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Superdisintegrants
for Solid Dispersion 
To Produce Rapidly Disintegrating Tenoxicam 
Tablets via Camphor Sublimation 
Adel M. Aly,* M. Semreen, and Mazen K. Qato

The authors examined the effects of three super-
disintegrants (Kollidon CL, Ac-Di-Sol, and
Primojel) on the dissolution and absorption of
tenoxicam from solid-dispersion formulations.
The Primojel formulation had the highest drug
absorption level, which was improved by
tableting via camphor sublimation.

enoxicam is a nonsteroidal anti-inflammatory drug with
analgesic and antipyretic properties and which also in-
hibits platelet aggregation. It is a thienothiazine deriva-
tive belonging to the chemical class of oxicams with po-

tent inhibition of prostaglandin biosynthesis. Upon extravascular
administration, tenoxicam is absorbed unchanged. After oral
administration, it is absorbed completely, whereas absorption
following rectal administration is approximately 80% (1). Sev-

eral studies have been published regarding the
in vitro and in vivo absorption of tenoxicam
(2–8).

With the increase in the average human life
span, drug formulations tailored to elderly pa-
tients have become necessary. Many elderly
patients have difficulty swallowing tablets (9).
To help alleviate this problem, dosage forms
such as rapidly disintegrating or dissolving
tablets have been developed and applied clin-
ically (10–13). These dosage forms also can be
used for pediatric patients and for local action
within the oral cavity such as for local anes-
thetics for toothaches, cold sores, or teething.

The first objective of this investigation was to
prepare, using the coprecipitation (solvent evap-
oration) method, solid-dispersion formulations
containing tenoxicam with “Primojel”, “Ac-Di-
Sol,” and “Kollidon CL” as superdisintegrants,
in various ratios. The second objective was to
produce rapidly disintegrating tenoxicam tablets
capable of rapid absorption through the oral
cavity. The tablets were to be produced by direct

compression of the prepared coprecipitates as well as by the cam-
phor sublimation method to enhance tablet disintegration. An in
vivo study of tenoxicam, in which the percentage of drug released
in the buccal cavity was measured, also was performed to deter-
mine the effective dissolution of the drug.

Experimental
Materials. Tenoxicam was obtained from the Jordanian Pharma-
ceutical Manufacturing Co. (Amman, Jordan). Primojel and Kol-
lidon CL were obtained from Avebe (Veendam, The Netherlands).
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Figure 1: Method for measuring wetting time
and absorption ratio.

0

100

200

300

400

500

600

5.00
Time (min)

Te
n

ox
ic

am
 (m

V
)

2.430

Figure 2: Chromatogram of a solution
containing tenoxicam (retention time 5
2.430) at a concentration of 0.36 mg/mL
under optimized chromatographic
conditions.
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Ac-Di-Sol, direct-compression sugar, aspartame, and “Tutti Fruitti”
were obtained as gifts from Dar Al Dawa Pharmaceutical Manu-
facturing Co. Ltd. (Amman, Jordan). Polyethylene glycol 6000 was
obtained from Janssen Chimica (Geel, Belgium). All other chem-
icals used were of analytical reagent grade. Acetonitrile was pur-
chased from Scharlau (Barcelona, Spain). Water used in the mo-
bile phase was deionized, distilled, and filtered through a 0.45-mm
Millipore filter (Billerica, MA) under vacuum before use. Dis-
odium hydrogen phosphates (Panreac, Barcelona, Spain) were an-
alytical grade.

Methods. Preparation of solid dispersions by the coprecipitation (solvent
evaporation) method.Tenoxicam was dissolved in dichloromethane
to achieve a 1:2 tenoxicam–dichloromethane ratio at room tem-
perature and thoroughly mixed in a mortar with the excipient
(Kollidon CL, Ac-Di-Sol, or Primojel) in tenoxicam–excipient
ratios of 1:1, 1:3, 1:6, and 1:9. Then the dichloromethane was
evaporated in an oven at 80 8C for 2 h, and the coprecipitate
obtained was powdered in a mortar and passed through a 250-
mm sieve and stored overnight in a desiccator containing 
calcium chloride.

Differential scanning calorimetry (DSC) studies.Ten milligrams each of
pure tenoxicam powder, Kollidon CL, and tenoxicam–Kollidon
CL solid dispersion were subjected to DSC studies using a Perkin
Elmer DSC7 model. The scanning rate was 108 per min.

Flowability of powder.The bulk density of the mixed powders be-
fore compression was studied by determining the Hausner’s
ratio and the Carr’s index from the poured and tapped bulk
densities of a known weight of sample using a measuring cylin-
der and the following formulae:

Hausner’s ratio = Dp 4 Dt

Carr’s index = [(Dp 2 Dt) 4Dp] 3 100]

in which Dp (poured density) 5 weight 4 Vp (poured volume),
Dt (tapped density) 5 weight 4 Vt (tapped volume).

Particle or crystal density.The particle or crystal densities of each
powder mixture before compression were determined by the
liquid (normal hexane) displacement method (14), using a 100-
mL volumetric flask, according to the following formula:

Dp = weight of particles 4 true volume of particles displaced

in which Dp is the particle density.

Tablet preparation. Tenoxicam
tablets containing a coprecipitate of
tenoxicam were prepared with Kol-
lidon CL, Ac-Di-Sol, or Primojel in
a 1:9 ratio. All the formulations con-
tained 200 mg of the tenoxicam–
excipient dispersion, 20 mg of direct
compression sugar, 3.75 mg of
PEG6000, 20 mg of aspartame, and
1.25 mg of Tutti Fruitti. The formu-
lations prepared with camphor con-
tained 50 mg of camphor. The ingre-
dients were thoroughly mixed in a
cubic mixer (Erweka, Germany) for
5 min. The mixture was compressed
into 250-mg tablets using a tableting

machine (Korsch EK/O, Germany). Additional tenoxicam tablet
formulations that contained 20% camphor powder were pre-
pared. The ingredients were thoroughly mixed and compressed
into 250-mg tablets using the Korsch tableting machine. Tenoxi-
cam tablets containing camphor were then placed in an oven at
80 8C for 30 min to eliminate the camphor by sublimation (15).
A sample of 20 tenoxicam tablets was labeled and weighed be-
fore and after sublimation of camphor to determine the per-
centage weight loss.

Evaluation of the prepared tablets. Weight uniformity. Twenty ran-
domly selected tablets were weighed individually and the aver-
age weight, the standard deviation, and the coefficient of vari-
ation (percent) were calculated.

Uniformity of thickness and diameter. Ten tablets taken randomly
from each batch were measured for thickness and diameter
using an Erweka “TBH 50” hardness tester.

Tablet porosity.Tablet porosity (E) was calculated, as described
by Bi et al. (16), as follows:

E = 1 2 [m 4(Et 3 V)]

in which Et is the true density, and m and V are the weight and
volume, respectively, of the tablet. The results obtained were
the average of five determinations.

Wetting time and water absorption ratio.Procedures similar to those
used by Bi et al. (16) were used to measure tablet wetting time
and water absorption ratio (Figure 1). A piece of tissue paper
folded twice was placed in a small culture dish (i.d. 5 6.5 cm)
containing 6 mL of water. A tablet was placed on the paper, and
the time for complete wetting was measured. The results obtained
were the average of five measurements.

Disintegration time (in vitro).The disintegration time for six tablets
was measured, and the average time and standard deviation
were calculated for each.

Disintegration time in the oral cavity.The time required for complete
disintegration of a tablet in the oral cavity (on the tongue) was
collected from 10 healthy volunteers to whom each formulation
was administered at 24-h intervals (15).The end point was the
exact time required for complete disintegration of the tested tablet.

Determination of tenoxicam concentration by high-performance liquid chro-
matography (HPLC).Drug was chromatographed on a reverse-phase
C18 column using mixtures of buffer–acetonitrile, and the 

Table I: Flowability of mixed
ingredients before compression. 

Carr’s Hausner’s 
Formulation* index ratio
TX–PR 12.5000 1.14285
TX–PR–CAM 19.3548 1.24000
TX–ACD 15.9090 1.18918
TX–ACD–CAM 32.0000 1.47058
TX–KOL 18.1818 1.22222
TX–KOL–CAM 18.5185 1.22727
TX–KOL** 22.2222 1.28571
TX–KOL–CAM** 32.2580 1.47619

* TX denotes tenoxicam, PR denotes
Primojel, ACD denotes Ac-Di-Sol, KOL
denotes Kollidon CL, and CAM denotes
camphor.

** physical mixture.
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Figure 3: Differential scanning calorimetry study
of tenoxicam powder, Kollidon CL, and Kollidon CL
loaded with tenoxicam in a 1:9 ratio.
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eluents were monitored at various wavelengths. The method was
validated statistically for its linearity, accuracy, robustness, and
precision. The mobile phase was a mixture of 0.02 M disodium
hydrogen phosphate and acetonitrile (60:40 v/v). The pH was ad-
justed to 4.0 by adding orthophosphoric acid. The flow rate was
1.0 mL/min. The UV detector wavelength was set at 344 nm and
an attenuation of 1.0 AUFS was used (17). A chromatogram of
tenoxicam is shown in Figure 2.

In vivo oral absorption test.In vivo tests, similar to those conducted
by Ishikawa (11), were performed to study the oral absorption
of the prepared tenoxicam tablets after each formulation was
administered to 10 healthy volunteers (21–25 years old), keep-
ing the tablet in the oral cavity (on the tongue) until disinte-
gration. The subjects then rinsed their mouths with an aliquot
of distilled water. The rinse water was then subjected to a quan-
titative assay using HPLC (using the method described to de-
termine tenoxicam concentration), to determine the amount
of tenoxicam remaining in the oral cavity. The amount of drug
absorbed through the oral mucosa was calculated by subtract-
ing the amount remaining from the 10-mg initial concentra-
tion. A washout period of three days was taken to free the body
from the drug before dosing.

Dissolution studies. For the dissolution studies, a USP dissolu-
tion apparatus I with six baskets (Hanson Research Corpora-
tion, Chatsworth, CA) was used. One tablet was placed in each
basket, which rotated at 100 rpm in 900 mL of the dissolution
medium (phosphate buffer, pH = 7.0) at 37 8C. The experiment
was run for 1 h, during which samples were withdrawn at suit-
able time intervals and replaced by an equal volume of disso-
lution medium kept at 37 8C. Samples were assayed by HPLC.

Results and discussion
Differential scanning calorimetry study.Differential scanning calorime-
try was performed to study the physicochemical properties of the
pure tenoxicam powder, the Kollidon CL, and the tenoxicam–
Kollidon CL solid dispersion. The results are shown in Figure 3.
In the case of the Kollidon CL, a broad peak was seen at ;708
(representing its melting), far away from the endothermic peak
of the pure tenoxicam (2108). The intensity of the Kollidon CL
peak was low, whereas the pure Tenoxicam peak was broad, with
a marked decrease in sharpness in the solid-dispersion state, con-
firming the formation of a different crystalline state.

Dissolution of tenoxicam solid dispersion. The dissolution rate of
the tenoxicam formulated with the three tested disintegrants (Pri-

Table II: Physical properties of the prepared Tenoxicam tablets.
Formulation*

TX-PR– TX–ACD– TX–KOL- TX– TX–KOL-
Properties TX–PR CAM TX–ACD CAM TX–KOL CAM KOL** CAM**
Uniformity of Mean 0.24744 0.26564 0.25547 0.26629 0.26436 0.26134 0.25224 0.23617
weight (mg) CV† 4.920 5.359 3.276 3.276 3.811 4.054 2.081 3.150
Uniformity of Mean 13.217 13.083 13.233 13.2667 13.220 13.117 13.217 13.067
diameter (mm) CV 0.218 0.441 0.436 0.435 0.262 0.440 0.218 0.221
Uniformity of Mean 1.333 1.817 2.083 2.033 2.717 2.767 2.317 2.383
thickness (mm) CV 2.165 3.178 2.772 1.420 1.062 1.043 1.246 1.211
Uniformity of Mean 21.4 17.78 17.6 18.39 20.3 19.6 19.7 19.1
drug content (mg) CV 3.563 4.742 4.210 2.802 1.504 4.800 3.620 1.704

* TX denotes tenoxicam, PR denotes Primojel, ACD denotes Ac-Di-Sol, KOL denotes Kollidon CL, and CAM denotes camphor.
** physical mixture. † CV denotes coefficient of variation, expressed as a percent.

Table III: Density, porosity, wetting and disintegration time, and buccal absorption rate of the prepared tablets. 
Formulation*

TX–PR– TX–ACD– TX–KOL– TX– TX–KOL–
Properties TX–PR CAM TX–ACD CAM TX–KOL CAM KOL** CAM**
Particle density Mean 11.186 37.889 10.086 26.276 11.171 62.065 15.290 73.184
g/mL CV† 4.797 3.305 2.634 4.820 0.211 0.409 3.836 4.462
Porosity % Mean 92.124 97.355 91.484 96.433 93.938 98.663 95.270 98.896

CV 1.0490 3.333 3.537 1.267 2.018 2.358 0.271 1.574
Wetting Mean 45.333 31.000 69.333 50.000 20.333 8.783 8.500 8.333
time (s) CV 3.3695 3.226 2.203 3.333 2.839 0.463 5.882 3.464
In vitro Mean 43.667 21.333 55.000 51.000 3.483 1.000 7.167 4.567
disintegration CV 4.787 5.898 3.149 5.882 0.829 0.000 4.028 3.897
time (s)
In vivo Mean 52.000 33.667 80.250 60.000 12.333 8.833 21.697 16.333
disintegration CV 3.846 4.537 1.970 2.887 4.6812 3.268 4.778 3.5348
time (s)
% tenoxicam Mean 17.60 28.97 8.32 13.12 16.30 25.64 11.63 14.91
absorbed from CV 3.786 4.863 2.099 1.987 5.943 3.345 3.123 4.993
buccal cavity

*TX denotes tenoxicam, PR denotes Primojel, ACD denotes Ac-Di-Sol, KOL denotes Kollidon CL, and CAM denotes camphor.
** physical mixture. † CV denotes coefficient of variation, expressed as a percent.
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mojel, Ac-Di-Sol, and Kollidon CL) at different ratios (1:1, 1:3,
1:6, and 1:9) were studied. The dissolution rate of the physical
mixture of tenoxicam with each excipient (in a 1:9 ratio) with-
out treatment, as well as the pure drug alone, also were studied.
Results are shown in Figures 4, 5, and 6. A rapid dissolution rate
was obtained by increasing the proportion of any of the tested
disintegrants. Formulations containing a 1:9 drug–excipient ratio
showed the highest dissolution rates. The addition of the three
tested disintegrants markedly improved the dissolution rate com-
pared with the untreated tenoxicam powder and the physical
mixture (the physical mixing of tenoxicam with any of the tested
disintegrants affected the dissolution rate only slightly). Solid dis-
persion of drug throughout any of the tested disintegrants im-
proved the dissolution rate to 100% within 1 h, whereas ; 40%
of the untreated tenoxicam powder was dissolved in the same
time period. Thus, the effect of any disintegrant used is only
through solid dispersion, in which very fine particles of the ac-
tive drug molecules are dispersed throughout the excipient (a
rapidly dissolving material), resulting in rapid dissolution of the
drug. Generally, Kollidon CL was the most effective disintegrant
of the three tested, especially at a 1:9 ratio (Figure 7).

Powder flowability.Before tableting, the flowability of the mixed
ingredients of each formulation was studied. Although the pure
tenoxicam powder was nonflowable (the Hausner’s ratio was
;1.6), the addition of any of the three excipients resulted in a
formulation with a Hausner’s ratio of ;1.2, indicating that the
flowability had significantly improved (Table I). The inclusion
of camphor, however, slightly decreased the flowability. Thus,
the drug–excipient mixtures also showed decreasing Carr’s index
values, which means that they should have good compressibil-
ity compared with the nonflowable and noncompressible un-
treated powdered drug.

Tenoxicam tablets from solid dispersion. Physical properties.Table II
lists the physical properties of all the prepared tenoxicam tablet
formulations. The physical properties were acceptable accord-
ing to the USP 27–NF 22. The weight uniformity met the USP
requirements, with less than 65% variation in all cases. All the
tested formulations showed acceptable drug content values,
with less than 615% deviation (determined by HPLC as dis-
cussed previously). The uniformity of thickness and diameter
values also were acceptable.

The disintegration times (Table III) indicate that the formu-
lations containing Kollidon disintegrated the fastest, with the
tablets prepared using the camphor sublimation method dis-

solving in 1 s. These tablets also showed very high porosity and
short wetting times compared with the other tested formula-
tions. Primojel-containing tenoxicam tablets disintegrated more
slowly, either with or without camphor (in 21 and 44 s, respec-
tively). In all cases, the tablets prepared using the camphor sub-
limation method had higher porosity, and consequently lower
wetting times. In addition, the wetting time values were directly
proportional to the disintegration time values (Figure 8) be-
cause by increasing tablet porosity, more water can be absorbed
easily, facilitating tablet destruction.

Table III also shows that the oral disintegration values of all
the tablets were higher than those of the in vitro values, which
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Figure 4: Release profiles of tenoxicam from solid-dispersion
formulation with Primojel in various tenoxicam–Primojel ratios.
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Figure 5: Release profiles of tenoxicam from solid-dispersion
formulation with Ac-Di-Sol in various tenoxicam–Ac-Di-Sol ratios.
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Figure 6: Release profiles of tenoxicam from solid-dispersion
formulation with Kollidon CL in various tenoxicam–Kollidon ratios.
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may be attributed to the comparatively smaller volume of water
in the oral cavity. In addition, a good correlation was detected
between tablet disintegration time and porosity (Figure 9).

Dissolution study. The dissolution study of various tablet for-
mulations (Figures 10 and 11) revealed that tenoxicam release
from all the prepared tablet formulations was very rapid (; 80%
after 10 min). Tablets containing Primojel, with or without cam-
phor, showed the fastest initial drug dissolution. Tablets con-
taining Kollidon CL showed comparatively slow initial disso-
lution, followed by a very high rate after 15 min. A similar
pattern, though less pronounced, occurred in the tablets con-
taining Ac-Di-Sol. This effect may be a result of the initial rapid
swelling capacity of Kollidon CL and Ac-Di-Sol, which is asso-
ciated with the explosion and destruction of tablets. Primojel,
on the other hand, showed rapid swelling without destruction.
These effects are shown in the photograph of tablets after 1 min
of contact with water (Figure 12).

In vivo study of tenoxicam. Specific tablet formulations were
subjected to an in vivo buccal absorption test (with a washout
period of three days) to establish the amount of drug absorbed
during the disintegration period for each formulation, which
had been determined by HPLC. The results of the study are
shown in Table III. The amount of drug absorbed through the
mucous membrane of the oral cavity varied from ;12 to 29%,
depending on the formulation. For the physical mixture of
tenoxicam and Kollidon CL, a very low concentration of drug
was absorbed (;12%). The inclusion of camphor (without
loading) slightly improved absorption (to ;15%), whereas the
loading of tenoxicam into the Kollidon by solid dispersion
markedly improved drug absorption (to ;26%). Overall, the
Primojel-containing formulation showed the highest amount
of drug absorbed (;29%), followed by the Kollidon formula-
tion. The inclusion of Ac-Di-Sol produced the lowest level of
tenoxicam absorption (;13%).

In the tablets containing tenoxicam–Primojel solid disper-
sion, the inclusion of camphor decreased the oral disintegra-
tion time (from 52 to 33.6 s) as well as markedly improving
drug absorption from 17.6 to 29%. Formulations containing
Kollidon showed similar results, i.e., the inclusion of camphor
markedly increased the amount of drug absorbed (from 16.3
to 25.6%).

Conclusion
From the results obtained, it can be concluded that the solid dis-
persion of tenoxicam into each of the three tested disintegrants
(Kollidon CL, Ac-Di-Sol, and Primojel) markedly improved the
dissolution rate of tenoxicam powder. Tablets with a drug–ex-
cipient ratio of 1:9 showed the fastest dissolution rate. The phys-
ical properties of all prepared tablets formulation were accept-
able according to USP 27–NF 22. The disintegration time value
for tenoxicam tablets containing Kollidon CL prepared using
the camphor sublimation method was the fastest (;1 s). The 
in vivo study, in which the percentage of drug absorbed through
the buccal cavity was measured, showed that the tenoxicam-
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Figure 12: Photograph showing the effect of water on tenoxicam
tablets containing (a) Ac-Di-Sol, (b) Kollidon, or (c) Primojel.
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Primojel loaded formulation had the highest absorption val-
ues, particularly when prepared by the camphor sublimation
method (;29%).
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