Research Paper

Development and Validation of Discriminating and
Biorelevant Dissolution Test for Lornoxicam Tablets
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Anumolu, et al.: Dissolution Method for Lornoxicam
The establishment of biorelevant and discriminating dissolution procedure for drug products with limited water
solubility is a useful technique for qualitative forecasting of the in vivo behavior of formulations. It also characterizes
the drug product performance in pharmaceutical development. Lornoxicam, a BCS class-II drug is a nonsteroidal
antiinflammatory drug of the oxicam class, has no official dissolution media available in the literature. The objective
of present work was to develop and validate a discriminating and biorelevant dissolution test for lornoxicam tablet
dosage forms. To quantify the lornoxicam in dissolution samples, UV spectrophotometric method was developed
using 0.01M sodium hydroxide solution as solvent at λma× 376 nm. After evaluation of saturation solubility,
dissolution, sink conditions and stability of lornoxicam bulk drug in different pH solutions and biorelevant media,
the dissolution method was optimized using USP paddle type apparatus at 50 rpm rotation speed and 500 ml
simulated intestinal fluid as discriminating and biorelevant dissolution medium. The similarity factor (f2) were
investigated for formulations with changes in composition and manufacturing variations, values revealed that
dissolution method having discriminating power and method was validated as per standard guidelines. The proposed
dissolution method can be effectively applied for routine quality control in vitro dissolution studies of lornoxicam
in tablets and helpful to pharmacopoeias.
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Dissolution tests are used in the pharmaceutical
industry in a wide variety of application: To identify
which sort of formulation will produce the best results
in the clinic, to release products to the market, to
verify batch-to-batch reproducibility, and to help
identify whether changes made in the formulations
or their manufacturing procedure after marketing
approval are likely to effect the performance in
the clinic. Further, dissolution tests can sometimes
be implemented to determine whether a generic
version of the medicine can be approved or not[1-3].
If the developed dissolution method mimics the
GI-tract environment with discriminating power,
it can be useful to forecast the in vivo behavior
of formulations and to characterize the in vitro
dissolution profiles of drug products during
pharmaceutical development [4-8] . Bioequivalence
problems arise in class II and class IV categories

of the biopharmaceutical classification of drugs
(BCS). The class II category, low solubility and high
permeability drugs are identified as potential drug
candidates for investigation. The low solubility aspects
can be handled in order to develop a biorelevant
and discriminating method for dissolution[9-13]. The
development of a meaningful dissolution procedure
for drug products with limited water solubility has
been a challenge to both the pharmaceutical industry
and the agencies that regulate them[14]. Lornoxicam,
6-chloro-4-hydroxy-2-methyl-N-2-pyridinyl-2Hthieno[2,3-e]-1,2-thiazine-3-carboxamide-1,1-dioxide
(fig. 1) is a novel nonsteroidal antiinflammatory
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Analytical method:
Standard solution of lornoxicam was diluted
appropriately with 0.01M sodium hydroxide (NaOH)
to obtain a solution containing 10 µg/ml lornoxicam.
This solution was scanned between 200-400 nm[18].

Fig.1: Chemical structure of lornoxicam

agent with marked analgesic properties[15]. Literature
survey revealed that there is no official dissolution
test has been reported for lorinoxicam. Therefore, the
objective of present investigation was to develop and
validate a discriminating and biorelevant dissolution
test for lornoxicam.

MATERIALS AND METHODS
All analytical grade chemicals and reagents were used
for this investigation. Lornoxicam, the main active
pharmaceutical ingredient was a gift sample from Hetero
Drugs Limited, Hyderabad. The marketed formulations,
Lornoxi 4, Lornoxi 8, Lorsaid 4 and Lorsaid 8 were
procured from a local pharmacy. Chemicals like glacial
acetic acid, hydrochloric acid, lactose, magnesium
stearate, microcrystalline cellulose, potassium dihydrogen
phosphate, sodium acetate, sodium dihydrogen phosphate,
sodium hydroxide, sodium chloride, starch were
purchased from S. D. Fine Chem Ltd, Mumbai, India;
sodium lauryl sulphate (SLS) and Triton X100 were
purchased from Himedia Ltd, Mumbai, India.
Biorelevent media like simulated gastric fluid (SGF)
without enzyme, SGF media with 0.25% w/v SLS,
SGF media with 0.1% v/v Triton Χ 100, simulated
intestinal fluid (SIF) without enzyme, fasted state
simulated intestinal fluid (FaSSIF) pH 6.5, fed state
simulated intestinal fluid (FeSSIF) pH 5.0 were
prepared according to the USP procedures[16,17].
Electrolab-TDT-08L dissolution test apparatus, double
beam 1800 UV/Vis spectrophotometer (Shimadzu,
Japan), analytical balance (Shimadzu AUX 220,
Japan), orbital shaker bath (Bio-Technics, India),
pH meter (Elico, Hyderabad), ultrasonic cleaner
(Sonica), tablet compression machine (Lab press-  CIP
machineries, Ahmedabad, India) and hardness tester
(Secor, Hyderabad, India) were used in this study.
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Saturation solubility studies:
The solubility of lornoxicam was determined by
preparing saturated solutions in different media such
as double distilled water, 0.1M hydrochloric acid,
acetate buffers (pH 2.7, 3.7 and 4.7), phosphate
buffers (pH 5.8, 6.8 and 7.4), simulated gastric
fluid without enzyme and with surfactants (SGF,
SGF+0.25% w/v SLS and SGF+0.1% v/v Triton
X-100), and blank fasted and fed state intestinal
fluids (FaSSIF and FeSSIF). An excess of lornoxicam
was taken in a 50 ml volumetric flask containing
10 ml of media. An orbital shaker bath was used for
continuous shaking of the sample solutions in the
volumetric flasks for a period of 24 h at temperature
37±1°. The equilibrated solutions were removed,
filtered (Whattman filter paper No. 41) to separate the
saturated solutions from excess undissolved drug. The
saturated solutions of different systems were suitably
diluted with 0.01 M sodium hydroxide solution and
the concentration of lornoxicam was determined
spectrophotometrically by measuring the absorbance
at 376 nm, as reported in the analytical method.
Dissolution test conditions:
Dissolution testing of lornoxicam (8 mg) bulk drug
filled capsule (n=3) was performed in a paddle
type USP tablet dissolution apparatus, in 500 ml
of various buffers, such as 0.1M HCl, acetate
buffers (pH 4.7), phosphate buffers (pH 6.8 and
7.4) and media such as SGF without enzyme, blank
FaSSIF, FeSSIF and SIF without enzyme at 50 rpm
and 37±1° for 45 min. Aliquots of 5.0 ml were
withdrawn at each time (5, 10, 15, 20, 30 and
45 min) interval up to 45 min, and replaced with
an equal volume of fresh medium to maintain sink
conditions. At the end of the test, the withdrawn
samples were filtered, diluted with 0.01M sodium
hydroxide and quantified by the spectrophotometric
method (n=3). The amount of dissolved drugs was
computed from the respective calibration curves and
then plotted against time. The medium in which
highest drug release occurred for lornoxicam bulk
drug, that medium was chosen for in vitro dissolution
studies of tablet dosage form.
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Stability determination:
Samples of lornoxicam were collected from the
optimized dissolution medium and were diluted with
0.01M sodium hydroxide to get final concentrations of
samples within the linearity range of analytical method
to measure the absorbance at 376 nm. The drug
concentration calculated by using regression equation
in samples of 0, 24 and 48 h were compared.
Discriminating power of the dissolution media:
Discriminatory power of the dissolution method
was determined by manufacturing the tablets under
different conditions like hardness variation and
disintegrated effect (with and without disintegrant).
The dissolution behavior of punched tablets was
investigated in the presence of proposed dissolution
test conditions[19]. The dissolution profile data were
also compared mathematically using the similarity fit
−0.5
  1 n


factor (f2), f 2 = 50 log  1+ ∑ ( Rt − Tt ) 2  ×100

  n t =1

If f2 is less than 50, then two dissolution profiles are
considered as dissimilar. The similarity increases as
the f2 value increases above 50 and approaches 100.
The dissolution method was validated by analyzing
specificity, linearity, accuracy, precision and robustness
as per standard guidelines[20].
Specificity:
The specificity of the proposed method was evaluated
through the analysis of a placebo solution, which
was prepared with the common excipients (lactose,
starch, microcrystalline cellulose, magnesium stearate,
titanium dioxide and talc) of the pharmaceutical
formulation. Thus, the mixture of component inert
was prepared in their usual concentration employed
in tablets (concentrations were determined based
on the Handbook of Pharmaceutical Excipients and
calculated for medium weight of content) [21]. The
developed method was applied in order to check if
any component of the formulation and dissolution
medium could interfere with the absorbance of
lornoxicam at selected wavelength.
Linearity:
Aliquots of lornoxicam stock solution (1000 µg/ml)
were diluted with 0.01M sodium hydroxide solution to
give concentration of 2-22 µg/ml. Each solution was
prepared in triplicate and linearity was determined
314

by constructing the plot between analyte intensity vs.
concentration to calculate the regression line by linear
least squares methodology.
Precision:
The precision of the method was determined by
intraday precision and interday precision variations
as per standard guidelines. The intraday precision
and interday precision were assessed after subjecting
six tablets to the dissolution test conditions, on the
same day and on three different days respectively.
The % RSD was calculated.
Accuracy:
The accuracy was carried out by adding known
amount of standard drug at 80, 100 and 120% of the
nominal assay of lornoxicam to the placebo sample in
the dissolution medium and then subjected to the
proposed dissolution method. The experiment was
conducted in triplicate. The percentage recovery and
percentage relative standard deviation (% RSD) were
calculated for each concentration.
Robustness:
The robustness was studied by evaluating the effect
of small but deliberate variations in the optimized
dissolution test conditions. Different parameters
that were altered to evaluate the robustness of the
method such as bath temperature (±2.0°), pH of the
dissolution medium (±2.0) and paddle rotation speed
(±2 rpm)

RESULTS AND DISCUSSION
The standard solution of lornoxicam (10 µg/ml) was
scanned between 200-400 nm and found maximum
absorbance at 376 nm. Hence, this wavelength has
been selected for the development of standard plot
and for the analysis of dissolution samples. The
solubility profile of lornoxicam revealed that the
solubility is pH-dependent. Lornoxicam exhibited
significant solubility in water, phosphate buffers
pH 6.8 and 7.4; this may be due to hydrogen bond
formation and electrostatic interactions between –OH
group and sodium hydroxide which is present in
phosphate buffers. The pKa value of lornoxicam is
6.8, indicates high solubility of lornoxicam at above
pH 7.0 (Table 1). The ratio of saturation solubility
and drug concentration (dose) signify the closeness
to the sink conditions. The term sink condition is
defined as a volume of medium at least three times
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the volume required to form a saturated solution of
a drug substance. The sink conditions of lornoxicam
was calculated based on the solubility in different
medias revealed that only phosphate buffer pH 7.4
and water exhibit the sink condition, but water is
not ideal dissolution medium for in vitro dissolution
test of immediate release dosage forms and it does
not mimic the GI tract environment. The solubility
behavior of lornoxicam was studied in different
biorelevant media and the results of which have been
shown in Table 2. These results revealed that sink
conditions were achieved in SIF.
Dissolution testing of lornoxicam bulk drug was carried
out in 500 ml of different dissolution media at 50 rpm,
temperature 37±1° and samples were collected at 5,
10, 15, 20, 30 and 45 min time intervals. The amount
of drug dissolved was analyzed by the developed UV
method. The cumulative percent drug released was
plotted against time. The dissolution medium with
satisfactory drug release of lornoxicam was selected as
optimized dissolution medium. The dissolution study
results in different dissolution media for lornoxicam
bulk drug are given in figs. 2 and 3, which revealed
that the % cumulative drug release was as expected
in phosphate buffer pH 7.4 and in SIF. Based on the
results of saturation solubility studies and sink conditions
of lornoxicam in different dissolution media, final
optimized dissolution conditions were arrived at, which
included USP apparatus 2 at a paddle speed 50 rpm
and temperature 37±1° in 500 ml of SIF (pH 7.5) or
phosphate buffer pH 7.4 as dissolution media with
sampling time intervals of 5, 10, 15, 20, 30 upto
45 min. The optimized dissolution media mimics the
gastrointestinal environment conditions (biorelevant) and
pH is 7.5, within the range of GI tract pH levels. The
optimized dissolution conditions were applied to test
the in vitro dissolution of lornoxicam tablets, Lornoxi

Fig. 2: In vitro dissolution profile of lornoxicam in different buffers.
In vitro dissolution profile of lornoxicam (8 mg) in different buffers,
0.1 N HCl (
), pH 4.7 (
), pH 6.8 (
) and pH 7.4 (
).
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4, Lornoxi 8, Lorsaid 4 and Lorsaid 8. The results as
shown in fig. 4 revealed that more than 90% of drug
was released from all tablet formulations within 45 min.
Discriminatory power of the dissolution method was
determined by manufacturing the tablets (n=12) under
TABLE 1: SATURATION SOLUBILITY AND SINK
CONDITIONS OF LORNOXICAM IN DIFFERENT
DISSOLUTION MEDIA
Type of media
Water
0.1N HCl
Acetate buffer (pH‑2.8)
Acetate buffer (pH‑3.7)
Acetate buffer (pH‑4.7)
Phosphate buffer (pH‑5.8)
Phosphate buffer (pH‑6.8)
Phosphate buffer (pH‑7.4)

Solubility (mg/ml)

Sink conditions

*mean±SD

(CS/CD)

0.163±0.006
0.003±0.0001
0.014±0.0002
0.005±0.0001
0.002±0.0006
0.005±0.0008
0.047±0.0002
0.172±0.002

10.187
0.187
0.875
0.312
0.125
0.312
2.937
10.75

*Mean of three replications; CS indicates saturation solubility of lornoxicam in
500 ml of dissolution media; CD maximum (8 mg) dose of lornoxicam in tablet
formulations

TABLE 2: SATURATION SOLUBILITY AND SINK
CONDITIONS OF LORNOXICAM IN DIFFERENT
BIORELEVANT DISSOLUTION MEDIA
Type of Bio ‑relevant
media
SGF
SGF+0.25% SLS
SGF+Triton X‑100 (0.1%v/v)
SIF
FaSSIF
FeSSIF

Solubility (mg/ml)

Sink conditions

*mean±SD

(CS/CD)

0.005±0.0002
0.085±0.002
0.008±0.004
0.376±0.020
0.057±0.0002
0.006±0.0005

0.312
5.312
0.500
23.500
3.562
0.375

*Mean of three replications; CS indicates saturation solubility of lornoxicam in
500 ml of biorelevant dissolution media; CD maximum (8 mg) dose of lornoxicam
in tablet formulations. SGF is simulated gastric fluid. SLS is sodium lauryl
sulphate, SIF is simulated intestinal fluid, FaSSIF is fasted state simulated
intestinal fluid and FeSSIF is fed state simulated intestinal fluid

Fig. 3: In vitro dissolution profile of lornoxicam in different
biorelevant media.
In vitro dissolution profile of lornoxicam (8 mg) in different
biorelevant media, SGF (
), SIF (
), FeSSIF (
) and FeSSIF
(
).
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different conditions and checking the dissolution
behavior in the presence of proposed dissolution
test conditions. The dissolution study results for the
effect of tablet hardness (4 kg/cm2 vs. 8 kg/cm2) and
disintegrant (with disintegrant vs. without disintegrant)
are shown in figs. 5 and 6, which revealed that
dissolution rate of both drugs was slightly faster for
tablets with lesser hardness and with disintegrant.

a

Therefore, this dissolution method has the ability
to discriminate certain changes in composition
and manufacturing process. The dissolution profile
data was also compared mathematically using the
similarity fit factor (f 2). Table 3, listed out the f 2
values used for comparison of the dissolution profiles
for each of the process parameters evaluated. Based
on the results of similarity factor values, SIF media

b

Fig. 4: In vitro dissolution profile of lornoxicam tablets in dissolution media.
In vitro dissolution profile of lornoxicam tablets, Lornoxi 4 mg (
), Lornoxi 8 mg (
(a) dissolution medias SIF and (b) Phosphate buffer, pH 7.4.

a

), Lorsaid 4 mg (

) and Lorsaid 8 mg (

) in

b

Fig. 5: In vitro dissolution profile of lornoxicam tablet formulation in phosphate buffer pH 7.4 and SIF.
In vitro dissolution profile of lornoxicam self- punched tablets in (a) phosphate buffer pH 7.4 and (b) SIF, both media with disintegrant
(
) and without disintegrant (
).

a

b

Fig. 6: In vitro dissolution profile of lornoxicam tablets in phosphate buffer, pH 7.4 and SIF.
In vitro dissolution profile of lornoxicam self-punched tablets in (a) phosphate buffer pH 7.4 and (b) SIF with variation in hardness
4 kg/cm2 (
) and 8 kg/cm2 (
).
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has more discriminating power for variation in
composition difference and manufacturing process
of lornoxicam self punched tablets than phosphate
buffer, pH 7.4. So, finally SIF media was considered
as discriminating and biorelevant dissolution medium
for lornoxicam tablets and the dissolution method was
validated in SIF media.
The UV spectrum of placebo and lornoxicam in the
dissolution medium is shown in fig. 7. A perusal to
figure indicated that there is no interference from
the excipients in the tablets and dissolution medium
with UV absorbance of lornoxicam at their respective
analytical wavelengths. Therefore, the proposed
method is specific.
The linearity was evaluated by the least
square regression method. The responses for
lornoxicam at 376 nm were found to be linear
in the concentration range of 2-22 µg/ml, with
a correlation co-efficient (r) value of 0.997. The
results indicate a good linear relationship between
UV absorbance and concentration. Linearity spectra
are shown in fig. 8.
The % relative standard deviation values for
intra- and inter-day precision studies were found to
be less than 2 (Table 4) and no significant difference
was observed between intraday and interday values,
which indicate that the proposed dissolution method
was reproducible and precise. The accuracy states the
agreement between the standard value and observed
value. The accuracy results of proposed dissolution
method were reported in Table 5, % recovery was

Fig. 7: UV Spectra of placebo, dissolution media and lornoxicam.
UV Spectra of A. placebo, B. simulated intestinal fluid (SIF)
dissolution media and C. lornoxicam.
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found from 93.75-95.83% and % relative standard
values were less than 2; signify that the dissolution
method is accurate for its intended use.
The robustness was examined against small but
deliberate variations of critical parameters, including
bath temperature, pH of the dissolution medium
and paddle rotation speed. The robustness results
of proposed dissolution method were reported in
figs. 9 and 10, revealed that no significant differences
TABLE 3: SIMILARITY FACTOR (f2) FOR DISSOLUTION
PROFILES OF TABLETS WITH DIFFERENT PARAMETERS
Media

Process parameter
Tablets with
Tablets containing
hardness of
disintegrant vs no
4 kg/cm2 vs 8 kg/cm2
disintegrant
Phosphate buffer pH 7.4
69.431
78.17
SIF
46.10
51.35

TABLE 4: PRECISION DATA FOR THE PROPOSED
DISSOLUTION METHOD
Formulation
Lornoxi 4
Lornoxi 8
Lorsaid 4
Lorsaid 8

Intra‑day precision
mean±SD (n=6)* % RSD
100.60±0.421
0.418
95.78±1.273
1.273
100.47±1.973
1.973
94.62±1.185
1.252

Inter‑day precision
mean±SD (n=6) % RSD
100.02±0.625
0.624
94.54±0.542
0.573
100.48±1.256
1.252
95.45±1.092
1.144

*Number of six replications; RSD is relative standard deviation

TABLE 5: ACCURACY DATA FOR THE PROPOSED
DISSOLUTION METHOD
Analyte

% Level of
Amount (mg)
% Recovery % RSD
recovery Added Recovered
Lornoxicam
80
3.2
3.0
93.75
0.94
100
4
3.8
95.00
1.25
120
4.8
4.6
95.83
1.02

Fig. 8: Linearity spectra of lornoxicam.
Linearity spectra of lornoxicam in the concentration range of
2-22 µg/ml.
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a

b

c

a

b

c

Fig. 9: In vitro dissolution profile of Lornoxi 8 and Lorsaid 8 tablets.
In vitro dissolution profile of Lornoxi 8 (above panel) and Lorsaid 8 (below panel) tablets under varying conditions such as (a) bath
temperature 35º (
), 37º (
), 39º (
), (b) paddle rotation speed, 48 (
), 50 (
), 52 (
) and (c) pH 7.3 (
), 7.5 (
), 7.7 (
)
demonstrating robustness of the method.

were found among the amounts of drug dissolved
at the predetermined time points under the different
temperatures, rpm and pH with respect to those
corresponding to the optimal dissolution conditions,
confirming the robustness of test at ±2 level. The
optimized conditions proved to be robust with regards
to temperature, paddle rotation speed and pH of the
dissolution medium.
Lornoxicam was found to be stable under
dissolution test conditions and the measured
absorbance of the initial time, 24 and 48 h were
similar. There was no evidence of degradation of the
drugs under dissolution test conditions, revealed that
solutions were stable for more than 48 h (Table 6).
The discriminating and biorelevant dissolution test
for quantification of lornoxicam tablets has been
developed and validated. Based on strategy of
saturation solubility studies, sink conditions, stability
evidence and discriminating power of dissolution
318

TABLE 6: DATA FOR STABILITY OF DISSOLUTION SAMPLES
Analyte
Lornixicam

Initial time
98.00

% Recovery
After 24 h
98.46

After 48 h
99.05

media; the best conditions optimized for dissolution
testing for lornoxicam tablets were: 500 ml of SIF
without enzyme, paddle type apparatus, stirring speed
is 50 rpm, at a temperature of 37±10 and collection
time of 45 min. The proposed dissolution test was
applied to study the in vitro dissolution profiles
of lornoxicam tablet formulations, demonstrated
that the drug release was more than 90% from all
formulations within 45 min. The proposed dissolution
method was validated and results proved that the
method is scientifically sound with selectivity,
linearity, precise, accurate and robustness. The
dissolution studies of lornoxicam tablets in proposed
dissolution medium was found to better, because
of its discriminating power and surrogate the GIT
environment (biorelevant). These advantages promote
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a

b

a

c

c

b

Fig. 10: In vitro dissolution profile of Lornoxi 4 and Lorsaid 4 tablets.
In vitro dissolution profile of Lornoxi 4 (above panel) and Lorsaid 4 (below panel) tablets under varying conditions such as (a) bath temperature
35º (
), 37º (
), 39º (
); (b) paddle rotation speed 48 (
), 50 (
), 52 (
) ; (c) pH 7.3 (
), 7.5 (
), 7.7 (
) demonstrating
robustness of the method.

that; the developed dissolution method can be
routinely employed in quality control analysis of
lornoxicam in tablet dosage forms since a dissolution
test not indicated in any official monograph and it
may help to pharmaceutical researchers.
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