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Abstract Celecoxib is a non-steroidal, anti-inflammatory

drug used in the treatment of pain and inflammation as-

sociated with rheumatoid arthritis, and several other in-

flammatory disorders. It is a class II compound according

to the Biopharmaceutics Classification System owing to its

low water solubility and high membrane permeability. The

objective of this study was to improve the solubility and

dissolution rate of celecoxib using solid surfactant tech-

nology that might be useful in developing solid dosage

forms. Solid surfactant was developed by mixing and

grinding together a liquid surfactant (Tween 80) with

various inorganic carriers like Fujicalin� (Dibasic Calcium

Phosphate Anhydrous), Pineflow� (Porous-structured

Maltodextrin), Neusilin� (Magnesium Alumino metasili-

cate) and Aerosil� (Colloidal Silicon dioxide) in a mortar

and pestle in different ratios of liquid surfactant and the

carrier to obtain solid surfactants. The celecoxib tablets

prepared with solid surfactants were then evaluated for

their solubility and dissolution properties. Among the fil-

lers used, Fujicalin showed the highest solubilization ca-

pacity for celecoxib. The dissolution behaviors of various

tablets prepared with solidified surfactants were compared

to those of conventional celecoxib tablets in a simulated

gastric fluid. Celecoxib tablets prepared using solidified

surfactants showed improved dissolution behaviors when

compared to the conventional counterparts. Fujicalin so-

lidified Tween 80 was further analyzed by powder X-ray

diffraction analysis, differential scanning calorimetry

thermographs and reverse phase high performance liquid

chromatography.
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Introduction

Celecoxib, 4-[5-(4-methylphenyl)-3-trifluoromethyl-1Hpyra-

zole-1-yl] benzene sulfonamide, is a representative selective

cyclooxygenase (COX)-2 inhibitor with no inhibition of

COX-1 at therapeutic doses and mostly used to treat os-

teoarthritis, rheumatoid arthritis and acute pain (Clemett and

Goa 2000). Celecoxib is hydrophobic (log P value of 3.5) and

exists in polymorphic forms of which the stable crystalline

form is practically insoluble in aqueous buffer at a range of

physiological pH. However, celecoxib is categorized into

Class II according to the BCS and is considered as a highly

permeable compound (Amidon et al. 1995; Paulson et al.

2001). Therefore, both the rate and extent of drug absorption

appear to be limited by intraluminal drug concentration in the

gastrointestinal (GI) tract. Various approaches to improve

solubility of celecoxib have been reported such as use of a salt

form (Tawa et al. 2007), co-crystals (Remenar et al. 2007),

new polymorphs (Lu et al. 2006), solid dispersion (Vascon-

celos et al. 2007), cyclodextrin complex (Nagarsenker and

Joshi 2005) and polymeric nanoparticles (Morgen et al.

2012). Although these techniques have shown enough pro-

mise in improving drug solubility, they have certain limita-

tions such as high processing costs, requirement of

sophisticated equipment (such as requirement of size reduc-

tion mills for production of nanoparticles and a melt extractor

for melt extraction techniques) or processes and use of po-

tentially harmful solvents.
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Solidified Tween 80 (ST) is a new approach to enhance

solubility of drug in an oral solid drug dosage form. It can

be a simple, convenient and cost effective method of

solubility enhancement of hydrophobic drugs since this

approach can cut down the cost of expensive equipment

and labor while minimizing the complications of the

manufacturing process. Preparation of solidified surfactant

is easy and can be used as a solubility and dissolution

enhancing excipient in the preparation of various solid

dosage forms.

Surfactants are one of the widely used excipients in

pharmaceutical dosage forms to enhance solubility of the

active pharmaceutical ingredients (APIs) (Savjani et al.

2012) but most of the surfactants are commercially avail-

able in liquid forms and are difficult to be used directly in

solid drug dosage formulations. Therefore, this study was

an attempt to develop a solid form of the surfactant by

solidifying the liquid surfactant (Tween 80) with different

inert inorganic materials. The objective of this study was to

prepare solidified surfactants using various inert pharma-

ceutical fillers and to use them in the preparation of cele-

coxib tablets. The solubility properties and dissolution

profiles of celecoxib from the test tablets were studied.

Materials and methods

Materials

Celecoxib was purchased from Dong Gwang Pharmaceu-

ticals (Seoul, Republic of Korea). Fujicalin� (Dibasic

Calcium Phosphate Anhydrous), Neusilin� (Magnesium

Alumino metasilicate) and Pineflow� (Porous-structured

Maltodextrin) were provided by Woo-Shin Medics (Seoul,

Republic of Korea). Aerosil� (Colloidal silicon dioxide)

was obtained from Evonic Industries (Germany). Tween 80

was purchased from Samchun Chemical Co. Ltd.

(Pyeongtaek, Republic of Korea). HPLC-grade methanol

was purchased from Burdick and Jackson (Muskegon, MI,

USA). Distilled and deionized water was used for the

preparation of all solutions and analytic procedures.

Preparation of solidified Tween 80

Solidified Tween 80 was prepared by grinding Tween 80

with an inorganic carrier (one of Fujicalin, Pineflow,

Neusilin and Aerosil at a time) in mortar and pestle for

20 min at 30:70 ratios of Tween 80 and the carrier

(Table 1). During mixing of Tween 80 and inorganic car-

riers, ingredients were thoroughly mixed to ensure that

uniform powdered product was obtained. Since different

carriers showed different adsorption behaviors with Tween

80, they produced powders of different textures and were

either too sticky or not uniformly mixed. 30:70 ratios of

Tween 80 and inert fillers were the most suitable compo-

sition to prepare stable powdered solidified surfactant.

After the powders were obtained, they were passed through

200 lm sieves to obtain particles of uniform size.

Bulk and tapped density of the powders

The bulk density (Db) of a powder is the ratio of the mass

of an untapped powder sample and its volume including the

contribution of the inter-particulate void volume. Hence,

the bulk density depends on both the density of powder

particles and the spatial arrangement of particles in the

powder bed (Jallo et al. 2012). Tapped density (Dt) can be

measured after mechanically tapping cylinder containing a

powder sample (Santomaso et al. 2003). The mechanical

tapping was done by raising the cylinder and allowing it to

drop under its own weight from a specified distance. The

volumes before and after the mechanical tapping were

measured and recorded to calculate the tap densities. The

bulk and tapped densities were used to calculate Hausner’s

ratio and Carr’s index (Eqs. 1, 2). Hausner’s ratio reflects

the flow characteristics of the powder particles whereas

Carr’s index is the indicator of relative flow rate, cohe-

siveness and particle size of the powders (Shah et al. 2008).

Hausner ratio ¼ Tapped density ðDtÞ
Bulk density ðDbÞ

ð1Þ

Carr’s index ¼ Tapped density Dtð Þ � Bulk density ðDbÞ
Tapped density ðDtÞ

ð2Þ

Table 1 Preparation of solidified Tween 80

Solid surfactant Carrier Carrier

amount (g)

Tween

80 (g)

Carrier:

surfactant (%)

Fujicalin ST Fujicalin 7 3 70:30

Neusilin ST Neusilin 7 3 70:30

Pineflow ST Pineflow 7 3 70:30

Aerosil ST Aerosil 7 3 70:30
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Scanning electron microscope (SEM) observation

The surface morphology of carriers and the prepared so-

lidified Tween 80 was observed by scanning electron mi-

croscope (SEM) (LVSEM, S-3000N, Hitachi Co., Tokyo,

Japan). The samples were fixed on a carbon fiber tape, and

were coated twice by platinum–palladium, each for 100 s,

under argon gas. The samples were then observed at

5.0 kV.

Phase solubility study

Excess amount of celecoxib was added to 1 mL of water in

a glass vial. The mixture was shaken for 24 h at room

temperature (25 ± 1 �C) in a magnetic shaker (Varomag,

Erweka, Germany). Then the sample was centrifuged

(Gyrogen 1580 MGR, Korea) at 4000 rpm for 5 min to

separate undissolved celecoxib and the supernatant layer

was filtered using a 0.45 lm syringe filter (Rawat and Jain

2004). The solubility of celecoxib in water was analyzed

using a high performance liquid chromatography. The

solubility values of celecoxib together with different so-

lidified Tween 80 powders in an aqueous medium were

also determined using the same procedures as above. The

solubility experiments were carried out in triplicate.

Preparation of celecoxib tablets with solidified

Tween 80

Celecoxib and Fujicalin solidified Tween 80 powders were

mixed together at a ratio of 1:15. After the drug and so-

lidified surfactant were thoroughly mixed, the mixture was

transferred into a mortar and pestle. Then other excipients

like Crospovidone (a disintegrant), Ludipress and Magne-

sium stearate were added slowly and gradually to prepare

fine non-sticky powders. Then the powders were passed

through 700 lm sieve and then prepared into tablets. All

tablets were compressed by single punch IR tablet machine

(Riken power, Riken Seiki Co. Ltd., Japan) with com-

pression force of 200 kgf/cm2 and dwelling time of 60 s.

The conventional celecoxib tablets were also prepared in

the laboratory. The amounts of the ingredients of the

tablets are shown in Table 2. The tablets were tested for

size, hardness, disintegration, friability and the dissolution

properties in vivo.

In vitro release test

Dissolution study was performed by USP dissolution Ap-

paratus II (paddle method) with 900 mL of dissolution

medium (simulated gastric juice pH 1.2 with 0.5 % SLS) at

37 ± 0.5 �C and the paddle rotation speed of 100 rpm

using a dissolution tester (EDT-08LX, Electrolab Inc.,

India). Dissolution profiles of tablets formulated with Fuji-

calin solidified Tween 80 was compared to that of conven-

tional celecoxib tablets (control group). 2 mL samples were

withdrawn at 5, 10, 20, 30, 60, 90 and 120 min from the

dissolution fluid, and were replaced with equal volumes of

fresh dissolution medium each time. The samples were then

filtered through 0.45 lm polyvinylidene difluoride (PVDF)

membrane filter before 20 lLof the samplewas injected into

a reverse phase-high performance liquid chromatography

(RP-HPLC) system to determine the celecoxib solubility.

HPLC analysis was performed with YL-9100 HPLC system

and YL-9150 auto sampler (YL Instrument Co. Ltd,

Republic of Korea) using a reverse phase C18 column

(250 9 4.6 mm, 5 lm particle size) and a 75 % v/v

methanol as the mobile phase at flow rate of 1.25 mL/min.

The detection wavelength of the system was 250 nm.

Crystallinity study

Powder X-ray diffraction (PXRD) analysis was performed

to analyze the crystallinity of celecoxib, carriers and the

prepared solid surfactant. The step size was 0.02�. The
angle of PXRD analysis was from 3� to 40� at scan speed

of 6�/min and 100 mA, 40 kV conditions.

Thermal analysis

Thermal analysis of the samples was performed by dif-

ferential scanning calorimetry (DSC). 5 mg of each sample

was analyzed by sealing in aluminum pans and heating at a

rate of 10 �C/min over a temperature range from 0 to

350 �C.

Results and discussion

Powder flowability and compressibility

The flowability and compressibility indices of four types of

solidified Tween 80 powders are presented in Table 3. The

bulk density and tapped density values of four types of

Table 2 Composition of conventional and Fujicalin based tablets

Materials Fujicalin based

tablet (mg)

Conventional

tablet (mg)

Celecoxib 20 20

Fujicalin ST 300 –

Crospovidone 60 60

Ludipress 115 415

Magnesium stearate 5 5
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solidified Tween 80 (Fujicalin ST, Neusilin ST, Pineflow

ST, Aerosil ST) are presented as the indicators of their

physical properties.

The Hausner ratio values give indication about the flow

properties of solidified Tween 80. According to the flowa-

bility scale described in USP 30, Hausner ratio less than 1.25

indicates better flowability whereas values more than 1.25

indicates relatively poor flowability. Among four solidified

Tween 80 powders, Fujicalin ST, Pineflow ST and Aerosil

ST showed good flowability where, Fujicalin ST showed the

best flowability (Hausner ratio 1.10) whereas Neusilin ST

showed poor flowability (Hausner ratio 1.30).

Similarly, compressibility index of four different so-

lidified Tween 80 powders were explained on the basis of

Carr’s index. Carr’s index values between 5 and 12 indicate

excellent compressibility, the values between 12 and 16

indicate good compressibility, and the values between 18

and 21 indicate fair compressibility, while the values be-

tween 23 and 35 indicate poor compressibility. In this

study, Fujicalin ST and Aerosil ST showed excellent

compressibility index 9.20 and 10.54 respectively among

all solidified Tween 80 powders. Pine flow ST also showed

good flowability while Neusilin ST exhibited poor

compressibility.

Solubility of celecoxib in solidified Tween 80

The solubility of celecoxib with four different solidified

Tween 80 powders is explained based on phase solubility

diagram (Fig. 1; Table 4). It was observed that the aqueous

solubility of the drug was improved when it was com-

plexed with solidified Tween 80. Celecoxib with Fujicalin

solidified Tween 80 showed better improvement in solu-

bility profiles when compared to other solidified Tween 80

powders. The result of the solubility study indicated that

pure celecoxib possesses a very low solubility in water

(0.002040 mg/mL). The saturation solubility of celecoxib

plus Fujicalin ST was almost 74 times higher (0.1518 mg/ml)

than that of pure celecoxib. Other solidified Tween 80

powders (Neusilin ST, Pineflow ST, Aerosil ST) were also

able to enhance the solubility of celecoxib. Celecoxib was

dispersed in molecular form and remained in intimate

contact with the solidified Tween 80 powders. The better

solubilization capacity of Fujicalin among other carriers

can be attributed to its better release capacity and reduction

Table 3 Solidified Tween 80 powder properties

Solid

surfactant

Bulk

density (Db)

Tapped

density (Dt)

Hausner

ratioa
Carr’s

indexb

Fujicalin ST 0.454 0.500 1.10 9.20

Neusilin ST 0.384 0.500 1.30 23.20

Pineflow ST 0.277 0.333 1.20 16.81

Aerosil ST 0.263 0.294 1.11 10.54

a Hausner ratio\1.25 = free flow,[1.25 = poor flow
b Carr’s index 5–15 = excellent flow, 12–16 = good flow, 18–21 = fair flow,[23 = poor flow

Table 4 Solubility of celecoxib with four different solidified Tween 80

Solid surfactant

(70:30)

Amount

(mg)

Celecoxib Solubility

(mg/mL)

Aerosil ST 100 Excess 0.1009

Neusilin ST 100 Excess 0.1157

Fujicalin ST 100 Excess 0.1518

Pineflow ST 100 Excess 0.1449

Celecoxib – Excess 0.00204

Fig. 1 Solubilities of celecoxib with Aerosil ST, Neusilin ST,

Fujicalin ST, Pineflow ST and pure celecoxib in DW. (Mean ± SD,

n = 3)
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in aggregation of drug particles due to improved humec-

tation (Punitha et al. 2010). Celecoxib was uniformly

mixed with Fujicalin ST and the particles were assumed to

be uniformly adsorbed and remained in intimate contact

with each other.

Due to its better solubilization capacity among all so-

lidified surfactants, Fujicalin ST was selected for further

experiments in the study. It was also observed that solu-

bility of celecoxib was improved with the increase in

amount of Fujicalin ST (Fig. 2; Table 5), where 100, 200

and 300 mg of Fujicalin ST improved the solubility of

celecoxib to 0.1518, 0.3964 and 0.6115 mg/mL respec-

tively. Higher the amount of Fujicalin ST, higher was the

molecular interaction between celecoxib and the solid

surfactant which was assumed to facilitate solubility en-

hancement (Savjani et al. 2012). The drug molecules can

interact with the surfactant that is solidified with a carrier,

to form soluble drug entities.

SEM observation

The SEM study was performed to study the surface mor-

phology of the carriers and solidified Tween 80 powders

(Fig. 3). The morphology of the carriers was found to be

altered after surfactant was incorporated into them. It was

understood that the surfactant in fact changed the mor-

phology of the inert carrier. The size of Fujicalin ST was

decreased compared to that of Fujicalin carrier alone which

might be due to the grinding in a mortar and pestle during

Fig. 2 Solubility of celecoxib with Fujicalin ST 100 mg, Fujicalin

ST 200 mg and Fujicalin ST 300 mg (Mean ± SD, n = 3)

Table 5 Solubility of celecoxib with increasing amounts of Fujicalin

ST

Solid surfactant Amount Celecoxib Solubility

(mg/mL)

Fujicalin ST 100 Excess 0.1518

Fujicalin ST 200 Excess 0.3964

Fujicalin ST 300 Excess 0.6115

Fig. 3 SEM of carrier and

solidified Tween 80. Fujicalin

(a), Fujicalin with Tween 80

(b), Pineflow (c), Pineflow with

Tween 80 (d), Aerosil (e),
Aerosil with Tween 80 (f),
Neusilin (g), Neusilin with

Tween 80 (h)
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mixing of Fujicalin and Tween 80. Similar changes were

observed in case of Pineflow, another inert carrier in the

study. On the other hand, not much change in size was

observed when Tween 80 was incorporated into aerosol

and Neusilin. Aerosol and Neusilin have been reported to

have higher specific surface areas of 590 and 300 m2/g

respectively compared to only 35 m2/g of Fujicalin (Vad-

her et al. 2009). Due to the large specific surface area,

aerosol and Neusilin could adsorb more Tween 80 mole-

cules on their surfaces which might be the reason behind

unchanged surface morphology of these two inert carriers.

These observations support the idea that adsorption ca-

pacity of a material is dependent on its surface

morphology.

Release profiles of celecoxib

The release profile of celecoxib from solidified Tween 80

tablets is shown in Fig. 4. Dissolution test was performed

in simulated gastric juice pH 1.2 with 0.5 % SLS and

conventional celecoxib tablets were used as a control

group. It was found that Fujicalin ST tablets displayed a

dramatic increase in the rate and extent of dissolution in

comparison to conventional celecoxib tablets especially

during the initial stage (first 20 min). 35 % of drug was

released from tablets prepared with Fujicalin ST within

Fig. 3 continued

Fig. 4 Release profiles of celecoxib from Fujicalin ST tablets and

conventional celecoxib tablets in simulated gastric juice pH 1.2 with

0.5 % SLS (Mean ± SD, n = 3)
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20 min whereas only 5 % of the drug was released from

conventional celecoxib tablets during the same time. The

cumulative drug release was 78 % at 120 min for the

tablets prepared with Fujicalin ST whereas that of con-

ventional celecoxib tablets was 34 % at 120 min. Tablets

prepared with Fujicalin ST exhibited higher dissolution

rate and cumulative drug release than the conventional

celecoxib tablets. The dissolution rate of drugs form a

dosage form is often affected by the crystallinity, particle

size and the amount of surfactant used (Balakrishnan et al.

2004). Enhancement of surfactant generally occurs due to

modification in physicochemical properties which in turn

increases the affinity with the surrounding solvent. The

enhancement of dissolution in our study was probably due

to the formation of an inclusion complex in the solid state

and also due to the reduction of the crystallinity of the

products, as confirmed by PXRD studies. The increase in

the dissolution rate is also due to improved wetting and

Fig. 5 PXRD pattern of

crystalline celecoxib (a),
Fujicalin (b), Fujicalin ST (c),
Crospovidone (d), ground
mixture of celecoxib,

Crospovidone and Fujicalin ST

(e)
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solubility by Tween 80 (Hu et al. 2011), the basic surfac-

tant used in the study. Thus, it was confirmed that cele-

coxib tablets prepared with solidified Tween 80 shows

improved dissolution properties than the conventional

celecoxib tablets.

Crystallinity study

PXRD assay was performed to study the crystallinity of

celecoxib, Fujicalin, Fujicalin ST, Crospovidone, and

ground mixture of celecoxib, Crospovidone and Fujicalin

ST (Fig. 5). Celecoxib appeared to have highest crys-

tallinity among all the substances tested. In a PXRD

study, a pure drug exhibits intense and long peaks

(Gupta et al. 2007). Similarly, in our study, celecoxib

showed highest peak whereas Fujicalin (Fig. 5b) and

Fujicalin ST (Fig. 5c) both showed less intense peaks.

Crospovidone (Fig. 5d) was found to be amorphous in

nature because it did not show any crystallinity peak in

the PXRD study (Barzegar-jalali et al. 2007). Thus, it

was confirmed that the inert carriers used to solidify

Tween 80 were amorphous in nature. Also, it was found

that the crystallinity of celecoxib disappeared on

grinding with Fujicalin ST powder (Fig. 5e). These re-

sults support the idea that celecoxib is well mixed and

adsorbed with Fujicalin ST and the grinding of this

mixture led to the changes in physicochemical properties

and change of the crystalline nature to the amorphous

state. The amorphous solids show better solubility

properties than the crystalline substances and therefore

can enhance the dissolution rate (Wong et al. 2006).

Therefore in our study, the improvement in dissolution

rates of celecoxib was due to the change of crystalline

nature of the celecoxib to the amorphous state when

prepared together with Fujicalin ST.

Thermal analysis

DSC study was conducted to confirm the melting points

of crystalline celecoxib, Fujicalin, Fujicalin ST,

Crospovidone and the ground mixture of celecoxib,

Crospovidone and Fujicalin ST (Fig. 6). Celecoxib ex-

hibited a characteristic endothermic fusion peak at

164.31 �C hence it was concluded that no polymorphs of

celecoxib were present (Reddy et al. 2004). Fujicalin

(Fig. 6b) did not show melting point between 0 and

Fig. 5 continued
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450 �C. However, persistence of the exothermic peak at

192.8 �C was observed for Fujicalin ST (Fig. 6c). This

observation supported that the crystallinity of Fujicalin

was reduced by Tween 80 when compared to that of

Fujicalin alone. Furthermore, the characteristic exother-

mic peak of the ground mixture of celecoxib,

Crospovidone and Fujicalin ST (Fig. 6c) was slightly

shifted to higher temperatures at 197.76 �C. It indicated
that celecoxib had formed a complex with Fujicalin ST.

This phenomenon indicated a stronger interaction be-

tween celecoxib and carrier in the solid state (Cabral

et al. 1990). Overall, the DSC results showed that the

crystallinity of celecoxib disappeared by grinding with

solidified Tween 80.

Fig. 6 DSC thermographs of

crystalline celecoxib (a),
Fujicalin (b), Fujicalin ST (c),
Crospovidone (d), Ground
mixture of celecoxib,

Crospovidone and Fujicalin ST (e)
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Conclusion

The aim of this study was to improve the solubility and

dissolution rate of celecoxib. Therefore, we prepared

celecoxib tablets using Fujicalin ST as one of the ex-

cipients in the solid dosage form. Conventional celecoxib

tablets were used as control. The aqueous solubility and

dissolution rate of celecoxib was found to be improved by

inclusion complexation with Fujicalin ST. Phase solubility

profile indicated that the solubility of celecoxib was

significantly increased in the presence of solidified Tween

80. The mixture of celecoxib with Fujicalin solidified

Tween 80 was found to alter the crystalline properties of

celecoxib, changing it to the more soluble, amorphous

state. These results suggested that solidified Tween 80 was

effective in altering the physicochemical properties as well

as improving the solubility and dissolution properties of

celecoxib. Thus, solidified surfactant technology can be

used to improve the solubility and dissolution of poorly

soluble drugs when formulated into solid dosage forms.

Fig. 6 continued
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