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1. INTRODUCTION 

 

Topical drug delivery systems are localized drug delivery system for local delivery of therapeutic agents via skin to treat 

the cutaneous disorder. These systems are generally used for local skin infection. The formulations are available in different 
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ABSTRACT

The  Development  and  Characterization  of  a  Deep  Eutectic  Mixture-Based  Topical  Gel  for  Sustained  Delivery  of

Prednisolone Topical Drug Delivery Systems offer advantages such as localized treatment and avoidance of hepatic first-

pass metabolism, yet their efficacy is often limited by the stratum corneum and the poor solubility of many potent drugs.

This thesis addresses the low aqueous solubility of prednisolone, a widely used corticosteroid, by developing a specialized

topical  formulation  for  sustained  drug  release.  The  primary  objective  was  to  enhance  prednisolone  solubility  and

incorporate  it into an optimized topical gel. This was achieved through the innovative use of a Deep Eutectic  Mixture

(DES),  specifically  prepared  with  Choline  Bitartrate  and  Benzoic  acid.  The  resulting  Deep  Eutectic  Mixture  System

(DESM)  successfully  solubilized  the  prednisolone,  making  it  suitable  for  dermal  application.  The  DESM  was  then

integrated into a topical gel using Carbopol 934P as the gelling agent. Various formulations were prepared and rigorously

evaluated for critical physicochemical properties, including pH (optimally ranging from 7.18  \pm 0.015 to 7.36  \pm 0.021),

spread ability, and viscosity. The optimized formulation, designated F18, demonstrated superior performance, achieving a

significant drug release of 86.94  \pm 1.23\% over 24 hours in in vitro studies. Kinetic modelling confirmed that the drug

release from the optimized gel followed the Higuchi model (R^2=0.996), which is characteristic of a sustained-release

mechanism.  The  results  indicate  that  the  combination  of  DESM  technology  with  a  topical  gel  formulation  is  a  highly

effective strategy for creating a novel and stable delivery system that significantly enhances the solubility and provides

sustained bioavailability of poorly water-soluble drugs like prednisolone for improved therapeutic outcomes.

KEYWORDS:  Deep Eutectic Mixture (DES), Topical Drug Delivery, Sustained Release, Stratum Corneum, Deep

Eutectic Mixture System (DESM), Higuchi Model, Solubility Enhancement.
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forms, like from solid through semisolid to liquid. If the drug substance in the solution has a favorable lipid/water partition 

coefficient and if it is a non-electrolyte, then drug absorption is enhanced via the skin. Dermatological products have 

various formulation and range in consistency though the most popular derma products are semisolid dosage forms. Dermal 

products applied topically are categorized based on those applied to produce local effects and systemic effects. These 

systems are generally used for local skin infections whereas other route of drug administration fails (Ashara K et al., 2017). 

Drug molecules with low doses delivered through topical route effectively that are limited to a small area anywhere in the 

body. Stratum corneum is lipid-rich in nature composed of 40% lipids, 40% protein, and only 20% water. Lipophilic 

character of the drug is best suited for topical delivery whose transport is aided by dissolution into intercellular lipids 

around the cells of the stratum corneum. However, hydrophilic drugs are difficult to transport to the stratum corneum layer 

because of its low water content. These molecules are absorbed into the skin through "pores" or openings of the hair follicles 

and sebaceous glands that restricts drug absorption. Percutaneous absorption is an ideal factor considered in topical drug 

delivery systems in order to achieve and maintain a uniform, systemic, therapeutic levels throughout the duration of use. 

The drug delivered passively via skin should have adequate lipophilicity and a molecular weight of less than 500 Da. Drugs 

applied via dermally reaches the area in optimum concentration by reducing the side effects and by increasing 

bioavailability and patient compliance (Kaur J and Gupta G et al., 2016).  

 

In topical drug delivery, the skin is one of the main and accessible organs on the human body. Stratum corneum forms a 

major penetration barrier to penetrate the drugs into and through the skin. However, this layer makes selective towards the 

delivery system. A key aspect of topical drug delivery is to make skin as a target organ for diagnosis and treatment. This 

review has more concerned with all detailed information regarding the conventional and current advances in topical drug 

delivery (Bhowmik D et al., 2012) 

 

1.1 Topical Drug Classification System (TCS) 

Based on qualitative & quantitative composition, TCS provides a framework for classifying topical drug products. Topical 

drug products are classified into 4 classes. With the purpose to formulate an efficient and effective topical preparation, 

considerations are mainly concerned with the site of action of the drugs and its effect (Shah VP et al., 2015). Topical 

preparations may be used produce: 

 

1.1.2 Advantages of topical drug delivery systems (Prausnitz et al., 2008) 

• Targeted Treatment 

• Localized Effect Convenient to use and easy to apply. 

• Reduced Systemic Side Effects. 

• Convenience and Ease of Use 

• Non-Invasive Route 

• Avoidance of primary pass metabolism. Suitability for Dermatological Conditions Self-medication. 

• Suitable for Specific Populations 

• Avoids fluctuation in drug levels and risks. 

• A large area of application compared to others route. 

• Easily to terminate the medications 

 

1.1.3 Disadvantages of topical drug delivery systems (Kute S et al., 2013) 

• The major disadvantage of the topical route is that the drugs having poorly lipid-soluble and high molecular weight are 

not absorbed by the skin or mucous membranes.  

• Rapid onset of action may not be possible as the drug takes some time to penetrate (absorb). 

• Patients feel uncomfortable, as staining or messing of clothes is often associated with the use of ointments, creams, pastes, 

and gels. 

• Another disadvantage of the topical route is that it has no dosing accuracy. 

• It is difficult to formulate with different drugs and ingredients or excipients. 

• It is not suitable for all patients; some patients may face local skin irritation or allergenic reactions. 

 

1.1.4  Factors Affecting Topical Drug Delivery System 

The success of topical drug delivery is dependent on the interplay among various factors (Flynn GL, Hollinger MA, 

Kydonieus AF and Behl CR et al., 2004) 

• Physiological factors 

• Physicochemical properties of the drug 

• Formulation components and their interactions 

Physiological factors concern mainly the properties of the skin such as thickness, hydration level and hair follicle density. 

These properties can demonstrate high individual variability depending on the age, gender, race, anatomical site, general 

health and environment condition such as temperature and humidity. In order to minimize the effects of such physiological 
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variability, the rate-limiting step for topical drug delivery should reside in the formulation instead of the biological barrier. 

The drug physicochemical properties almost invariably influence its ease of diffusion through the topical vehicle as well 

as permeation through the skin or mucosal surfaces. Properties of great significance include the molecular size as reflected 

by the molecular weight, partition coefficient between the vehicle and skin, melting point, stability, and chemical 

functionality which influence ionization potential, binding affinity and drug solubility in the vehicle. The role of vehicle 

formulation is evident through its effect on the drug as well as the site of application. The effect on the drug encompasses 

drug diffusion, thermodynamic activity, stability and degree of ionization of weakly acidic or basic drugs. The effect on 

the site of application is associated with modification of barrier property via chemical changes imparted by simultaneous 

uptake of formulation components and physical occlusion. These processes promote skin hydration or changes that increase 

drug penetration. The formulation factor also has an impact on vehicle consistency and viscosity which in turn, determine 

the adhesion and retention properties of the vehicle. 

 

2. AIM AND OBJECTIVE 

 

Preparation of deep eutectic mixture gel containing prednisolone for skin delivery. 

 

Rationale 

Prednisolone is a medicine that belongs to a group of medicines called corticosteroids. Corticosteroids are synthetic 

(manufactured) versions of a natural body chemical called cortisol. This medicine helps reduce inflammation in your body 

or suppress your immune system. Prednisone is a different medicine that is related to prednisolone and works in the same 

way to treat inflammatory diseases. Your doctor will prescribe the medicine and dose that is most suitable for your 

condition. 

 

Topical corticosteroids are an essential tool for treating inflammatory skin conditions such as psoriasis and atopic 

dermatitis. Topical corticosteroids are classified by strength and the risk of adverse effects such as atrophy, striae, rosacea, 

telangiectasias, purpura, and other cutaneous and systemic reactions. The risk of adverse effects increases with prolonged 

use, a large area of application, higher potency, occlusion, and application to areas of thinner skin such as the face and 

genitals. When prescribing topical corticosteroids for use in children, lower potencies and shorter durations should be used. 

Topical corticosteroids can work safely and effectively in patients who are pregnant or lactating. They are available in 

formulations such as ointments, creams, lotions, gels, foams, oils, solutions, and shampoos. The quantity of corticosteroid 

prescribed depends on the duration of treatment, the frequency of application, the skin location, and the total surface area 

treated. Correct patient application is critical to successful use. Patients may be taught application using the fingertip unit 

method (Stacey et al., 2008). 

 

Prednisolone is a medicine used to treat a wide range of health problems including allergies, blood disorders, skin diseases, 

inflammation, infections and certain cancers and to prevent organ rejection after a transplant. It helps by reducing swelling 

(inflammation) and can also calm down your immune system. This helps autoimmune conditions, like rheumatoid arthritis, 

where your immune system mistakenly attacks its own tissue Prednisolone is a steroid or corticosteroid medicine. 

Corticosteroids are not the same as anabolic steroids. In addition to being painless, it enables both local and systemic 

delivery of therapeutics in a safe and controlled manner for a prolonged period of time, with the option of discontinuing 

treatment at any point. Skin has certain advantages over other non-invasive routes such as oral delivery which suffers from 

hepatic first pass metabolism, low oral absorption/bioavailability requiring frequent intake of large doses, or drug-

dependent gastrointestinal irritation. In this study, we present a carrier system as a novel transdermal delivery material that 

can significantly improve penetration of drug through the skin. Deep eutectic mixture (EM) is a mixture of more than one 

substance that does not interact individually to create a new entity but in a particular ratio that exhibits a lower range of 

melting point than it had in individual. Deep eutectic solvents derivatives (DESDs) and Deep eutectic solvents (DESs) have 

low toxicity characteristics. As well as it increases drug solubility, bioavailability and permeability. Thus, it plays a 

significant role in drug delivery (Smith E.L et al., 2014). The aim of the present study was to prepare a eutectic mixture 

formulation of Prednisolone to improve the drug solubility and the skin permeability. 

 

3. MATERIALS AND METHODS 

 

 2.1 Materials and Method 

Table 2.1: List of materials used 

Sr. No. Material Source 
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          1. 

 

Prednisolone 

 

Anant Pharmaceuticals Pvt. Ltd. 

 

2. 

 

Choline Bitartrate 

 

Spectrum Chemical, United States 

 

   3. 

 

Urea 

 

Fischer Scientific 

 

 4. 

 

Phenol 

 

Qualikems 

 

 5. 

 

Lactic Acid 

 

Qualikems 

 

 6. 

 

Benzoic Acid 

 

Central Drug House 

 

7. 

 

Citric Acid 

 

lobachemie 

 

8. 

 

Menthol 

 

lobachemie 

 

 9. 

 

Rescorcinol 

 

lobachemie 

 

10. 

Carbapol 934P lobachemie 

 

 

Table 2.2: List of Equipments Used 

 

Sr. No. 

 

Name of equipment 

 

Manufacturer 

1. UV Spectrophotometer Shimadzu, Japan 

               2. Magnetic Stirrer REMI Equipment, Mumbai 

               3. pH meter Ohaus, USA 

               4. Digital Balance Shimadzu, Japan 

               5. Melting Point Apparatus Remi Equipment, Mumbai 

               6. Vortex mixer REMI Equipment, Mumbai 

               7. Cooling Centrifuge REMI Equipment, Mumbai 

               8. FTIR Spectrometer Perkin Elmer 
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               9.    Water Bath Shaker NSW India 

               10. Vortex Shaker REMI Equipment, Mumbai 

   

4. METHODOLOGY 

 

3.1.1. Pre-formulation studies 

Pre-formulation is an integral part of the entire development process. It is the study of the physical and chemical properties 

of the drug prior compounding process. These studies focus on those physicochemical properties of the drug that could 

affect its performance and development of an efficacious dosage form. A thorough understanding of these properties may 

ultimately provide a rationale for formulation design, or support the need for molecular modification. In the simplest case, 

these pre-formulation investigations may merely confirm that there are no significant barriers to the compound’s 

development. These studies are indispensable protocol for development of safe, effective and stable dosage form. The 

obtained drug sample was identified by various analytical techniques such as IR spectroscopy, UV spectroscopy, melting 

point etc (Ali J et al., 2008 and Acharya PC et al., 2018). 

 

3.1.2. Organoleptic Properties 

The organoleptic studies like general appearance like nature, colour, Odor etc. were performed by visual observations. 

Color: Small quantity of drug was taken in butter paper and viewed in well illuminated place. 

Odor: Very less quantity of drug was smelled to get the odor. 

 

3.1.3. Melting Point 

The melting point of the solid is defined as the temperature at which solid and liquid are at equilibrium at a total pressure. 

Melting point apparatus is used for the determination of melting point of the drug. A few amounts of the drug were placed 

in a thin-walled capillary tube 10-15 mm long, about 1 mm inside diameter, and closed at one end. The capillary, which 

contains the sample, was suspended to heat the samples slowly and evenly and thermometer placed to check the 

temperature. The temperature range over where the sample is observed to melt is taken as the melting point of the drug 

(Williams RL et al., 2006). 

 

3.1.4 UV absorption maxima of Prednisolone 

UV-visible spectrophotometer is generally used for structural information of various drugs to obtain specific information 

on the chromophoric part of the molecules in solution when exposed to light in the visible/ultraviolet region of the spectrum 

absorb light of particular wavelength depending on the type of electronic transition associated with the absorption. The UV 

spectrum is generally recorded as a plot of absorbance versus wavelength. 

Double beam UV-visible spectrophotometer (Shimadzu, UV-1800, Japan) was used to know the λmax of drug. 36μg/ml 

solution of Prednisolone was scanned in the range of 200-400 nm (Kashyap et al., 2012). 

 

3.2 Estimation of Prednisolone by UV-visible spectrophotometer 

3.2.1. Preparation of Stock Solution 

Standard stock solution of Prednisolone was prepared by dissolving 10mg of Prednisolone in 10ml of methanol which 

gives 1000μg/ml. 10ml of this stock solution was taken and was diluted up to 100ml by using methanol (solvent) to produce 

a concentration of 100μg/ml solution. 

 

3.2.2. Preparation of Working Solution 

The standard stock solution of Prednisolone (100μg/ml) was prepared in methanol. This solution was diluted with methanol, 

to obtain various dilutions from 6-36 μg/ml. Absorbance of these solutions was recorded at 243nm against methanol as 

blank using UV-visible spectrophotometer and standard curve was plotted against concentration. From the calibration curve 

intercept, slope, straight line equation and correlation coefficient were obtained. 

 

5. SOLUBILITY STUDIES 

 

The spontaneous interaction of two or more substances to form a homogenous molecular dispersion is called solubility. 

For quantitative solubility study, excess amount of drug was taken in thoroughly cleaned culture tubes containing 3 ml of 

different solvents and Culture tubes were tightly closed. These Culture tubes were shaking on water bath shaker at 25°C 

for 24 h at room temperature. After 24 h each sample was centrifuged 15,000 rpm and supernatant was withdrawal. 
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After that Page 52 supernatant was filtered and filtrates was suitably diluted and determined spectrophotometrically 

(Zakeri-Milani et al., 2011). 

 

4.1.1 Partition Coefficient of Drug 

Partition coefficient (oil/water) is a measure of a drug’s lipophilicity/hydrophilicity and an indication of drug’s ability to 

cross cell membranes. It is defined as the ratio of unionized drug distributed between the organic and aqueous phases at 

equilibrium. Partition coefficient provides a means of characterizing the lipophilic/hydrophilic nature of the drug. Drugs 

having values of P much greater than 1 are classified as lipophilic, where as those with values much less than 1 are indicative 

of a hydrophilic drug. The partition coefficient is commonly determined using an oil phase of n-octanol and water. In the 

case n-octanol and water: 

 

P o/w = C n-octanol/C water 

 

The partition coefficient (Po/w) therefore is the quotient of two concentrations of drug in noctanol (Cn-octanol) and water 

(Cwater) respectively and is usually given in the form of its logarithm to base 10 (log P) 

(https://www.cdek.liu.edu/api/108755/pricing/prednisolone). 

 

4.1.2. FTIR of Prednisolone and Excipients 

The FT-IR (Fourier Transform Infrared) spectra of a substance or medication can reveal the groups that are present. For 

structure investigation, FT-IR spectroscopy was employed. For the purpose of identifying any potential medication 

interactions with excipients, an FT-IR spectrum of a mixture of Prednisolone and other ingredients was recorded. The FT-

IR chamber received 1-2 mg of Prednisolone. The region between 4000 and 400 cm-1 of the infrared spectrum was 

observed (A Khaled et al., 2008). 

 

4.1.3 Drug-excipients Compatibility Study by FTIR 

The compatibility of drug with excipients was ascertained by FT-IR. FTIR was used as tool to detect any physical and 

chemical interaction between drug and excipients. Drug and various excipients were mixed thoroughly in ratio of 1:1. 

Samples were scanned by FTIR under the range of 400-4000 cm-1. The spectra of pure drug and drug with excipients were 

compared to check any incompatibility and physical changes. 

 

4.1.4. Preparation of Deep Eutectic Solvent Mixture of Prednisolone 

Choline chloride & Choline Bitartrate with a few chosen carboxylic acids were combined with aqueous media (5ml) at 

various ratios to create Deep Eutectic Solvent Derivatives (DESD). When homogenous solutions had formed, the mixtures 

were placed in vials and sealed. The oven temperature was set at 75°C. These samples were then kept at room temperature, 

and only those that continued to be liquid under testing conditions were evaluated as room-temperature solvents for model 

poorly soluble medicines. Due to their insufficient aqueous solubility, prednisolone was chosen as the model medication 

for the solubility experiment. A specific quantity of medication was given to a blank DESD solvent, followed by vigorous 

vortexing until the surplus solid remained undissolved, in order to establish the drug's solubility in DESDs. To achieve 

equilibrium, the final solution containing extra medication was allowed standing for 24hour (Farooq et al., 2020). 

 

Table 4.1.4: Screening of Carboxylic Acid for Deep Eutectic Solvent Mixture of Prednisolone 

 

Sr. 

No 

 

Formulation 

Code 

 

Carboxylic 

Acid Used 

 

Ratio 

 

Drug 

Prednisolone(mg) 

Choline 

 

Chloride(mg) 

Choline  

 

Bitartrate 

Carboxylic 

 

Acid 

 

1. 

 

  F1 

 

Benzoic 

acid 

 

1:1 

 

10mg 

 

10mg 

 

     - 

 

  10mg 

 

2. 

 

  F2 

 

Menthol 

 

1:1 

 

10mg 

 

10mg 

 

     - 

 

  10mg 

 

3. 

 

  F3 

 

Citric acid 

 

1:1 

 

10mg 

 

10mg 

 

     - 

 

  10mg 

https://www.cdek.liu.edu/api/108755/pricing/prednisolone
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4. 

 

 

  F4 

 

Phenol 

 

1:1 

 

10mg 

 

10mg 

 

     - 

 

  10mg 

 

5. 

 

  F5 

 

Urea 

 

1:1 

 

10mg 

 

10mg 

 

     - 

 

  10mg 

 

6. 

 

  F6 

 

Benzoic 

acid 

 

1:1 

 

10mg 

 

     - 

 

 10mg 

 

  10mg 

 

7. 

 

  F7 

 

Menthol 

 

1:1 

 

10mg 

 

      - 

 

 10mg 

 

  10mg 

 

8. 

 

  F8 

 

Citric acid 

 

1:1 

 

10mg 

 

      - 

 

 10mg 

 

   10mg 

 

9. 

 

  F9 

 

Phenol 

 

1:1 

 

10mg 

 

      - 

 

 10mg 

 

    10mg 

 

 

10. 

 

 F10 

 

Urea 

 

1:1 

 

10mg 

 

      - 

 

  10mg 

 

     10mg 

 

6. EVALUATION OF DEEP EUTECTIC SOLVENT MIXTURE OF PREDNISOLONE 

 

5.1 pH of the Solution 

For pH measurements, the freshly prepared solutions were kept at 25 ± 2 °C for a period of 30 min. After pH was measured 

at this temperature, each solution was placed in a water bath and heated gradually up to 60 °C. The pH was determined 

using digital pH meter (Skulcova et al., 2018). 

 

Drug Solubility 

The most popular shake-flask method was employed for the drug solubility experiment. Here, drug was solubilized in each 

DESD by stirring at room temperature and then, placed in a temperature-controlled water bath for 24 hrs to attain 

equilibrium. Later, the sample solutions were filtered before they attained the maximum solubility of drug in DESDs. The 

clear solutions were then assayed using a double beam spectrophotometer to measure the absorbance spectra, which depict 

drug solubilization (Li, Z and Lee et al., 2016). 

 

Drug Content 

Once the solubility is being measured, the solution containing both the drugs was filtered through a Millex 69 PES syringe 

filter unit with a 0.22 μm membrane. The drug concentration in the filtered DESD supernatant was determined 

spectrophotometrically on a UV-Vis spectrophotometer. The absorbance of Prednisolone was measured by diluting the 

filtered aliquots in methanol (Hayyan et al., 2023). 

 

5.2 Formulation of topical gel of DESM of Prednisolone 

The optimized formulation (F13) containing 1:2 ratio of Choline Bitartrate and Benzoic Acid was found to be effective and 

was selected as best formulation for the conversion of topical gel formulation. Carbopol 934 was used to prepare the gel 

base. In a certain volume of optimized formulation, the carbopol 934P was added to the desired concentration. Accordingly, 

different percentages of gel were prepared to obtain the appropriate concentration of the gel. The common percentage of 

carbopol gel making material is between 1%, 1.5% and 2%. After complete dispersion, it was placed at room temperature 

till the carbomer powder completely dissolved for 24 hours. 1N of NaOH solution was added it dropwise to take care of 

the pH. The developed topical gel was evaluated for various parameters (Madan et al., 2019). 

 

5.3 Physical appearance 

The prepared gel was examined for color, homogeneity and appearance. 

 

5.3.1 pH 

2.5 g of gel were accurately weighed and dispersed in 25 ml of water. The pH of the dispersion was measured by employing 

a digital pH meter (Huang et al., 2021). 
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5.3.2 Spreadibility 

Spreadability of gel was determined by laboratory fabricated apparatus that had two glass slides, the lower slide fixed to a 

wooden plate and the upper one attached to a balance by a hook. One gram of gel was placed on lower slide and weight 

was applied to the upper slide. On applying weight, the upper slide moved linearly in the direction of applied weight and 

the time required for complete displacement of the upper slide was recorded. Using the weight required for displacement 

spreadability was calculated by using Equation 1, 

 

S = m l / t …………….Eq (1) 

 

S is spreadability, m is the weight tied to the upper slide, l is the length of the glass slide and t is the time taken. 

 

5.3.3 Drug content 

The drug content of the prepared gel was administered by dissolving accurately weighed quantity of gel (1g) in 100 ml 

volumetric flask and volume was made up to 100 ml with solvent. The content was filtered through Whatman paper. 5 ml 

of above solution was taken into a 25 ml volumetric flask and volume was made up to mark with solvent. The content of 

both the drugs were estimated spectrophotometrically on a UV-VIS spectrophotometer. 

 

5.3.4 In-Vitro Drug Release Study 

This study was performed through dialysis membrane using Franz diffusion cell apparatus. The dialysis membrane is 

previously treated with 40% ethanol solution and soaked overnight. The treated membrane was placed in diffusion cell 

between the donor and acceptor compartments. About 1gm of gel was added to the treated membrane and the receptor 

compartment of the diffusion cell was filled with 7.4 pH phosphate buffer. The whole assembly was fixed on a magnetic 

stirrer, and the solution in the receptor compartment was constantly and continuously stirred using magnetic beads at 100 

rpm, the temperature was maintained at 37 ±0.50°C. The samples of 1 ml were withdrawn at time interval of 0.25 to 24 hrs 

analyzed for drug by using UV method. The receptor phase was replenished with an equal volume of 7.4 pH buffer at each 

time of sample withdrawal (Lu, W., and Chen, H. et al., 2022). 

 

5.3.5 Drug release kinetic studies 

Numerous mathematical operations that serve as the cornerstone of model-dependent techniques explain the release profile. 

Once a suitable function has been selected, the model parameters that were acquired are used to evaluate the release profiles. 

The results from the ex vivo permeation studies were visualised using the following methods of data treatment; (Dash S et 

al., 2010 and Islam M et al., 2010 and Shreeraj H et al., 2009) 

• Zero Order model 

• First Order model 

• Higuchis Model 

• Korsmeyer-Peppas model 

 

5.3.6 Zero order kinetics 

It can be used to explain the dissolution of a variety of modified release pharmaceutical dosage forms, including certain 

transdermal systems, matrix tablets with coated low soluble medicines, osmotic systems, etc. The simplest way to describe 

a zero order release is as follows: 

 

Q0 - Qt = K0t 

 

Where Q0 represents the initial concentration of the drug in the solution (typically, Q0= 0), Qt represents the amount of 

drug dissolved in time t, K0 represents the zero order release constant represented in units of concentration/time. Data from 

in vitro drug permeation tests were shown as the cumulative amount of drug released vs time to analyse the release kinetics. 

 

5.3.7 First order kinetics 

It can be used to describe how pharmaceuticals dissolve in pharmaceutical dosage forms, such as those that incorporate 

porous matrices that contain water-soluble medications. The equation can be used to describe the drug's first order kinetics-

based release: 

 

log C = log C0– K.t / 2.303 

 

Where k is the first order rate constant, t is the time, and C0 is the starting drug concentration. When the data are plotted 

as log cumulative percentage of medicine remaining vs. time, a straight line with a slope of K/2.303 results from the data. 
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5.3.8 Higuchi’s Model 

This model predicted the matrix system's drug release. Prior to being expanded to other geometrical and porous systems, 

it was mostly regarded for planar systems. This model is predicated on the following hypotheses: I initial drug concentration 

in the matrix is significantly higher than drug solubility; (ii) drug diffusion occurs only in one dimension (edge effect must 

be negligible); (iii) drug particles are much smaller than system thickness; (iv) matrix swelling and dissolution are 

negligible; (v) drug diffusivity is constant; and (vi) perfect sink conditions are always attained in the release environment. 

Higuchi was the first to create an equation to express the square root of a time-dependent process based on Fickian diffusion 

as the release of a medication from an insoluble matrix. Following is the simplified Higuchi equation; 

 

Qt = KH (t) 0.5 

 

Where Qt is the drug's release rate constant according to the Higuchi model, and KH is the drug's release rate constant over 

time. The data provides a straight line when the cumulative drug release is plotted against the square root of time, showing 

that the drug was released by diffusion mechanism. The slope is equal to ‘KH’. 

 

5.3.9 Korsmeyer-Peppas Model 

The drug release from a polymeric system was described by Korsmeyer using a straightforward connection. The equation 

put forth by Korsmeyeret a can be used to characterise the release rates from controlled release polymeric matrices.  

 

Q = K.tn 

 

Where, Q is the percentage of drug released at time‘t’ K is a kinetic constant incorporating structural and geometric 

characteristics of the tablets and ‘n’ is the diffusional exponent indicative of the release mechanism. 

 

For Fickian release, n=0.45 while for anomalous (Non-Fickian) transport, n ranges between 0.45 and 0.89 and for zero 

order release, n = 0.89. The Korsmeyer-Peppas model was plotted between log cumulative % drug releases versus log time. 

 

7. RESULTS AND DISCUSSIONS 

 

6.1 Result of preformulation study of drug 

•FT-IR spectra the aim of preformulation studies is to examine the physical and chemical properties of a drug substance. 

The selected drug Prednisolone was subjected for investigation of physical characterization parameters such as: 

•Organoleptic properties 

•Melting point 

•UV-visible spectra 

•Solubility 

•Partition coefficient 

 

6.1.1 Organoleptic properties 

Organoleptic properties of drug Prednisolone found to be as per literature (Barth, J. et al., 1992) 

 

6.1.2 Melting Point 

The temperature at which a substance transitions from its solid to liquid state under a single atmosphere of pressure is 

known as the melting point of that substance. The drug's purity is implied by the melting point determination. 

Prednisolone’s melting point was established using the capillary tube method, and it was discovered to be remarkably 

similar to the previously reported melting point. 

 

Table 6.1: Melting Point of Prednisolone 

Drug Reference M.P. Observed M.P. 

Prednisolone 240°C 239.3°C±0.577 

 

6.1.3. UV Spectroscopy 

A double beam UV-visible spectrophotometer was used for quantitative analysis of the drug. A 36 μg/ml solution of 

Prednisolone in methanol was scanned in the range of 200-400 nm. The result of UV spectrum of Prednisolone shown in 

Figure. 6.1 
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Figure 6.1: UV Spectrum of Prednisolone 

 

6.1.4 Solubility studies 

Solubility of drug in various solvents, were carried out in order to screen for the components to be used for formulation 

development. Analysis of the drug was carried out on UV Spectrophotometer. 

 

Table 6.2: Solubility studies of Prednisolone for different solvents 

Sr. No. Solvent Solubility in (mg/ml) (mean±SD) 

1 Methanol 97.382±0.727 

3 Ethanol 82.47±0.363 

4 Acetone 11.30±0.03 

5 Water 0.15±0.19 

6 PB pH 7.4 0.10±0.005 

* Each value is average of three independent determinations 

 

6.1.5 Partition coefficient determination 

Partition coefficient of the Prednisolone was determined using n-octanol and water. Log P greater than one indicates that 

the drug is lipophilic in nature, whereas those with partition coefficients less than one are indicative of a hydrophilic drug. 

This indicated the lipophilicity and purity of drug. 

 

Table 6.3: Partition coefficient determination of Prednisolone 

Partition coefficient of drug Solvent system Log P Values 

Prednisolone n-octanol:water 1.002±0.004 

Value is expressed as mean ± SD; n = 3 
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8. SUMMARY AND CONCLUSION 

 

A wide variety of pharmaceutical dosage forms can be used in the delivery system for topical drugs. The topical delivery 

with gels can increase the resistance time of the drug on the skin and improve the delivery and release of the substance by 

increasing the residence time at the site. 

 

In present investigation we have DESM of prednisolone to increase the residence time, bioavailability and onset of action.  

 

On physicochemical evaluation, melting point of prednisolone was found to be 239.3°C±0.577. On UV spectrophotometer 

analysis absorption maxima of prednisolone were found to be 243 nm in methanol solvent. The partition coefficient of 

prednisolone in n-Octanol: Water was found to be 1.002±0.004. This indicates that the drug prednisolone is lipophillic in 

nature. As far as solubility profile is concerned, prednisolone the drug was found highly soluble in acetone, chloroform 

and methanol. On FTIR spectroscopy analysis there was no interaction between drug and polymer. 

 

The DESM of prednisolone was prepared. The method of preparation of was found to be simple and reproducible. The 

physical appearance of all the formulation wars evaluated and was successfully able to have a transparent appearance with 

addition of drugs. The solubility study of drug revealed that F13 was having maximum prednisolone solubility. Further, 

upon altering the ratios, F13 have maximum drug solubility 16.17±0.555mg/ml was found. The drug content of the 

formulation F13 was found to contain 98.433±1.04% of prednisolone. 

 

The optimal formulation was selected to preparation of topical gel with Carbapol 934P in different concentration. The pH 

of the prepared topical gel was found to be in the range from 7.18±0.015 to 7.36±0.021. Upon spreadibility study, the gels 

were found to have optimum results. Percentage drug content was obtained in all formulations with gel formulation was 

found to be in a range of 92.21±0.908 % to 99.76±0.343 % prednisolone The drug release from the topical gel prepared in 

formulation F18 achieved respective amount of individual drug release contributing 86.94±1.23% within 24 hr. 

 

The best fit model has Higuchi as per high regression coefficient value. Hence from all aspects; we concluded that the 

release of drugs can be sustained release by proper designing of the formulation and selection of a suitable method of 

preparation. In this study we successfully produced sustained released drug delivery systems for the simultaneous drug 

release of prednisolone. This was achieved by processing them into DESM using Choline Bitartrate and Benzoic acid. The 

data reported herein clearly demonstrate that the drug solubility of poorly water-soluble drug enhanced by various folds, 

making it an ideal candidate to formulated into a topical gel. 
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