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ABSTRACT:
Dapsone is antibacterial medication which is used in the treatment of leprosy anddermatological conditions like dermatitis herpetiformis. It belongs to a sulfones class ofdrugs. It belongs to class-2 drug of BCS which has low solubility and high permeability.The main aim of the study is to develop different formulations of dapsone to increase thesolubility and bioavailability. The different techniques for improving solubility for dapsoneare nanoprecipitation, solvent evaporation method, fusion method, nanosuspension, Micronization . The prepared product was evaluated for drug content, solubility and meltingpoint. The formulations are prepared by each technique. The formulations were developedby nanoprecipitation, micronisation, solvent evaporation and fusion method andnanosuspension technique. Out of the all formulations, optimised formulation prepared bynanoprecipitation exhibiting drug content of 88.3% and solubility has been increased to96%. Optimised formulation prepared by solvent evaporation method exhibiting drugcontent of 90% and solubility has been increased to 102%. Optimised formulation preparedby fusion method exhibiting drug content of 113% and solubility has been increased to116%. Optimised formulation prepared by micronisation method exhibiting drug content of112% and solubility has been increased to 88%. Optimised formulation prepared bynanosuspension method exhibiting drug content of 100% and solubility has been increasedto 92.5%. 
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INTRODUCTION:
An important physiochemical property of drug substance is solubility, especially aqueoussystem solubility. To achieve therapeutic efficacy a drug should have a property of aqueoussolubility. For drug to enter systemic circulation and exert a therapeutic effect it must be in asolution. Therefore, solubility defined as ‘’concentration at which the solution phase isequilibrium with solute at a stated temperature and pressure’’. Solubility is the property of a



solute (solid, liquid or gaseous) to dissolve in a solvent (solid, liquid or gaseous) to form a homogeneous solution of the solute in the solvent. The solubility of a substance fundamentally depends on the solvent used, temperature and pressure.
     If the solubility of drugs substance is less than desirable, consideration must be given toimprove its solubility. The methods to accomplish this, depends on chemical nature of drugand type of drug product under consideration. Chemical modification of drug into salt orester form are frequently used to increase solubility. A drugs solubility is usually determinedby the equilibrium solubility method, by which an excess of drug is placed in solvent andshaken at constant temperature over a long period until equilibrium is obtained. Chemicalanalysis of drug contain in the solution is performed to determine degree of solubility. Theextent of solubility of substance in a specific solvent is measured as the saturationconcentration, where adding more solute does increase its concentration in the solution [1].
   Knowledge of the solubility of a drug is also important during manufacturing of soliddosage forms such as orally administered drugs, liquid dosage forms such as injectables andother dosage forms. Solubility enhancement remains one of the primary areas of focusduring the formulation development phase, there are several situations that may requiresolubility reduction and enhancement. The extent of solubility ranges widely from infinitelysoluble (fully miscible) such as ethanol in water, to poorly soluble, such as silver chloride inwater. The term insoluble is often applied to poorly or very poorly soluble.

 Table 1: Tabular form of Solubility criteria as per USP
Descriptive term Part of solvent required per part of solvent
Very soluble 
Freely soluble
Soluble 
Sparingly soluble
Slightly soluble
Very slightly soluble
Practically insoluble

              <1
             1-10
            10-30
            30-100
           100-1000
           1000-10,000
           10,000 and over

IMPORTANCE OF SOLUBILITY
                Solubility is one of the important parameters to achieve desired concentrationof drug in systemic circulation for achieving required pharmacological response. Poorlywater-soluble drugs often require high dose in order to reach therapeutic plasmaconcentrations after oral administration. The improvement of drug solubility there by itsoral bioavailability remains one of the most challenging aspects of drug developmentprocess especially for oral drug delivery system. There are numerous approaches



available and reported literature to enhance the solubility of poorly water-soluble drugs.         
         In pharmaceutical field solubility parameters are primarily used to guide organicsolvent selection co crystals and salt screening, lipid-based delivery, solid dispersions andnano or micro particulate drug delivery system. Enhance bioavailability of poorly solubledrugs (BCS class II, class IV) a new drug with pH dependent, poor solubility (< 10ug/ml)at intestinal pH and low medium permeability this results in poor drug bioavailability andprecipitation in intestinal fluids. With the cryo-spraying technology it was possible toformulate the drug as solid dispersion into amphiphilic lipid based micro spheres toimprove dissolution profile.
          Controlled release of highly soluble BCS class I drugs. Metoclopramide is a highlysoluble, highly absorbable drugs used to treat GI disorders and as antiemetic inchemotherapy treatment. Very bitter taste it is usually administered 3 to 4 times a day.Improve bioavailability of celecoxib. Celecoxib is considered in BCS class II drug which hasPoor drug solubility leads to sporadic. As other cox 2i, its cardiovascular toxicity limits itswider therapeutic application.  In pre-formulation studies, Solubility is an essential andextensively studied parameter. It focuses on drug solvent system that could occur in drugdelivery system. In medicine, solubility plays a critical role in drug effectiveness. Withoutdrug substance cannot be observed, leading to low bioavailability, poor solubility of druglead to other issues such as challenges with metabolism or permeability, interactionswith other drugs or the need to extend drug release. The negative effect of compoundswith low solubility includes poor absorption and bioavailability, insufficient solubility forIV dosing, development challenges leading to increasing the development cost and time,burden shifted to patient.
    Currently only 8% of new drug candidates have both high solubility and permeability.Nearly 40% of the new chemical entities currently being discovered are poorly watersoluble. Any drug to be absorbed must be present must be present in the form of anaqueous solution at the site of absorption [1,2].

NANO-PARTICLES:
These are defined as particle of matter ranging between 1 to 100nm in diameter. They areultrafine particles; these are distinguished from microparticles by size ranges between 1to1000micrometer. These are taken in oral route by compressing the powder into the tabletas solid dosage form. These are usually observed in electron microscope or with laser. In thesolution as they are smaller in sizes observed in wavelength of visible light [9]. They can easilypass through normal filter paper and some requires special nanofiltration technique. Thesenanoparticles are used in various sectors such as agriculture, automotive, construction,cosmetics, electronics, medicine, food, textile etc.

NANOPRECIPITATION TECHNIQUE:



 The technique is used to produce nanoparticles is nanoprecipitation. This technique was first developed and patented by Fessi and his co-workers in 1989. It has numerous advantages and easy to prepare. The entire procedure is carried out in single step as it requires two solvents which are miscible. Both the polymer and drug must dissolve in first system (the solvent) not the second system (the non-solvent). Nanoprecipitation occurs by de solvation of polymer when added to non-solvent results i [7].  
SOLID DISPERSION: 
Solid dispersion, defined as the dispersion of one or more pharmaceutical active ingredients(API) into a carrier at a solid state. The product of solid dispersion contains both hydrophilicand hydrophobic matrix. When drug and polymer in contact then drug occupies emptyspaces in polymeric chains and thus drug is incorporated into carrier Solid dispersionsobtained as powder form which are compressed into solid dosage form. These are preparedby solvent and fusion methods. The selection of the procedure for preparing solid dispersiondepends mainly upon interaction between drug and carrier. Carrier used in this method arepolymers and the selection of carrier is an important parameter in preparation of soliddispersion, especially the carrier must be water soluble. Solid dispersion has betterdissolution rate due to reduced particle size and increased particle porosity [16].
SOLVENT EVAPORATION METHOD: 
It is also called as solvent evaporation method. It is a technique in which physical mixture ofAPI (drug) and the carrier is dissolved in the common solvent and is evaporated until a clearsolvent solid mass is obtained and solid mass is further dried. In this method the drug andcarrier are co-precipitated to form micro particles. The first step involved in the solventevaporation method is solution preparation containing solvent and drug. The second stepinvolves evaporation of solvent by heating a which result in the formation of solid dispersionof product. The molecular level mixing of drug and polymer occurs. Due to this optimumdissolution/solubility is achieved [17].
                      In solvent method introduction of solvent causes weak cohesive inter and intramolecular interactions of polymer chain which in turn causes incorporation of dissolved drugmolecules into loose polymer chains This method used to increase the dissolution poorlywater-soluble drug which improves the stability, bioavailability and solubility. The mainadvantage of this approach is that it avoids both drug and polymer thermal degradation i.e.,organic solvents are evaporated at low temperature. The disadvantage in this method isphase separation (solvent removal) and expensive preparation. 
FUSION METHOD: 
Fusion method is a physical mixture of a drug the mixture is melted by preparing watersoluble carrier as it is heated directly. After heating we will get a solid mass and this solidmass is crushed pulverised and   sieved. During melting process, the drug or carrier maydecompose due to high temperature. As heating the mixture in a sealed container or undervacuum or in the presence of inert gas like nitrogen we can prevent or overcome anyproblem. Fusion method is a technique used to increase the solubility as low soluble drugs.This method is to increase the dissolution rate and bioavailability of the substanceTherefore, improving their therapeutic effect and effectiveness [20].
Selection of fusion method for solubility enhancement depends on various factors such asphysiochemical properties of the drug, and route of administration, plus, dosage form.Moreover, a systemic evaluation of different fusion methods and their impact on solubility is



typically required to determine the most suitable approach for a specific drug or compound. Fusion method play an essential role in the formulation development of poorly soluble drug. There are certain fusion methods that enhance the solubility of drug and to increase the oral bio availability.                                                                                                                                                                      Generally, the fusion method technique can be used in solubility enhancement especially in pharmaceutical development. It contains poorly water-soluble drug into solid dispersion matrix though the process of fusion or melting.
MICRONIZATION:
 Micronization is defined as the process of size reduction where the resulting particle size is
1-10 microns. many of the newly developed substances are poorly water soluble, whichlimits their bioavailability the dissolution rate of these drugs can be increased by usingmicronized drugs. This technique is beneficial in aspects that s does not require any externalprocessing conditions except mild agitation using magnetic stirrer.
            Micronization   is used for pulmonary drug delivery systems which require a particlesize of around 5 microns. Drug product obtained by this method is formulated into drypowder inhalers or aerosols because of improved aerodynamic behaviour .in this techniqueinvolves precipitation in presence of protective hydrophilic polymers followed by dryingpoorly soluble drug is to be dissolved in organic solvents hydrophilic polymer are dissolved inaqueous solvent which act as non-solvent to drug. Both solutions are mixed together toobtain precipitate then it is dried to drug product [10]. The figures are depicted in fig (1) and(2), of the instruments used in the micronization technique are:

                              Fig 1: Diagrammatic representation of Ball mill

                        
                                Fig 2: Diagrammatic representation of Hammer mill



                        
                                      Fig 3: Diagrammatic representation of Jet mill
NANOSUSPENSION: Nano suspensions are submicron colloidal dispersions of Nano sized
drug particles stabilized by surfactants. Nano suspensions consist of poorly water- solubledrug without any matrix material suspended in dispersion. These can be used to enhancethe solubility of drugs that are poorly soluble in water as well as lipid media.as a result ofincreased solubility, the rate of flooding of the active compound increases and the maximumplasma level is reached faster. This approach is useful for molecules with poorly solubility,poor permeability or both, which poses a significant challenge for the formulators [21].
The reduced particle size renders the possibility of intravenous administration of poorlysoluble drugs without any blockade of the blood capillaries. The suspension can also belyophilized into a solid matrix. This approach is useful for molecules with poor solubility,poor permeability, or both which poses a significant challenge for the formulators. Thereduced particle size renders the possibility of intravenous administration of poorly solubledrugs without any blockade of the blood capillaries. The suspensions can also be lyophilizedand into a solid matrix [23].

DRUG PROFILE
    DAPSONE
CHEMICAL FORMULA: C12H12N2O2S
IUPAC NAME: N,5-bis(4-chlorophenyl)-3-(propan-2-ylimino)-3,5- dihydrophenazin-2-amine
BACKGROUND: Dapsone is a combination of clofazimine, and rifampicin used to treatleprosy and mostly sold under brand name of Lamprene.
COLOR: white to creamy white in colour
CLASS: Sulphone antibiotic



MECHANISM OF ACTION:   
         Since dapsone is used for both systemic and dermatological disease it possessesmultiple mechanisms. Dapsone when treating leprosy act as an antibacterial agent onMycobacterium leprae. It inhibits the folic acid pathway, particularly prevents bacteria fromutilizing Para-aminobenzoic acid for the synthesis of folic acid. It is a competitive inhibitor ofdihydropteroate synthase [3,4].
 In treatment of dermatological problems, the drug acts by affecting neutrophilic functions.Dapsone inhibits the myeloperoxidase-peroxidase halide-mediated cytotoxic system, whichis component of neutrophil respiratory burst. Thereby it controls the degree neutrophilic-induced destruction lesions. Dapsone also decreases the adhesion of neutrophils to IgA [3].
ANTI INFLAMMATORY PROPERTY:
As a dapsone acts as anti-inflammatory, it inhibits the myeloperoxidase-H2O2-haliddemediated cytotoxic system in polymorphonucleocytes. It is part of respiratory burst thatneutrophils use to kill bacteria, myeloperoxidase converts hydrogen peroxide(H2O2) intohypochlorous acid (HOCl). HOCl is the most potent oxidant generated by neutrophils and cancause tissue damage during inflammation. Drug arrests myeloperoxidase in an activeintermediate form, irreversibly inhibiting the enzyme. This prevents accumulation ofhypochlorous acid and reduces tissue damage during inflammation [4].
SPECTRUM OF ACTIVITY:
Dapsone has a broad spectrum of activity against various microorganisms, includingbacteria, protozoa and some parasites. Dapsone exhibits antibacterial activity againstmycobacterium leprae which is responsible for causing leprosy, Propionibacterium acnes itinvolved in development of acne vulgaris. Dapsone used for treatment of certain protozoalinfections pneumocystis jirovecii cause severe pneumonia, toxoplasma gondii (dapsone isnot used as first line drug instead pyrimethamine and sulfadiazine are preffered). Dapsonespectrum of activity can vary and need to be guided by specific indications and health careprofessional recommendation.  Additionally, resistance to dapsone has been reported insome microorganisms such as mycobacterium leprae [4].
INDICATION:
Dapsone has both FDA-approved and non- FDA approved indications. The FDA-approvedindications are leprosy and dermatitis herpetiformis. The non- FDA approved indicationsinclude autoimmune bullous demonstrates such as sub corneal pustular dermatosis,pemphigus vulgaris. Vasculitis dermatoses such as leukocytoclastic vasculitis and urticarialvasculitis. Neutrophilic dermatoses such as sweet syndrome and Behcet- syndrome [4,5].
SOLUBILITY:
Absorbance maxima: 290nm soluble in methanol, sparingly soluble in alcohols and acetone,insoluble in water
BIOAVAILABILITY: Low or negligible 



Marketed formulation available: tablets and gels
THERAPEUTIC EFFICACY:
 Dapsone is a medication primarily used for the treatment of leprosy and certain types ofskin condition such as dermatitis herpetiformis and acne. Dapsone is a key component ofmulti drug therapy for leprosy, which is recommended treatment by World HealthOrganisation (WHO). It is active against mycobacterium leprae, the bacterium responsiblefor leprosy. When used in combination with other drugs like rifampicin and clofazimine,dapsone helps to kill the bacteria, control progression of disease, and prevent transmission.Dapsone is considered the primary treatment for dermatitis herpetiformis, a chronicblistering skin condition associated with gluten sensitivity. Dapsone works by supressing theimmune response that triggers the skin lesions in response to gluten ingestion. Dapsonefound to be effective in the treatment of acne, particularly inflammatory acne lesions. It hasboth antibacterial and anti-inflammatory properties which help reduce the number of acnescausing bacteria and inflammation associated with acne breakouts. It is not effective forevery person, and it also has potential side effects, including blood disorder, liver toxicity,and allergic reactions [5].
      

PLAN OF WORK
Selection of material1. Selection of drug2. Formulation of dapsone nanoparticles by nanoprecipitation technique3. Formulation of dapsone nanosuspension4. Formulation of dapsone solid dispersion5. Formulation of dapsone micro particles by micronization technique6. Evaluation of the prepared formulation for solubility, drug content, invitro7. bioavailability studies, 

 MATERIALS AND METHODOLOGY:
LIST OF MATERIALS: All the chemicals and equipment's used in the study were listed below:
LIST OF ALL CHEMICALS USED:
       Dapsone, Ethyl cellulose, Tween -20, Methanol, Eudragit, Poloxamer, Poly vinylpyrrolidine, Acetone, Urea 
 METHODOLOGY:

PREPARATION OF DAPSONE FORMULATION BY NANOPRECIPITATION TECHNIQUE:(1)
Table 2: Formulation table for F-1 Formulation



 
Table 3: Formulation table for F-2 Formulation
CHEMICALS    QUANTITY
  Dapsone 500 mg
  Ethyl cellulose  1gm
  Tween-20 (0.1%) 100ml
  Methanol 10ml
  Distilled water Q.S

EXPERIMENTAL PROCEDURE: The weighed quantity of dapsone and ethyl cellulose wasdissolved in 10 ml methanol (organic phase). 0.1% tween-20 was prepared, 1ml waspipetted out and diluted to 100ml of water (aqueous phase). It was kept for stirring about 20minutes at 700rpm. The organic phase was added to aqueous phase dropwise withcontinuous stirring until it reaches end point. Appearance of whitish or precipitate indicatesend point. This solution was kept in magnetic stirrer for about 2hr at a speed of 700rpm.After that filter the solution by manual filtration to obtain a product. 
Table 4: Effect of surfactant in nanoprecipitation:
SURFACTANT AND ITSCONCENTRATION EFFECT OF SURFACTANT ON THEPROPERTY OF FORMULATION
AT OPTIMUM CONCENTRATION OFSURFACTANT DESIRED AMOUNT OF PRODUCT ISACHIEVED
AT LOW CONCENTRATION OFSURFACTANT DESIRED AMOUNT OF PRODUCT ISNOT ACHIEVED

CHEMICALS QUANTITY
 Dapsone  500 mg
 Ethyl cellulose  500 mg
 Tween -20 (0.1%)  100 ml
 Methanol  10ml
 Distilled water  Q.S



EVALUATION OF THE FORMULATION PREPARED BY NANOPRECIPITATION:
1.Percentage of product yield: The obtained product was weighed after drying and theproduct yield was calculated by following formula:

 Percentage of product yield = practical yield/theoretical yield x 100

2. Solubility:  10mg of drug product was weighed and dissolved in 10ml distilled water. The
solution was kept in orbital shaker for 24hr. The solubility of dapsone was determined by U
V Spectroscopy.

3. Drug content: 50mg of drug product was weighed and dissolved in 50ml of methanol. Thesolution was kept for magnetic stirring for 2hr at a speed of 700rpm by enclosing withaluminium foil to prevent evaporation of methanol. The Drug content of dapsoneformulation was determined by UV spectrophotometry

(2) PREPARATION OF DAPSONE FORMULATION BY SOLID DISPERSION:
  (a) SOLVENT EVAPORATION METHOD:
Table 5: Formulation table for F1 formulation
                  CHEMICALS                    QUANTITY
               Dapsone              100 mg
         Poly vinyl pyrrolidine             1.5 gm
              Acetone             5ml

  Table 6: Formulation table for F2 formulation
         CHEMICALS         QUANTITY

                      Dapsone             100 mg
               Poly vinyl pyrrolidine             3 gm



EXPERIMENTAL PROCEDURE: 
Solid dispersion of Dapsone and PVP were made in ratio of 1:5 i.e., 100mg of dapsone wasweighed in a China dish. A melt was formed by constant stirring and 1.5g of polymer (PVP)was added, melted for few minutes. Then solvent was added and stirred until the solvent isevaporated. After evaporation of solvent the material was removed and fine powder wasobtained, then the dispersion was passed through sieve no:100 and uniform dispersion wasobtained. 
(b) Fusion method 
Table 7: Formulation table for F-1 Formulation
           CHEMICALS            QUANTITY  
               Dapsone        100 mg
                 Urea         1.5 gm

Table 8: Formulation table for F-2 Formulation
         CHEMICALS              QUANTITY
        Dapsone             100 mg
           Urea               3 gm

EXPERIMENTAL PROCEDURE: The required quantity of urea was weighed and melted onhotplate above melting point of urea and then required quantity of dapsone was added toabove content. The mixture was stirred continuously to prevent formation of clogs until theyform congealed mass. It was cooled and then triturated in mortar and pestle, passedthrough sieve no 100 to obtain fine powder.  
Table 9: Effect of polymer in solvent evaporation and fusion method:
POLYMER AND ITS CONCENTRATION EFFECT OF POLYMER ON THEPROPERTY OF FORMULATION
AT OPTIMUM CONCENTRATION OFPOLYMER DESIRED AMOUNT OF PRODUCT ISACHIEVED
AT LOW CONCENTRATION OFPOLYMER DESIRED AMOUNT OF PRODUCT ISNOT ACHIEVED

                    Acetone              5 ml     



EVALUATION OF THE PREPARED FORMULATION BY SOLVENT EVAPORATION AND FUSIONMETHOD:
 1.Percentage of product yield: The obtained product was weighed after drying and theproduct yield was calculated by following formula:
                   Percentage of product yield = practical yield / theoretical yield X 100 
2.Solubility: 10g of solid dispersion was accurately weighed and transferred to conical flaskthen to this flask 10ml of distilled water was added and kept in an orbital shaker at a
constant temperature covered with aluminium foil 24 hours at 50rpm. The solubility of
dapsone formulation was determined by flask shake method. The solubility of dapsoneformulation was determined by UV spectrophotometric method
3.Drug Content: 50mg of solid dispersion was weighed and dissolved in 50ml of methanol.The solution was kept for magnetic stirring covered with aluminium foil for 2 hours at aspeed of 700rpm. The drug content of dapsone formulation was determined by UVspectrophotometry 
4. Determination of melting point: solid dispersion prepared by both solvent and fusionmethod were taken into two different capillary tubes and inserted into melting point
apparatus. The melting point for solid dispersion was measured using thermometer. 
3)PREPARATION OF DAPSONE FORMULATION BY MICRONIZATION:
Table 10: Formulation table for F-1 Formulation
               CHEMICALS             QUANTITY
         Dapsone         200 mg
         Eudragit         200 mg
         Methanol         10 ml
         Tween-20         50ml
        Distilled water         50 ml

Table 11- Formulation table for F-2 Formulation
                 CHEMICALS            QUANTITY



EXPERIMENTAL PROCEDURE: the weighed quantities of dapsone, eudragit was dissolved in10 ml methanol (organic phase). It was kept for stirring for about 30 min at a speed of700rpm. 0.1% tween-20 was prepared, 1ml of tween-20 was pipetted out and diluted to50ml of distilled water (aqueous phase). Aqueous phase was kept in magnetic stirring forabout 2hr at a speed of 700rpm. Aqueous phase was taken in round bottom flask andorganic phase was added dropwise with continuous stirring until appearance of whitishprecipitate which indicates end point. The above solution was kept for mechanical stirringfor 3hr at a speed of 500rpm. Filter the solution by manual filtration to obtain product.

EVALUATION OF THE PREPARED FORMULATION BY MICRONIZATION:
1.Percentage of product yield: The obtained product was weighed after drying and theproduct yield was calculated by following formula:
                Percentage of product yield =practical yield/ theoretical yield X 100

2.Solubility:  10mg of drug product was weighed and dissolved in 10ml distilled water. Thesolution was kept in orbital shaker for 24hr at a speed of 50rpm. The solubility of dapsoneformulation was determined by U V Spectrophotometry.
3. Drug content: 50mg of drug product was weighed and dissolved in 50ml of methanol. Thesolution was kept for magnetic stirring for 2hr at a speed of 700rpm by enclosing withaluminium foil to prevent evaporation of methanol. The drug content of dapsoneformulation was determined by U V Spectrophotometry.

4) PREPARATION OF DAPSONE FORMULATION BY NANOSUSPENSION:
Table 12: Formulation table for F-1 Formulation
           CHEMICALS               QUANTITY

          Dapsone          200 mg
           Eudragit          400 mg
          Methanol          10 ml
          Tween-20          50 ml
         Distilled water          50 ml



Table 13: Formulation table for F-2 Formulation
          CHEMICALS              QUNATITY
         Dapsone                 50 mg
          Poloxamer                1000 mg
        Distilled water                 100 ml

EXPERIMENTAL PROCEDURE:  Required quantity of polaxamer, dapsone was weighed anddissolved it in distilled water. The solution was kept in probe sonicator for 2min at a speed500rpm. 

EVALUATION OF THE PREPARED FORMULATION BY NANOSUSPENSION:
1.Solubility:  20 ml of aqueous solution was kept in orbital shaker for 24hr at speed of50rpm. The solubility of dapsone formulation was determined by U V Spectrophotometry.
2. Drug content: 10 ml of nanosuspension solution was added to 10ml of methanol. Thesolution was kept for magnetic stirring for 3hr at a speed of 700rpm by enclosing withaluminium foil to prevent evaporation of methanol. The drug content of dapsone wasdetermined by flask shake method.
3.Dissolution studies: The receptor chamber was filled with 50 ml of 7.4 PH buffer solutionand donor chamber was filled with 1ml nanosuspension solution. Both the chambers wereseparated by dialysis membrane. Periodic removal of 1ml of solution from sampling port andaddition of 1ml buffer to sampling port simultaneously to maintain sink condition. Samplingwas done for every 20 minutes. The percentage of drug release was determined by U VSpectrophotometry.

RESULTS: 
The solubility of pure dapsone drug (10mg/ml) was found to be 37% by using orbitalshaker. The solubility of dapsone was determined by UV Spectrophotometry.
Standard plot for dapsone 

         Dapsone              50 mg
         Poloxamer              500 mg
        Distilled water             100 ml
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          Fig 4: Standard plot of pure dapsone drug
 Dapsone drug shows  linearity with Regression of 0.984 and slope of 0.287

Evaluation of the formulation prepared by nanoprecipitation technique:
FORMULATION-1
The product yield of nanoparticles prepared by nanoprecipitation technique wasobserved to be 60% 
The drug content of prepared formulation by nanoprecipitation was found to be 92%
The solubility of dapsone was enhanced to 74% by nanoprecipitation technique.

             FORMULATION -2
The product yield of nanoparticles prepared by nanoprecipitation technique wasobserved to be 66.6% 
The drug content of prepared formulation by nanoprecipitation was found to be88.3%
The solubility of dapsone was enhanced to 96% by nanoprecipitation technique



Fig 5:  formulation prepared by nanoprecipitation technique
 Evaluation of the solid dispersion prepared by solvent evaporation and fusion method:
     1. Solvent evaporation:
  FORMULATION-1:
 The product yield of solid dispersions prepared by solvent evaporation method wasobserved to be 81.25%
 The drug content of prepared formulation by solvent evaporation was found to be 90%
 The solubility of dapsone was enhanced to 102.4% by solvent evaporation method
 The melting point of prepared formulation by solvent method was found to be 180oc
   FORMULATION-2:
  The product yield of solid dispersions prepared by solvent evaporation method wasobserved to be 72%
The drug content of prepared formulation by solvent evaporation was found to be 87%



 The solubility of dapsone was enhanced to 83.27% by solvent evaporation method
 The melting point of prepared formulation by solvent method was found to be 179oc

Fig 6: formulation prepared by solvent evaporation method

2.Fusion method:
   FORMULATION-1:
The product yield of solid dispersions prepared by fusion method was observed to be 87.5%
The drug content of prepared formulation by fusion method was found to be 95%



The solubility of dapsone was enhanced to 104.9% by fusion method
The melting point of prepared formulation by fusion method was found to be 178oc
     

FORMULATION-2:
     The product yield of solid dispersions prepared by fusion method was observed to be83.87%
     The drug content of prepared formulation by fusion was found to be 113%
     The solubility of dapsone was enhanced to 116.3% by fusion method
     The melting point of prepared formulation by fusion method was found to be 179oc

Fig 7: formulation prepared by fusion method
Evaluation of the prepared formulation by micronization technique:



   FORMULATION-1:
  The product yield of microparticles prepared by micronization was observed to be 79.5%
  The drug content of prepared formulation of dapsone by micronization technique wasfound to be 97%
  The solubility of dapsone was enhanced to 72% by micronization technique.
FORMULATION-2:
The product yield of microparticles prepared by micronization was observed to be 84.6%
 The drug content of prepared formulation of dapsone by micronization technique wasfound to be 112%
 The solubility of dapsone was enhanced to 88% by micronization technique.

         Fig 8 formulation prepared by micronization technique



Evaluation of the prepared formulation by nanosuspension technique: 
 FORMULATION-1:
The drug content of prepared formulation by nanosuspension technique was found to be100%
The solubility of prepared formulation was enhanced to 90.5% by nanosuspension technique

FORMULATION-2:
The drug content of prepared formulation by nanosuspension technique was found to be100%
The solubility of prepared formulation was enhanced to 92.5% by nanosuspension technique



    Fig 9: formulation prepared by nanosuspension technique

DISCUSSION:
Dapsone belons to class-II drug exhibiting poor solubility, good permeability and goodbioavailability. The bioavailability of dapsone through oral administration was 80%. Thesolubility of dapsone in water is 37%, this might affect therapeutic potential and results inlow bioavailability. Dapsone is used in treatment of leprosy and other dermatitis problems.To enhance dapsone solubility several techniques have been adopted such asnanoprecipitation technique, solvent evaporation & fusion method, micronisation,nanosuspension methods.
 Dapsone nanoparticles were prepared by nanoprecipitation technique. Two formulations(F1, F2) were developed by altering drug to polymer ratio. Prepared formulation wasevaluated for drug content, solubility, percentage of product yield. The F1 formulation ofprepared nanoparticles exhibiting solubility of 74%, drug content of 92%, product yield of60%. The F2 formulation of prepared nanoparticles exhibiting solubility of 96%, drug contentof 88.3%, product yield of 66.6%. Out of this two formulations F2 increased solubility thanF1 due to altered drug polymer ratio. 
     Solid dispersion of dapsone powder was prepared by solvent evaporation and fusionmethod. In solvent evaporation method and fusion method two formulations were preparedby for each method. The evaluation test were done for both prepared solid dispersions andit shows solubility of fusion method is more when compared with solvent evaporationmethod. The solubility of F1, F2 formulations of solvent evaporation method was observedto be 102.4%, 87%. The solubility of F1, F2 formulations of fusion method was observed tobe 104.9%, 116.3%. 
Dapsone microparticles were prepared by micronisation technique using solventevaporation method. Two formulations (F1, F2) were developed by altering drug to polymerratio. Prepared formulation was evaluated for drug content, solubility,  product yield. The F1formulation of prepared microparticles exhibiting solubility of 72%, drug content of 97%,product yield of 79.5%. The F2 formulation of prepared microparticles exhibiting solubility of88%, drug content of 112%, product yield of 84.6%. Out of this two formulations F2 increased solubility than F1 due to altered drug polymer ratio. 
 Dapsone nanoparticles were prepared by nanosuspension technique by using probesonicator. The two formulations were formulated and evaluated for solubility, drug content.



The enhanced solubility in nanosuspension technique was found to be in F2 prepared formulation which is 92.5%.
CONCLUSION: 
In this study, attempts have been made to improve solubility of dapsone by adapting severaltechniques such as nanoprecipitation, solvent evaporation & fusion method, micronisation,nanosuspension methods. Initially the solubility of dapsone in aqueous medium wasobserved to 37%. By adopting the solubility enhancement techniques the solubility ofdapsone was enhanced to 116.3%.  All techniques were proved to be good solubilityenhancing techniques for dapsone. These techniques were promising techniques inimproving solubility of dapsone. The aims and objectives were fulfilled and achieved.  
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