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ABSTRACT 

Celecoxib used to treat mild to moderate pain and help relieve symptoms of arthritis etc. But the problem arises in the 

bioavailability and absorption of these drugs in the body. The current study deals with the design and evaluation of 

crystal co-agglomerates prepared with the use of various concentration of poloxamer. The aim of the study was to 

improvise the Micrmeritics, and solubility of the drug and to enhance its absorption in the body which will give better 

therapeutic response. The prepared co-agglomerates were evaluated for the parameters and it was found that the 3% 

batch was optimum because better flow ability, maximum drug content and increased dissolution property. It was 

concluded that the preparation of crystal co-agglomerates was a successful approach in improving the various properties 

which can reduce the chances of metabolism of drug and will give better therapeutic response and stability of the drug. 
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INTRODUCTION 
In recent times, particle engineering or design techniques 

are widely used in pharmaceutical industries to modify 

granule properties such as shape, size, crystal habit, crystal 

form, density, porosity dust generation, flowability, 

compressibility, compatibility, consolidation, reduced 

adhesion of formulation to the processing equipment, 

reduction in air entrapment during processing, etc 

properties of pharmaceuticals such as improvement in the 

efficiency of the manufacturing process and high degree of 

particle functionality can be achieved by these techniques. 

Though conventional techniques like wet and dry 

granulation enjoy wide popularity at the industrial scale 

but other novel techniques like extrusion spheronization, 

fluidized bed granulation, spray drying, spray congealing, 

solution atomization and crystallization by sonication, 

melt solidification, melt Sono crystallisation, 

cocrystallization, spherical crystallization, crystallo-co-
agglomeration etc have been considered as a value 

addition to existing ones. Direct compression is the 

preferred method for tablet manufacturing due to the 

simplicity in processing and its cost effectiveness. 

Crystallo-co-agglomeration (CCA) is an innovative 

technique developed with intends to provide the drugs 

with good micromeritic and mechanical characteristics. 

The process of crystallo-co-agglomeration involves 

crystallisation followed by simultaneous agglomeration of 

the drug with the aid of a good solvent and /or a bridging 

liquid and a bad solvent. It is also possible to incorporate 

other drugs (to get a combination tablet), excipients (e.g. 

disintegrants for fast dissolving tablets) and different 
polymer combinations (to modify the drug release 

properties). Due to the absence of heat and water, the 

stability of tablets formed by this method is better. The 

tablets produced by direct compression method have good 

dissolution as well as faster disintegration. Crystallo-co-

agglomeration is a single step process done with one, two 

or more drugs along with small dose or large dose with or 

without diluents. The Crystallo-co-agglomerates thus 

generated made into intact beads (encapsulated spensules), 

intermediate of directly compressible tablets with 

improved micromeritic (flowability), mechanical 

(friability), crushing, compressional (compressibility, 

compatibility) properties.1 

 

Solvent system in Crystallo-Co-Agglomeration: 2-7 

The important factor in the process design of crystallo-co-

agglomeration is the solvent system. While the non-
solvent results in crystallization or precipitation, it 

solubilizes the medication. The good solvent and bridging 

liquid must be immiscible in order for the process to work.  

The solvent used contains three components-  

1. A good solvent (volatile),  

2. Bridging liquid and  

3. Poor solvent.  

Good solvent 

The solvent in which the drug is having good solubility is 

considered as good solvent. It is a perfect solvent for the 

drug. The selection of good solvent is based on drug 

solubility and affinity/ miscibility with bridging liquid. 
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The bridging liquid 

During the agglomeration process, it aids in the creation of 

crystal bridges between crystals and the insoluble 

particles. They occasionally work well as solvents as well. 

Organic solvents are recommended as an excellent solvent 

and bridging liquid since the majority of pharmaceuticals 

are non-polar and highly soluble in them. As a result, an 

aqueous solvent is automatically chosen as the non-
solvent. In addition to forming liquid bridges during the 

agglomeration process and performing preferential wetting 

of crystals and solids, the bridging liquid must also be 

immiscible with a non-solvent. It has been discovered that 

using too little bridging liquid results in the production of 

smaller agglomerates that include more particles. 

Additionally, adding too much bridging liquid results in 

agglomerates of a larger size and adds to processing time 

needed to complete the agglomeration process.  

Poorsolvent 

Poor solvent is also called anti solvent or bad solvent. Poor 

solvent should not be miscible with the solvent system 

(good solvent and bridging liquid) moreover the affinity 

between them must be stronger than those between drug 

and solvent. As this technique is use to improve the 

solubility of poorly soluble drugs, water acts as most 

preferable anti solvent. The solvent system and its 
composition are usually selected by trial and error. 

Process of Crystallo-Co-Agglomeration 

There are two approaches to carry out the Crystallo-co-

agglomeration process. The most popular technique for 

creating crystallo-co-agglomerates is solvent change. 

Below is a discussion of the two approaches. 8-9 

a) Solvent change method 

Crystallo-co-agglomerates can be produced using the 

solvent change approach both through crystallization and 

agglomeration. It occurs when a non-solvent is added to a 

system that already contains a good solvent and bridging 

liquid to mix one or more medications at once.  

b) Alternate method 

The alternative approach involves first crystallizing the 

drug in a system with a good solvent and bridging liquid, 

followed by its simultaneous agglomeration with an 

insoluble diluent or drug with the addition of a non-
solvent.  

Factors Affecting Crystallo Co Agglomeration10-12 

Solvent system  

Selection of solvent system depends upon the stability and 

solubility characteristics of the drug. Physical form of the 

final product can be controlled by proper selection of 

solvent proportions. As most of the drugs are non polar 

and highly soluble in organic solvent, they are preferred as 

the good solvent as well as the bridging liquid. So 

automatically, an aqueous solvent is used as the non 

solvent. 

Diluents  

These are used for size enlargement of low dose drugs. 

The main characters required for diluent in this process as 

follows,  

1. They must be physiologically and physic-

chemically inert and reasonably priced.  

2. To prevent losses through the continuous or 

external phase, they should be insoluble in the aqueous 

phase. 

Temperature  

The temperature has an effect in the size, shape and 

strength of the agglomerate. Various studies indicate that 

the increased temperature will result in increased solubility 

and as a result there will be more drug loss through 
supernatant liquid. In most of the cases, temperature is 

kept as low as 5°C.  

Dispersion of internal phase  

The internal phase (drug suspension with or without 

diluents and bridging liquid) should be easily dispersed or 

emulsified in the external phase. This step can be assisted 

by distributing agents or dispersants. For this purpose 

surfactants and hydrophilic polymers like polysorbates, 

PVP, Polyvinyl alcohol (PVA) can be used in optimum 

concentrations.  

Drug loading  

It was found that the extent of drug loading changes the 

requirement of solvent system. It has a pronounced effect 

on the quality of agglomerates. Increased drug loading 

may result in increased loss of drug through external 

phase. If the system has an insoluble diluents or excipient 

there is a chance for the crystallized drug to get deposited 
on its surface.  

Loss of drug to supernatant  

The amount of drug entrapment and the overall 

effectiveness of the crystallo-co aggregation are 

significantly influenced by the drug loss through 

supernatant liquid. During agitation, it should be 

guaranteed that the maximum amount of crystallisation 

and agglomeration takes place. The following things 

should be ensured in order to reduce the amount of 

medicine that is lost to the supernatant fluid.  

❖  Maintaining low temperature.  

❖  pH adjustments  

❖  Addition of solubility suppressants to the 

external phase.  

Yield of the process  

The process yield depends on the amount of crystallisation 

occurred from the good solvent as well as the extend of 
agglomeration from the bridging liquid. So the choice of 

solvent system has a significant impact on the crystallo-co 

agglomeration process yield. A good solvent is what 

makes a medicine solubilize, whereas a non-solvent causes 

it to crystallise. The bridging is an inter particular 

interaction. Hence for obtaining desirable yield proper 

selection of solvent system is recommended.  

Advantages of Crystallo-Co-agglomeration: 13 

1. Flow characteristics are excellent.  

2. Size distribution that is consistent.  

3. The procedure is straightforward.  

4. Processing costs are lower, making production more 

cost-effective.  

5. Unit operations are kept to a bare minimum. 

6. Single-step agglomeration process necessitates less 

labour - just one person is required for the entire operation 

- and the process' simplicity aids the manufacturer's 

compliance with CGMP.  
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7. Crystallo-co-agglomerates can be employed as tablet 

intermediates as well as in the development of multiple 

unit particle drug delivery systems.  

8. Large surface area allows for consistent medication 

distribution throughout the gastro-intestinal tract. As a 

result, there is less toxicity, better absorption, and hence 

adequate bioavailability.38-39 

Disadvantages of Crystallo-Co-agglomeration: 13 
1. Use of organic solvents is un-avoidable. Relatively non-

toxic solvents should be used.  

2. Drug combinations having similar physicochemical 

properties are difficult to process in crystallo co 

agglomeration.  

3. If the external phase volume is more, it will result in the 

increased loss of drugs and the resistance for mixing of 

contents also increases. The increased resistance will 

increase the power requirement.  

4. It is difficult to incorporate disintegrants or super 

disintegrants since the external phase is aqueous.  

5. The process involves multiple functional variables and 

process variables, which causes difficulty in reproducing 

the same results.  

6. It is difficult to scale up the filtration and drying steps. 

 

MATERIAL AND METHOD 
Celecoxib (API) obtained as gift sample from IPCA 

Pharmaceutical, Munbai and other excipients like 

Poloxymer 188, Choloform, Water, Ethanol and aceton are 

used analytical Grade and purchased from Molychem, 

Munbai 

Formulation of Crystallo-Co-Agglomerates: 

A solution of celecoxib (2g) in acetone (3mL) was added 

to a solution of hydrophilic polymer (Poloxymer 188, 1%, 

3% 5% m/V) in 100 mL distilled water. The mixture was 

stirred continuously using a mechanical stirrer (Remi 

Motors, India) at 500 rpm to obtain agglomerates. The 

bridging liquid (chloroform, 0.5 mL) was added drop wise. 

The agglomerates were separated by filtration using 

Whatman filter paper (No. 1) and dried for 24 h at room 

temperature.  

 

Evaluation parameters  
Solubility Determination: 

Solubility studies of celecoxib were done according to 

method described by Higuchi and Connors. An excess 

quantity of drug was taken in vials containing 10 ml of 

media. The vials were shaken in water bath (100 strokes 

per min) for 24 hr at room temperature. The solutions were 

then filtered using Whatman filter paper and the solubility 

of the drugs were analyzed spectrophotometrically after 

suitable dilutions. The solubility of the drug was 

determined in distilled water, pH 1.2 buffer solution. 

Standard calibration curve of Celecoxib: 

As accurately weighted amount of Celecoxib equivalent to 

10 mg was dissolved 5ml of 0.1N HCL (1.2 pH) in a 10ml 

volumetric flask a series of standard containing 

concentration from 2 to 10ug/ml of Celecoxib were 

prepared and absorbance was measured at 253 nm against 

reagent blank. All spectral absorbance measurement was 

on Shimadzu UV-visible spectrophotometer 

Determination of Micromeritic Properties: 

Thevarious Micromeritic Propertieslike Bulk density, 

Tapped density, Carr’s Compressibility index, Hausner’s 

ratio, Hausner’s ratio of pure drug prepared Crystallo-Co-

Agglomerates are determined using standard procedures. 

Fourier Transform Infrared Spectroscopy: 

The FTIR spectrum of pure drug Celecoxib was subjected 

to an FTIR study for confirmation of the drug. The spectra 
were recorded in the range of 4000-500 cm-1 by using 

FTIR (alpha II Bruker, Germany) spectrophotometer. The 

instrument and sample chamber were purged with dry air 

to remove atmospheric water vapour. A blank spectrum 

was run to subtract from the sample spectra. 

Differential Scanning calorimetry: 

The molecular state of the pure drug Celecoxib was 

evaluated by performing a DSC analysis. The drug sample 

was loaded in flat bottomed standard aluminium crucibles 

and hermetically sealed by cold welding using a crucible 

sealing press at 0.2 MPa pressure before analysis. The 

thermograms were obtained by DSC instrument 

(METTLER TOLEDO, Switzerland) at a heating rate of 

10o C /min from 30o C to 300o C in a nitrogen atmosphere. 

The enthalpy and temperature of the DSC system was 

calibrated using standard aluminium pan. 

Scanning Electron Microscopy (SEM): 
SEM was employed to examine the surface topography 

and morphology of prepared CCA.14 To enhance the 

conductivity, an ion sputtering device (JEOL, JFC-1100 E, 

Japan) was used for 5 min under reduced pressure (0.001 

torr) to coat gold (200ºA) on the samples, which were then 

subjected to SEM (JEOL, JSM-840A, Japan). 

Powder X-ray diffraction spectroscopy (PXRD): 

X-ray diffraction pattern of pure drug and Crystallo-co-

Agglomerates of Celecoxib were obtained using the X-ray 

diffractometer (BRUKER D8 ADVANCE, Germany) at 

40 kV, 30 mA and a scanning rate of 0.02 /min at the 

diffraction angle 20 over the range of 10-80° using Cu (as 

anode) radiation of wavelength 1.5406 A 

Drug loading 

The drug loading efficiency of crystals was determined by 

dissolving 100 mg of crystals in 100 mL of ethanol, 

followed by measuring the absorbance of appropriately 
diluted solution spectrophotometrically (Pharma Spec UV-

1700, UV-Vis spectrophotometer, Shimadzu) at 253.5 nm. 

Solubility studies of prepared Crystalo co aggloromate 

A quantity of crystals (about 100 mg) was shaken with 10 

mL of distilled water or a solution of sodium lauryl 

sulphate (SLS) (2%, m/V) in a shaking water bath (100 

agitations per min) for 24 h at room temperature. The 

solution was then passed through a 0.45 mm. membrane 

filter and the amount of the drug dissolved was analysed 

spectrophotometrically. 

 

RESULT AND DISCUSSION 

Solubility Determination: 

Solvent Solubility 

Water Practically insoluble 

Acetone freely soluble 

Ethanol (96 per cent) Soluble 

HCl Soluble 
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Preparation of calibration curve in 0.1N HCL: 

A series of standard containing concentration from 2 to 10 

μg/ml of Celecoxib were prepared and absorbance was 

measured at 253 nm against reagent blank. All spectral 

absorbance measurement was on Shimadzu UV-visible 

spectrophotometer 

Determination of Micromeritic Properties: 

Micromeritic 

Properties 

Celecoxib 

Pure Drug 

Celecoxib Crystal-Co-

Agglomerates 

Bulk density 0.29 g/cm3 0.36 g/cm3 

Tapped density 0.44 g/cm3 0.44 g/cm3 

Carr’s 

compressibility 

index 

34.09 11.25 

Hausner's ratio 1.51 1.12 

Angle of repose 490 26.560 

  

Fourier Transform Infrared Spectroscopy: 

The potential intermolecular interaction of functional 

group on the surface of Celecoxib were analysed by the 

FTIR spectra. The FTIR Spectra of Celecoxib exhibited 

the characteristic peak observed at 3226 cm-1 corresponds 

to N-H stretching in amino groups. Additionally, peak 

observed at 2977 cm-1 corresponds to C-H bond. The 

spectrum for celecoxib exhibited characteristic peaks at 

1160 cm-1  and 1346 cm-1 due to S=O. symmetric and 

asymmetric stretching, respectively. The peak band at 

1558-1679 cm-1  corresponds to N-H stretching, while the 

peaks between 3226-3332 cm-1  are attributed to NH2 

stretching and 791 cm-1  (aromatic –CH bend). The FTIR 
Spectra of Celecoxib pure Drug shown in Figure no. 8.2. 

 

Figure no 2 FTIR Spectra of Celecoxib pure Drug 

Differential Scanning calorimetry: 

The molecular state of the pure drug Celecoxib was 

evaluated by performing a DSC analysis. The DSC curve 

provides qualitative and quantitative data about the 

physical state of material. From Fig no. 8.8, it evident that 

a sharp endothermic peak corresponds to Celecoxib was 

observed near 162.80C. It is as per reported value so the 

sample was authenticated. 

 
Scanning Electron Microscopy (SEM): 

SEM was employed to examine the surface topography 

and morphology of Sample. The surface morphology and 

shape of Celecoxib will be determined by using scanning 

electron. The Picture of Pure Celecoxib drug shows 

irregular shape rode like crystals with rough surface. With 

dimensions of 9.28um in length and 1.99um in width.  

Powder X-ray diffraction spectroscopy (PXRD): 

X-ray diffraction pattern of pure drug and Crystallo-co-

Agglomerates of Celecoxib were obtained using the X-ray 
diffractometer (BRUKER D8 ADVANCE, Germany) at 

40 kV, 30 mA and a scanning rate of 0.02 /min at the 

diffraction angle 20 over the range of 10-80° using Cu (as 

anode) radiation of wavelength 1.5406 A. The Drug and 

formulation shows increase in peak size which indicated 

the formation Crystals. 

Drug loading 

The drug loading efficiency of crystals was determined by 

dissolving 100 mg of crystals in 100 mL of methanol, 

followed by measuring the absorbance of appropriately 

diluted solution spectrophotometrically (PharmaSpec UV-

1700, UV-Vis spectrophotometer, Shimadzu) at 253.5 nm. 

 
Figure no 1 Calibration curve of Celecoxib 
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Solubility studies of Crystalo co aggloromate 

A quantity of prepared 3% Crystalo co aggloromate 

crystals (about 100 mg) was shaken with 10 mL of 

distilled water or a solution of sodium lauryl sulphate 

  
Figure no 3 Sem of Pure Drug Celecoxib at 500X 

 

Figure no 4 Sem of Pure Drug Celecoxib at 750X 

 
 

Figure no 5 Sem of Pure Drug Celecoxib at 1500X 

 

Figure no 6 Sem of Pure Drug Celecoxib at 3000X 

  
Figure no 7 Sem of 3%CCA of Celecoxib at 500X 

 

Figure no 8 Sem of 3%CCA of Celecoxib at 750X 

 
 

Figure no 9 Sem of 3%CCA of Celecoxib at 1500X 
 

Figure no 10 Sem of 3%CCA of Celecoxib at 3000X 
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(SLS) (2%, m/V) in a shaking water bath (100 agitations 

per min) for 24 h at room temperature. The solution was 

then passed through a 0.45 mm. membrane filter and the 

solubility was analysed and it was found to be completely 

soluble. 

 

CONCLUSION: 

The method for preparation of Crystal-Co-Agglomerates 

was successful method for improvising the Micromeritics 

and solubility of the Celecoxib which will help to give 

more bioavailability.  From the above research, it can be 
concluded that Crystal-Co-Agglomeration technique is 

useful to enhanced Micromeritics and solubility properties 

of Celecoxib. 
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Figure no 11 Celecoxib + poloxymer 188 XRD 
Spectrum 

Figure no 12 Celecoxib Crystalo co aggloromate 3% 
XRD Spectrum 


