first pass metabolism and other 

problems. In order to rectify these problems an alternative route, transdermal route has been 

selected. In transdermal route there is a less risk of side effects and drug toxicity. 

       Various approaches like solid dispersion, self-emulsification, complexation, vesicular 

approaches, polymorphism, salts formation, nanonization, etc are used to increase the 

solubility and bioavailability of poorly water soluble drugs. Among these vesicular method 

was selected. Different vesicular drug carrier like liposome, niosomes are well known for 

transdermal drug delivery but they are facing leakage, stability and aggregation problems.  

Hence, recent work was done to develop vesicular proniosomal system, which not only 

avoids problems related to liposomes and niosomes but also exhibit penetration power.                     

It mainly composed of different concentrations of cholesterol with span 60 and tween 60, 

which increases the penetration power of proniosomes. 

        Candesartan cilexetil is prodrug of potent long-acting and selective angiotensin (II) type-

1 receptor (AT1) antagonist, Candesartan. Candesartan cilexetil is taken for the treatment of 

hypertension and congestive heart failure. It is having many side effects like Headache, 

nausea, vomitting, dizziness, diarrhoea, abdominal pain, dry mouth, dental pain and relatively 

poor bioavailability (15%). So, administration of these agents via dermal route can bypass 

various disadvantages caused when administered orally and maintain relatively constant 

plasma level for long time which in term increases bioavailability. Hence in this study, an 

attempt has been made to formulate a topical proniosomal gel of Candesartan cilexetil.  

 All the preformulation studies revealed the drug meets the entire pharmacopoeial standard 

and the FTIR studies revealed the compatibility between the drug and other excipients. 
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 The niosomes from all the formulations were measured in the range of 5.67 µm to      

13.58 µm. For the preparation of proniosomal gel, carbopol used as gel base and gel was 

subjected to determine different properties of gels such as pH, spredability, viscosity, 

drug content, and in-vitro diffusion studies. All the results were found to be satisfactory.  

 The size of the proniosomes derived niosomes was measured by using optical 

microscope. Photomicrographs and scanning electron microscopy revealed that niosomal 

vesicles were uniform in size and spherical in shape.  

 The entrapment efficiency for proniosomal formulation was found in range of 62.70% to 

86.17%. Highest entrapment efficiency of 86.15% was found in proniosomal formulation 

containing span 60 with high concentration of cholesterol and 82.76% in proniosomal 

formulation containing tween 60 with higher concentration of cholesterol.  

 In-vitro diffusion study was carried out to determine percentage drug release.               

The result revealed that formulation A3 containing optimum concentration of span 60 and 

cholesterol (2:1ratio) showed highest percentage drug release (93.81%), while 

formulation A7 cholesterol: tween 60 in 1:1 ratio exhibited lowest percentage drug release 

(57.62%) in 24 hrs.  

 Results of release kinetics revealed that the release followed Higuchi’s model and release 

mechanism of Non- Fickian for the formulation (A1, A2, A3, A7, A8, and A9) and Super 

case II mechanism for the formulation (A4, A5, A6).  

 In-vitro skin permeation study was conducted by using Albino rat skin. Comparative 

study on cumulative percentage of drug permeated through proniosomal gel and normal 

gel formulation was conducted. Results of permeation study revealed that proniosomal 

gel formulation showed higher skin permeation (51.25%-85.65%) compared to normal 

gel (46.98%). 
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 Based on the results of encapsulation efficiency, in-vitro diffusion studies and in-vitro 

skin permeation studies formulation A3 was found to be optimized formulation and 

subjected to in-vivo pharmacokinetic studies. In-vivo pharmacokinetic studies of 

proniosomal gel formulation A3 showed a significant increase in bioavailability         

(1.425 folds) compared to oral formulation of Candesartan cilexetil. 

 Stability studies were carried out for about three month for formulation A3 and A4 under 

specific temperatures and RH. No significant change in physical appearance, pH, 

viscosity, drug content, vesicle size, entrapment efficiency and cumulative percentage 

drug release indicates that both the formulations showed no degradation of drug during 

storage, thus found to be stable during storage period. 

   Hence, it can be summarized that physico-chemically stable Candesartan cilexetil             

proniosomal gel was prepared by slurry method, which not only increases solubility but 

also increases the bioavailabity of Candesartan cilexetil. 
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