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Abstract
Purpose The classic liquisolid technique is used to enhance the dissolution rate of poorly water-soluble drugs, but in some
cases, it is impossible to reach the desired dissolution rate using this technique alone. Therefore, a novel approach using a
combination of ball milling and liquisolid technology was investigated to improve the dissolution rate for celecoxib.
Methods First, celecoxib was dispersed in a liquid vehicle (PEG 200), then ground in a ball mill for 3 h. Other excipients,
including PVP, microcrystalline cellulose as the carrier powder, and silica as the coating material, were added to the mortar.
Dissolution testing was carried out in simulated intestinal fluid (SIF) and simulated gastric fluid (SGF) media. The effects of
aging on the hardness and dissolution profile were also studied. X-ray diffraction (XRD) and differential scanning calorimetry
(DSC) was used to identify changes in the crystallinity or complex formation.
Results The novel formulations showed a higher dissolution rate than the conventional tablet or classic liquisolid formulations. Aging did not affect the hardness and dissolution profiles of the liquisolid compacts. The DSC and XRD results
suggested that the enhanced dissolution rate is not caused by the formation of any complexes and reduction in crystallinity
degree may contribute to the dissolution enhancement. The enhanced dissolution rate is attributed to the elevated specific
surface area of the drug in the liquisolid state.
Conclusion The results showed that liquisolid technology combined with ball milling is an efficient tool for enhancing the
dissolution of poorly water-soluble drugs.
Keywords Celecoxib · Liquisolid · Dissolution rate · Ball mill · Co-grinding

Introduction
In the pharmaceutical industry, each drug and its pharmaceutical dosage forms are developed and supplied to create
a specific pharmacological effect. Oral solid pharmaceutical
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dosage forms need to initially dissolve in gastrointestinal
fluid as part of the absorption process, which transports
the drug into the circulatory system to produce a pharmacological effect. In the case of water-insoluble drugs that
are administered orally, the rate of drug uptake is usually
controlled by the rate of drug dissolution in gastrointestinal
fluid, and in such cases, the rate of uptake will be equal to
the rate of dissolution [1, 2]. Therefore, by increasing the
rate of drug dissolution, the rate, and sometimes the extent,
of drug absorption can be increased. The best and most practical way to improve the bioavailability of water-insoluble
drugs is to increase the solubility and dissolution rate of the
drug [3].
Celecoxib is a water-insoluble drug whose oral absorption is affected by its rate of dissolution. More specifically,
the bioavailability of the drug is controlled by its dissolution rate in the gastrointestinal tract (GIT) [4]. Therefore,
its bioavailability can be increased by increasing the drug
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dissolution rate in the GIT. The liquisolid technique is used
to increase the dissolution rate of water-soluble drugs [5].
In liquisolid technique, a non-volatile solvent dissolves the
poorly water-soluble drug and the resultant solution or suspension is known as liquid medication [6, 7]. The liquid
medication (solution or suspension) is then converted to
dry-looking, non-sticky, free-flowing powder by adding carrier and coating materials to make it a compactible powder
mixture [6, 8, 9]. Liquisolid technique is one of the promising methods for dissolution enhancement of poorly water
soluble drugs [10, 11] but it seems its application in high
dose drugs is challenging [12].
The grinding method is another method to enhance the
dissolution rate by reducing the particle size of the poorly
water-soluble drugs, particularly when the poorly watersoluble drug is mixed with hydrophilic excipients. Improvements in the dissolution rate of co-grinded particles can
be explained by the reduction in particle size. The use of
the combination of these two methods (liquisolid and cogrinding) is in its infancy as only one article has been published so far [13]. Therefore, there is a big gap to explore
the application of the combined methods on various BCS
class II drugs such as celecoxib, particularly where liquisolid
and grinding alone could not improve its dissolution, which
is the case for celecoxib. The aim of the current study is
to explore if a combination of liquisolid and grinding techniques can show a synergistic effect on the dissolution rate of
celecoxib. In addition, previous studies have shown that the
liquisolid technique did not significantly increase the dissolution rate of celecoxib. Therefore, in this study, the liquisolid
technique was combined with co-grinding in an attempt to
further improve the dissolution rate.

Materials
The following materials were used in this work: celecoxib
(Darupakhsh Pharmaceuticals, Tehran), microcrystalline
cellulose (Avicel PH101) (Mingtai Chemical, Taiwan),
sodium starch glycolate (Mingtai Chemical, Taiwan), colloidal silicon dioxide (Mingtai Chemical, Taiwan), magnesium stearate (Mingtai Chemical, Taiwan), ethanol (Merck,
Germany), polysorbate 80 (Tween 80) (Merck, Germany),

polyvinylpyrrolidone (PVP-K30) (Sharlau, Belgium), polyethylene glycol 200 (Merck, Germany). Materials such as
sodium chloride (Merck, Germany), monobasic potassium
phosphate (Merck, Germany), sodium hydroxide (Merck,
Germany), and 37% hydrochloric acid (Merck, Germany)
were used to prepare simulated gastric fluid (SGF) and simulated intestinal fluid (SIF).

Preparation of Celecoxib Formulations
Preparation of Tablets Using a Combination of Ball Milling
and Liquisolid Techniques
The liquid medication was prepared by dispersing celecoxib
in specified amounts of polyethylene glycol 200, which was
then transferred to a planetary ball mill containing several
stainless steel balls (5–10 cm diameter) equipped with a
50-mL zirconia milling chamber (PM 100 RESTCH, Germany) that milled for 3 h. After uniform dispersion was
achieved, PVP was slowly added to the liquid medication
and mixed gently for 5 min. Next, according to the calculated load factor, a specified amount of Avicel PH101 was
added and mixed with liquid medication using a mortar and
pestle. Silica coating material with uniform size, which was
previously sieved using a 60-mesh sieve, was then added to
the mixture of silica to Avicel (with a ratio of 1:20) and was
mixed for 5 min to obtain a dry and non-cohesive mixture
[14–16].
Considering the carrier-to-coating material ratio (R), a
decrease in R will increase the load factor and the weight
of the final dosage form will decrease [16, 17]. However,
with decreasing R-value, the dissolution rate of the drug
decreases [16]. It is generally found that when R-value is 20,
good drug release is observed and the weight of the final unit
dosage form remains reasonable [16]; therefore, an R-value
of 20 was selected for this study. Finally, sodium starch glycolate, 3.5% (w/w), was added as a super disintegrant to
the obtained formulations and mixed for 15 min. Tablets
containing 100 mg of celecoxib were then prepared using
compression forces of 50, 100, and 150 kg/cm2 on a manual
tableting machine (Riken, P-16B, Tokyo, Japan) to obtain
tablets with the hardness of 5–7 kg/cm2. The formulation
components are detailed in Table 1.

Table 1  Compositions of formulations prepared by combination method
Amount of API in
liquid medication
(% w/w)

Formulation Magnesium Sodium starch Silica
stearate (g) glycolate (g) (g)

Avicel (g)

PVP (g)

Liquid vehicle (g) API (g)

Tablet weight

30
40
50

LSB1
LSB2
LSB3

23.25
23.25
23.25

1
1
1

7
6
5

1.205
0.937
0.750
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0.3
0.3
0.3

1.7
1.7
1.7

1.1
1.1
1.1

3
4
5
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Table 2  Compositions of liquisolid formulations
Amount of API in
liquid medication (%
w/w)

Formulation

Magnesium Sodium starch Silica (g)
stearate (g) glycolate (g)

Avicel (g) PVP (g) Solvent (g) Drug
(g)

Tablet weight
(g)

30
40
50

LS1
LS2
LS3

0.3
0.3
0.3

23.25
23.25
23.25

1.205
0.973
0.750

1.7
1.7
1.7

1.1
1.1
1.1

Preparation of Conventional Liquisolid Tablets
Conventional liquisolid tablets were prepared similarly to
the combination method in the previous section, except ball
milling of the liquid medication was omitted. Celecoxib and
the non-volatile co-solvent (polyethylene glycol 200) were
mixed using a mortar and pestle to obtain a uniform dispersion. The other excipients were then added as in the previous method, according to Table 2, and force of 50, 100, or
150 kg/cm2 was applied using a manual tableting machine
to obtain tablets with a hardness of 5–7 kg/cm2.
Preparation of Direct Press Formulation (by Simple Mixing
Method)
The direct compression formulation was prepared similarly
to the liquisolid tablets except the non-volatile co-solvent
was omitted. The tablets were compressed and prepared
using a 12 mm flat-faced punch with a compression pressure of 50 kg/cm2. The composition of the formulation is
detailed in Table 3.

Evaluation of Celecoxib Dissolution Rate
The dissolution apparatus recommended by the USP for
tablets (USP apparatus II) was used to analyze the in vitro
drug release rate of all formulations. In this method, 900 mL
of SGF (pH = 1) and SIF (pH = 7.2) without enzyme were
used as the dissolution media. The rotation speed of the
device was set to 50 rpm. The temperature of the dissolution medium was stabilized at 37 °C during the experiment.
At intervals of 5, 10, 15, 30, 45, 60, 90, and 120 min, a 5-mL
sample of the medium was withdrawn from each dissolution

1
1
1

7
6
5

3
4
5

and then replaced by 5 mL of fresh dissolution medium
to maintain a constant volume. The samples were filtered
using 0.45 µm Millipore syringe filters before quantification
using the UV–vis absorbance at 249 nm. Preliminary data
obtained from the calibration curve were used to calculate
the percent drug release.
To correct for the decrease in concentration due to sampling, a correction factor was calculated using the following
Eq. (1):
∑
n−1
Ctn = Con + 𝜈∕V
Coi
(1)
i=1
where Ctn is the actual concentration of the sample n, Con
is the measured concentration of the sample n, v is the volume of the sample taken, V is the volume of the dissolu∑
tion medium, and n−1
Coi is the sum of the concentrations
i=1
measured for all samples before sample n.
The in vitro release profile was investigated by using
similarity factor (f2) defined by the following equation:
}
{[
)]−0.5
1 ∑n (
R
−
T
×
100
f 2 = 50log 1 +
(2)
t
t
t=1
n

In the equation, n is the number of the time points, and
Rt and Tt are the percentage of the dissolved drug for two
formulations that are being compared. The similarity factor
less than 50 is considered a significant difference between
the two dissolution profiles.

Friability Test
This test was carried out using 10 tablets of each formulation type. The weight was recorded then the tablets
were placed inside a dual-chamber drum friability tester

Table 3  Compositions of direct compression formulations
Amount of API in liquid
medication (% w/w)

Formulation

Magnesium
stearate (g)

Sodium starch Silica (g)
glycolate (g)

Avicel (g)

PVP (g)

Drug (g)

Tablet
weight (g)

30
40
50

DC1
DC2
DC3

0.3
0.3
0.3

1.7
1.7
1.7

23.2
23.2
23.2

1
1
1

3
4
5

1
0.756
0.648

1.1
1.1
1.1
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(Erweka) and spun for 4 min at 25 rpm. Afterward, the
tablets were removed from the machine, dusted, and
weighed again, and calculations were performed using
the following equation:
(3)

Friability = 100 × [1 − W2 ∕W1 ]
W2	Final weight
W1	Initial weight

Acceptable friability (weight loss) for tablets under
these conditions is less than 1%. The results of the friability tests are presented in Table 4.

Investigating the Effect of Aging on the Hardness
and Release Rate of the Co‑ground Formulations
To investigate the effect of aging on the hardness and drug
release rate of the prepared formulations and to investigate
possible leakage of non-volatile co-solvent, some of the
tablets from each series were selected and stored at 25 °C
(away from moisture and light) for 6 months. The tablet
hardness was then checked using a hardness tester (Erweka
TBH 30MD) and, finally, a dissolution test was performed
under the same conditions mentioned in the “Evaluation of
Celecoxib Dissolution Rate” section.

Results and Discussion
Powder X‑ray Diffraction Spectroscopy Analysis
Powder X-ray diffraction was used to investigate the
solid-state properties of the prepared formulations. For
this purpose, the pure drug, co-ground formulation, liquisolid formulation, physical mixture, Avicel PH101, and
silica were investigated. All samples were prepared and
placed on a copper plate for X-ray irradiation (Cu-k) with
a wavelength of 1.5406 A. The ambient temperature was
25 °C and the 2θ angle was 5–70° with a scanning rate of
60°/min.

Differential Scanning Calorimetry
DSC thermograms of celecoxib, excipients, and formulations were obtained using a DSC-60 device (Shimadzu,
Japan). The samples were weighed (3–5 mg) and placed
in aluminum pans, which were pressed using a Shimadzu
crimper after fitting the caps. In each test, the temperature
was increased at a rate of 10 °C per minute in the range
of 25–300 °C.

Table 4  Friability results
Formulation

W1 (g)

W2 (g)

Friability
(%)

LSB1
LS1
DC1
LSB2
LS2
DC2
LSB3
LS3
DC3

5.985
6.106
4.988
4.6553
3.887
3.8754
2.962
3.511
3.136

5.978
6.0987
4.959
4.6445
3.872
3.8735
2.950
3.498
3.128

0.12
0.12
0.58
0.14
0.39
0.55
0.41
0.37
0.25
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Comparison of the Dissolution Profiles
of the Co‑ground Formulations in SGF and SIF Media
Celecoxib is a weakly acidic drug, so it is expected that the
dissolution rate will increase with increasing pH. According to Fig. 1, the maximum release of the formulation that
combines liquisolid and ball milling technique was 28.53%
in SIF medium and 18.1% in SGF medium after 2 h (bear in
mind this is a non-sink condition). There are no significant
differences between the two dissolution profiles. The pKa
of celecoxib is 11.1 [18] so it is non-ionized at pH below
its pKa of 11.1 and the change in pH in this range does not
cause a significant change in drug dissolution according to
the dissolution profile shown in Fig. 1.
The dissolution medium proposed by the US FDA has
a pH of 12 (https://www.accessdata.fda.gov/scripts/cder/
dissol ution/d sp_getall data.c fm), which is justified by
celecoxib’s pKa but is not compatible with in vivo environments. Therefore, in this study, it was preferred to use the
actual pH of the stomach or small intestine. Similar results
were obtained for the other formulations containing 40%
and 50% API in liquid medication in both SIF and SGF.

Comparison of Dissolution Profiles of Formulations
Made via Liquisolid‑Ball Milled, Conventional
Liquisolid, and Physical Mixture Approaches
In Figs. 2, 3 and 4, it can be seen that the drug dissolution rate
of the liquisolid co-ground formulation, i.e., the formulation
prepared using a ball mill, is significantly faster than that of
the physical mixture by a factor of about 7.5 after 60 min. As
the wettability of the liquisolid formulation is improved due
to the presence of hydrophilic liquid vehicle, therefore, more
of the drug particles is exposed to the dissolution medium,
hence improving the dissolution rate [19–23]. Generally, the
dissolution rate of drugs in the dissolution medium depends
on the contact area of the drug with the dissolution medium

Fig. 1  Dissolution profiles
of LSB1 (made by combined
method containing 30% API in
liquid medication) in SGF and
SIF media

Culmulave drug released (%)
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[24]. It is known that the specific surface area of the drug
when the combination of milling and liquisolid is used is
higher than celecoxib particles in DC tablets. Therefore,
liquisolid co-ground formulations show a better dissolution
rate compared to the other formulations. The gradient of the
drug concentration versus time indicates the rate of drug

Fig. 2  Release profiles of the
prepared formulations (30%) in
SIF medium

dissolution [25]. At a constant rotational speed of the paddle
(50 rpm) and in the same dissolution medium, the thickness
of the static diffusion layer and the diffusion coefficient of
the drug molecules can be considered the same. Therefore,
the high dissolution rate of tablets prepared by the co-ground
and classical liquisolid methods is attributed to a significant

Co-ground (30%)(LSB1)

35

Classic liqisolid (30%)(LS1)
Physical Mixture (30%)(DC1)

Cumula ve drug release (%)

30
25
20
15
10
5
0

0

30

60

90

120

Time (min)
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Fig. 3  Release profiles of the
prepared formulations (40%) in
SIF medium

Fig. 4  Release profiles of the
prepared formulations (50%) in
SIF medium

Cumula ve drug release (%)

increase in the specific surface area of dispersed celecoxib
[26, 27]. The Noyes–Whitney equation assumes the constant
proportionality of dissolution rate to the concentration difference (Cs − C(t)) between the solubility, Cs, and the concentration of drug in the dissolution medium at time t, C(t), [28,
29]. There are other models of dissolution that are derived by
extending the Noyes–Whitney equation [30–40]. In addition,
the saturation of the drug in the microenvironment (Cs) in
liquid-to-solid systems is expected to increase in liquisolid
co-ground formulations. Although the small amount of liquid
solvent applied to the solid in each liquisolid tablet is not
sufficient to increase the overall drug solubility in the dissolution medium, it is possible that in the microenvironment, the

liquid medication diffusing out of liquisolid primary particles
may be sufficient to enhance the solubility of the drug by acting as a co-solvent with the aqueous dissolution medium in
the diffusion boundary layer. Such an increase in Cs increases
the drug dissolution rate [25, 27]. In the dissolution profiles
shown in Figs. 2, 3 and 4, it can be seen that the drug release
rate for the tablets made using the combination of ball milling
and liquisolid method (co-ground formulation) is faster than
that for the tablets made using the classical liquisolid method.
This is owing to the influence of ball milling of the celecoxib
particles, resulting in a reduction in the particle size, which
improves the drug wettability with the non-volatile co-solvent
[6, 19, 41–44]. Moreover, according to the Noyes–Whitney

30

Co-ground (50%)(LSB3)

25

Classic liquisolid (50%)(LS3)
Physical Mixture (DS3)

20
15
10
5
0

0

30

60

Time (min)

13

90

120
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equation, increased solubility is expected with a decrease in
drug particle size.
Figures 2, 3 and 4 show that the combination of liquisolid with ball milling and liquisolid only formulations has a
faster drug release rate than the physical mixture. The tablets
prepared with the combined method have a better dissolution
profile than the tablets prepared with the classical liquisolid
method. Furthermore, when the concentration of the drug
in the liquid medication is increased, the dissolution rate of
the drug decreases. This difference can be explained by the
theory of solubilization and molecular dispersion state of
the drug in the formulations, as discussed earlier. By using a
higher amount of solvent in the formulation, higher molecular dispersion of the drug is achieved, leading to an increased
release rate for the tablets prepared using 30% API in the liquid medication compared to those containing 40% and 50%.

Powder X‑ray Diffraction Analysis
The polymorphic structure of a drug affects its dissolution
rate and bioavailability, so the polymorphic changes to
celecoxib during the process should be considered. The
diffractograms of celecoxib, Avicel, silica, and the formulation prepared using different methods are shown in

Fig. 5. The crystalline celecoxib has sharp peaks at 5°,
10.5°, 16°, and 21.5°. This celecoxib diffractogram is consistent with reports in the literature [32]. The liquisolid
and physical mixture formulations showed similar diffraction patterns, except that the peak heights were significantly lower. This is due to the lower concentration of the
drug in these systems compared to others and also a possible reduction in the degree of crystallinity. In addition,
no peaks other than those related to pure celecoxib and
Avicel were observed in the case of the liquisolid systems,
indicating no chemical interaction between the drug and
the excipients.

DSC Thermogram Analysis
In the thermogram of pure celecoxib, the melting peak is
observed at 161. 26 °C, which is shown by the sharp endothermic peak. According to Fig. 6, in the physical mixture
thermogram, a small peak is also observed at this point,
which is due to the low concentration of the drug in the
formulation. However, there is no peak in the co-ground
and classic liquisolid formulations, which could be due
to changes in the degree of crystallinity and amorphous
form of the drug.

12000

10000
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8000

6000

celecoxib
LS 50%

4000

DC 50%
Avicel

2000

0

LSB 50%
0

5

10

15

20

25

30

35
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2theta
Fig. 5  Diffractograms of formulations made by direct compression, classic liquisolid and combined methods, pure drug, and Avicel
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Fig. 6  Thermograms of different formulations containing 50% celecoxib and excipients

The liquisolid tablets use a non-volatile co-solvent within
the matrix of the tablet, so over time this solvent may leak
out to the surface of the tablet and, in addition to disrupting
the structure of the dosage form, it may cause the tablets to
adhere to each other. In addition, it can change the hardness
of the tablets over time, all of which can affect the release
pattern and stability of the drug. To investigate the effect
of aging on the hardness and release rate of the co-ground
formulations and to investigate possible leakage of liquid
solvent, many tablets from the 40% co-ground formulation
series were selected and stored at room temperature (away
from moisture and light) for 6 months. The hardness was
then checked using a hardness tester and, finally, a dissolution test was performed with the same conditions as mentioned before. No visible cracks or leaks were observed in
the tablets. The results of the hardness test showed that there
was no significant difference between the initial hardness
and hardness of tablets after 6 months (6–7 kg/cm2). It can

13

be concluded that the hardness of the prepared liquisolid tablets does not change significantly during storage and solvent
leakage does not occur on the tablet surface. The dissolution
30

Cumulave drug release (%)

Evaluation of the Effect of Aging on the Hardness
and Drug Dissolution Rate

25
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Fig. 7  Dissolution profiles for freshly prepared tablets containing
40% celecoxib made with the combined liquisolid and ball milling technique with the corresponding aged tablet (6 months) in SIF
medium
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20
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Cumulave drug release (%)

Fig. 8  Dissolution profiles
for freshly prepared tablets
containing 40% celecoxib made
with the combined liquisolid
and ball milling technique with
the corresponding aged tablet
(6 months) in SGF medium
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profiles of the freshly prepared and aged tablets are shown
in Figs. 7 and 8. As can be seen, there was no significant
change in the dissolution profile of freshly prepared tablets
and aged tablets in the SIF and SGF environments (f2 > 50).
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