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ABSTRACT

Background and Aim: Tablets containing celecoxib and tramadol hydrochloride that are sold
under the brand name Seglentis® have given approval by the “Food and Drug Administration”
(FDA) for the treatment of adults suffering from acute pain. Simultaneous assessment of
celecoxib and tramadol hydrochloride in synthetic mixture was performed by five new
UV-spectrophotometric approaches. Materials and Methods: The quantification of proposed
medication was performed using the simultaneous equation approach by measuring
absorbance at 217.2 and 272.4 nm. The second approach, known as the dual wavelength
method, relies on computing the absorbance difference at two different wavelengths where
the other drug has same absorbance. The first derivative zero crossing approach relied on
the conversion of UV-spectra into first derivative spectra and subsequently measuring the
amplitude at 272.4 and 229.6 nm for celecoxib and tramadol hydrochloride, respectively. The
ratio difference approach was used to measure the variation in the amplitudes of ratio spectra,
and the regression equation was employed to determine the amounts of pharmaceuticals. In first
derivative ratio spectra approach, the UV-spectra were transformed into their ratio spectra and
first derivatives, and the first-derivative signal was gauged at 236.4 and 229.8 nm for celecoxib
and tramadol hydrochloride, sequentially. Results and Discussion: All the parameters were
evaluated during validation of the new methods in accordance with ICH guidelines. For both
medicines, a linear response was observed in all five methods over the concentration series of
1-18 pg/mL. Method validation parameters were found to be within the permitted limits set
forth by the ICH. Conclusion: Assay results were compared using Repeated Measures ANOVA,
IBM SPSS, version 20.0. The findings of the statistical analysis demonstrated that none of the
projected methods differed significantly from others. Thus, the anticipated approaches have the
potential to be productively utilized for the simultaneous evaluation of celecoxib and tramadol
hydrochloride in a combination mixture.

Keywords: Celecoxib, Tramadol hydrochloride, Simultaneous equation, Dual wavelength, First

derivative zero crossing, Ratio difference and the First derivative of ratio spectra spectroscopic
methods, Binary mixture.
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Patients generally require many medications to attain satisfactory
pain relief, despite the fact that pain is the leading reason for
frequent medical attention.'! Research shows that many people
experiencing severe pain may not receive the level of analgesia
they require."* Multimodal analgesia, which involves the use
of numerous classes of pain-relieving medicines with distinct
mechanism of action, is one approach to address this unmet
medical need with the ultimate goal of enhancing patient-reported
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outcomes.” When two or more dissociable constituents create a
crystal lattice, the result is called a co-crystal. With their unusual
molecular architectures, co-crystals containing multiple APIs
presentan exciting new direction in the field of poly pharmacology.
API-API co-crystals exhibit improved physicochemical properties
compared to their individual pharmaceutical components due
to the presence of weak intermolecular interactions among
the drugs within the crystal lattice. This characteristic has the
potential to result in clinical advantages. These may be observable
as improved solubility or dissolving properties, which, in turn,
may result in improved Pharmacokinetics (PK) in comparison
with open or standard Fixed Dose Combinations (FDCs).® In
addition, the preparation procedures for co-crystals are not
nearly as complicated as those for FDCs, and they do not share
a significant portion of the formulation challenges that FDCs
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are known to have.” The Food and Drug Administration (FDA)
has given its approval for the use of Seglentis® tablets in the
treatment of individuals who are experiencing acute pain that is
severe enough to call for the use of an opioid analgesic and for
which alternative treatments are insufficient. Tablets of Seglentis®
[Celecoxib (CXB) and Tramadol Hydrochloride (TMD)] contain
a co-crystal with a molecular weight of 681.2. This co-crystal
is made up of TMD, which is an opioid agonist and analgesic,
and CXB, which is a nonsteroidal anti-inflammatory drug, in a
molecular ratio of 1:1. TMD is chemically known as (1RS,2RS)-
2-[(dimethylamino)methyl]-1-(3methoxyphenyl) cyclohexanol
hydrochloride. TMD is a synthetic opioid that is not produced
from opioids. It is an analgesic that acts on the central nervous
system, but it may also act, at least in part, by binding to opioid mu
receptors and inducing suppression of ascending pain pathways.
CXB is a diaryl-substituted pyrazole and has the chemical name
4-[5-(4-methylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl]
benzenesulfonamide. Because CXB inhibits Cyclooxygenase
(COX)-2 but has no effect on cyclooxygenase 1 (at therapeutic
dosages), the production of prostaglandins is reduced.®® Chemical
construction of both the analytes are given in Figure 1.

A study of the relevant literature revealed a plethora of analytical
methods for the evaluation of CXB and TMD both on their
own and in combination dosage forms with other medications.
These methodologies include UV  Spectrophotometry,
HPLC,>7% HPTLC,'®* and LC-MS/MS.* On the other
hand, the simultaneous measurement of CXB and TMD in the
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binary combination has not been reported by any analytical
methods until this point. This study is the foremost to discuss the
development and validation of five straightforward, replicable,
responsive, cost-effective, and accurate UV-spectroscopic
methodologies for quantifying CXB and TMD in a binary
combination. As a result, this paper is the first of its kind. The
proposed methods have many benefits, some of which are as
follows: they have a broad concentration range while maintaining
a high level of sensitivity; they have been validated in accordance
with the recommendations made by ICH and they provide a
relatively simple method for preparing standards and samples.
Analytical methodologies that make use of UV-spectroscopy
are regarded as being straightforward, speedy, and economical
methods for evaluating the quality of medications that are
utilized on a consistent basis. However, the most significant
disadvantage of direct UV-spectroscopic techniques are the effect
of multicomponent formulations as well as formulation additives.
As a consequence of this, besides simultaneous equation method,
derivative and ratio derivative UV-spectroscopic methodologies
were also developed in order to circumvent these effects.* These
methodologies were determined to be apt for the simultaneous

evaluation of CXB and TMD without any observed interference.
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MATERIALS AND METHODS

Chemicals and Reagents

Reference standard of CXB and TMD were generously provided
by Dalton PharmaChem (Vadodara, Gujarat, India) and Supriya
Lifescience Ltd. (Mumbai, Maharashtra, India), respectively. All
of the AR grade solvents, chemicals, and excipients (specificity
study) were ordered from Loba Chemie Pvt. Ltd., Mumbai, India.

Instruments

For the experiment, a Shimadzu UV-visible spectrophotometer
(double beam) with a matched quartz cell having 1 cm path length
(UV-1800, UV Probe, Shimadzu Corporation, Kyoto Japan) was
utilized. Weighing was carried out using the Ohaus Corporation's
Adventurer Pro AVG264C electronic balance.

Preparation of Standard Solution

Both CXB and TMD (10 mg each) were weighed accurately and
shifted to separate 10 mL volumetric flasks for stock solution
preparation. Methanol was used to dilute standard medicines
to 10 mL to attain a concentration of 1000 pg/mL. To achieve
the desired concentration, further dilutions in methanol were
performed.

Preparation of Synthetic mixture

The synthetic mixture of CXB and TMD was formulated in 56:44
w/w proportion. Excipients such as sodium lauryl sulphate 15 mg,
crospovidone 15 mg, mannitol 6 mg, sodium stearyl fumarate 3
mg, talc 3 mg, cellulose microcrystalline 178 mg and copovidone
15 mg have been accurately measured; kept into a mortar, and
mixed with pure CXB and TMD medicines. (Above mentioned
calculation is for synthetic mixture generated in a lab that is
equivalent to one tablet).®>*

Reference stock solutions of CXB and TMD Mixture

In a sequence of 10 volumetric flasks, CXB and TMD standard
solutions were blended together to produce mixture of desired
concentrations and the volume was brought up to the level with
methanol. With methanol, additional dilutions were carried out
in order to acquire the necessary concentration.

OCH,@
HoN< 2 .
//S\©\ .HCI
2 NTS HO ) CHs
N= H’ /
F CH2—N\
F' g CHj;

Celecoxib Tramadol hydrochloride

Figure 1: Chemical constructions of CXB and TMD.
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Preparation of sample solution

Equivalent amounts of a synthetic mixture made in a lab (CXB: 14
mg; TMD: 11 mg) was weighed and placed in a 100 mL standard
flask. 50 mL of methanol was added to this standard flask and
agitated for 10 min. The volume was filled up to 100 mL using
methanol and then filtered by means of Whatman filter paper
no. 41. 1 mL of the aforementioned solution was transferred to
a 10 mL volumetric bottle, and the volume was adjusted with
methanol. Then, 1 mL of the resulting solution was transferred to
a 10 mL volumetric bottle, and methanol was added to reach the
desired concentration (CXB: 14 ug/mL; TMD: 11 pug/mL).

Procedure
Simultaneous Equation Method (SEM)

In order to estimate CXB and TMD in a binary mixture, the
simultaneous equation method was used. All of the standard
analytes in this investigation had their UV-spectra recorded
between 200 and 400 nm. The estimation of the anticipated
analytes in the synthetic mixture required choosing a suitable
wavelength from the overlapping UV-spectra. Significant
absorbance was seen at 217.2 and 272.4 nm in the combined
zero-order spectra of CXB and TMD (Figure 2). As a next step,
we computed the absorptivity of analytes. The below mentioned
formulas were used to calculate how much drugs were present in
the synthetic mixture.

4, a,, — Ala;-z

Cx =
ax} a_'l.'l _a_x'l aJ'E
Al a,, — Az a,
Cy =
a.x‘l! a_'l.'l _axl a_l'}

In the above equation, Cx and Cy are the amount of CXB and
TMD, consecutively in the sample solutions.

Al and A2 are the absorbances of the sample at 217.2 and 272.4
nm. ax1 (643.29) and ax2 (346.87) are the absorptivity of CXB at
217.2.and 272.4 nm, sequentially. ay1 (366.90) and ay2 (101.58) are
the absorptivity of TMD at 217.2 and 272.4 nm, sequentially.'**¢

Dual Wavelength Method (DW)

The DW method is established on the idea that "the variation in
absorbance between two positions on the mixture spectrum is
directly proportional to the concentration of the factor of interest.”
Therequirement for the DW approach is selecting two wavelengths
at which the intrusive component exhibits the same absorbance
and the analyte of interest exhibits a substantial dissimilarity in
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absorbance with concentration. The overlain spectrum of CXB
and TMD proposed that a DW spectrophotometric method
is suitable for simultaneous assessment of CXB and TMD. The
wavelengths, 270.2 and 278.2 nm were utilized for the estimation
of CXB, where the absorbance difference was zero for TMD.
The wavelengths 228 and 260 nm were chosen for TMD, where
the absorbance difference was zero for CXB. Then, calibration
graphs for CXB and TMD in the concentration series of 1-18 ug/
mL were plotted. Outcomes were subjected to regression study
using the technique of least squares to set up slope, intercept, and
correlation coeflicient values.'***

1¢t Derivative Zero Crossing Method ('DR)

For the assessment of CXB and TMD by First derivative (Zero
Crossing) Method, the stored UV-spectra of both the analytes
were converted into their respective first derivative spectra.
Then the zero crossing points of CXB and TMD were traced at
229.6 and 272.4 nm, sequentially utilizing 2 nm as wavelength
interval (A\N) and 1 as scaling factor. With the help of traced zero
crossing points of both the analytes, estimation was performed at
272.4 and 229.6 nm for CXB and TMD, correspondingly. Further
calibration curve was put up utilizing the amplitudes of first
derivative spectra and concentration of analytes. Outcomes were
subjected to regression study using the technique of least squares
to set up slope, intercept, and correlation coefficient values.”*

Ratio Difference Spectroscopic Method (RD)

In the RD approach, the formerly scanned absorption spectrum
of the mixture (CXB and TMD: 1-18 pg/mL) was divided by the
spectrum of 9 pg/mL of TMD and 3 pg/mL CXB individually
to achieve the ratio spectra of CXB and TMD, sequentially. The
resulting ratio spectra were traced. Calibration curve was put up
for CXB by making use of amplitude difference of attained ratio
spectra at 241 and 257 nm; for TMD, amplitude difference of
attained ratio spectra at 220 and 237 nm against concentrations
were plotted and the regression equations were computed.'>-

First Derivative of Ratio Spectra Method (DR")

In the DR' approach, the formerly scanned absorption spectrum
of the mixture (CXB and TMD: 1-18 pg/mL) was divided by the
spectrum of 9 ug/mL of TMD and 3 pg/mL CXB individually to
achieve the ratio spectra of CXB and TMD, sequentially. The first
derivative ratio spectra were then documented. Using the first
derivative signal at 236.4 nm, the quantity of CXB was calculated.
For TMD at 229.8 nm, a similar technique was utilized. The first
derivative signal's amplitudes were plotted against their respective
concentrations, and regression equations were produced.'>#34¢

Analysis of sample solution

The procedure for making and diluting the sample solution was
described earlier. Standard absorbivities and absorbances of test
solutions at their corresponding wavelengths were used to solve
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a simultaneous equation to determine the amount of analyte
for SEM. Absorbance was measured using the dual wavelength
method, and analyte concentrations were calculated with
regression equations. Whereas peak amplitude was recorded and
analytes were quantified using regression equations in the other
three procedures (DR, RD, DR').

Validation of Spectroscopic Approaches

The established methodologies were validated as given in
the recommendations of the “International Conference on

Harmonization 212,37,38,42,47-49

Specificity

A specificity study was performed to examine the interaction
between tablet formulation excipients and drug ingredients. All
tablet excipients (according to the commercial formulation) were
mixed ratio wise, diluted with methanol, and passed through
a whatman filter paper no 41. Later scanning of placebo and
reference solutions were performed and analyzed in the UV area
to determine the interference between excipients and medicines.

Linearity and Range

Analysis of all the standard solutions consisting of CXB
and TMD (1, 3, 6, 9, 12, 15 and 18 pg/mL) in methanol was
performed separately, for assessing the linearity and range of all
five approaches. For SEM, absorbance was measured at 217.2
and 272.4 nm, whereas the DW method used 270.2 and 278.2
nm for CXB; 228 and 260 nm for TMD. For 'DR, amplitude was
measured at 272.4 and 229.6 nm for CXB and TMD, sequentially.
Differences in amplitude were measured at 241 and 257 nm
for CXB, 220 and 237 nm for TMD in RD method. However,
DR! method utilized 236.4 and 229.8 nm for CXB and TMD,
respectively. Using absorbance versus concentration in SEM and
DW approach, amplitude difference versus concentration in RD
and amplitude of first derivative spectra versus concentration
in 'DR and DR' method, calibration graphs were created. Using
the least-squares method, the slope, intercept, and correlation
coefficient for CXB and TMD at their respective wavelengths
were calculated for regression analysis.

Precision

Repeatability and intermediate precision (intra and inter-day,
respectively) were measured and represented as percentage
RSD for the acquired data so as to evaluate the precision of the
procedures. Repeatability of measurement was performed at two
concentration level (CXB and TMD: 6 and 12 pg/mL) 6 times for
both medicines and computing the % RSD of the response. Inside
the linearity range, intra and inter-day precision experiments
were conducted at two distinct concentration levels (CXB and
TMD: 6 and 12 pug/mL) for both medicines 3 times on the same
day and on three different days, correspondingly, and the percent
RSD of response was estimated.
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Accuracy

To make sure the applicability and dependability of the proposed
procedures, recovery analysis was conducted by standard addition
technique. To a pre-examined test solution (CXB: 7 and TMD: 5.5
pg/mL), known concentrations of reference CXB and TMD were
supplemented at the 50, 100, and 150% level, and the obtained
solutions were re-examined using the proposed procedures
and the percent recoveries were computed. Using the following
formula, accuracy of the proposed approaches were evaluated on
the basis of proportion of standard CXB and TMD recuperated
from the formulation.
% Recovery = (Quantity of analyte found after adding standard drug

— Quantity of analyte adding before addition of standard drug)
/(Quantity of standard analyte added) x 100

LOD and LOQ

For determining the sensitivity of the anticipated approaches
in terms of LOD and LOQ in accordance with ICH
recommendations, the limit of detection and limit of
quantification of CXB and TMD were computed with the help of
the below mentioned equation.

LOD =3.3 XJ
= 3. S

LOO = 10 x =
Q= S

Where ¢ = The SD of the response, S = The slope of the linear
graph.

Stability of the Solution

By storing the solutions at room and refrigerated temperature
and assessing them at regular time periods, the stability of the
solutions was determined by monitoring any differences in
absorbance/amplitude and spectral pattern as compared to newly
created solutions.

Statistical comparison by Repeated Measures
ANOVA

Comparison of assay results with the help of Repeated Measures
ANOVA, IBM SPSS, version 20.0. was done.

RESULTS AND DISCUSSION

It is expected that the proposed spectrophotometric methods

would find widespread application in quality control
departments, where both affordability and rapid evaluation are
paramount. Regular research of pharmaceutical preparation
often employs UV-spectroscopic methods due to their
simplicity, speed, low cost, and reproducible results. These

spectrophotometric methods are superior to other analytical
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methods and have many benefits. It is challenging to analyze all
analytes in a multi-component formulation whose UV-spectra
overlap without first separating them. To analyze CXB and TMD
simultaneously in binary mixtures with overlapping spectra, this
work proposes a straightforward and cost-effective method.

Simultaneous Equation Method (SEM)

This method was developed and demonstrated to be sensitive and
selective enough for the detection of CXB and TMD in a synthetic
combination. Absorption maxima were seen at 217.2 and 272.4
nm in the zero-order UV-spectra of CXB and TMD, respectively.
As can be seen in Figure 2, there is spectral overlap between the
UV-spectra of CXB and TMD, which makes it possible to estimate
both components of the binary combination at the same time. A
simultaneous equation was used to assess the total drug content
of the formulation. Where Al and A2 are the absorbances of the
sample at 217.2 and 272.4 nm. ax1 (643.29) and ax2 (346.87) are
the absorptivity of CXB at 217.2 and 272.4 nm, sequentially. ayl
(366.90) and ay2 (101.58) are the absorptivity of TMD at 217.2
and 272.4 nm, sequentially. Table 2 displays the results of the
method validation parameters.

Dual Wavelength Method (DW)

The third technique evaluated CXB at wavelengths of 270.2 and
278.2 nm, where the absorbance difference for TMD was zero.
The selected wavelengths for TMD were 228 and 260 nm, where
the absorbance difference for CXB was zero (Figure 2). Then,
calibration curves for CXB and TMD in the concentration series
of 1-18 pg/mL were plotted. Results were put through regression
analysis with the help of technique of least squares to establish
slope, intercept, and correlation coefficient values.

Derivatization of UV-spectra

It is widely recognized that derivatization of UV-spectra increases
the specificity and selectivity of pharmaceuticals in marketed
preparation by enhancing the resolution of spectra. Additionally,
derivatization eliminates the excipient effects and permits the
computation of one analyte in the presence of another analyte.
To obtain the ratio spectra, which are free of divisor analyte and
excipient interferences, the mixture spectra are divided using one
of the analyte spectra. When divided by an optimal spectrum,
interferences and errors in the research are reduced. The ratio
spectra method also boasts improved precision, sensitivity, and
specificity because measurements are made in proportion to
the peaks. Ratio spectroscopic methods were created as a result,
and they produce superior results than other spectroscopic
approaches.

1°t Derivative Zero Crossing Method ('DR)

Zero order UV-spectra of the analytes (CXB and TMD) were
converted into their corresponding first derivative spectra and
subsequently, first derivative signal at 272.4 and 229.6 nm was
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traced sequentially using 2 nm as wavelength interval (A\) and
1 as scaling factor. The 1% derivative UV-spectra of CXB and
TMD which exhibit overlapping of spectra, zero-crossing point
and detection wavelength has displayed in Figure 3, which
enables simultaneous assessment of CXB and TMD in the binary
admixture. The quantity of drugs exist in the formulation was
computed by means of regression formula.

Optimization of divisor and scaling factor for first
derivative of ratio spectra

Numerous instrumental variable settings were adjusted in
order to attain the optimal curve for the first derivative of ratio
spectra. The most crucial of these were scaling factor and divisor
optimization. Different CXB and TMD concentrations were
attempted in order to choose a divisor of the right concentration.
The final divisor for the RD and DR! method of quantifying CXB

o
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2782nm | | !
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Figure 2: Overlain UV spectra of CXB and TMD (12 pg/mL) (A); Overlain UV
spectra of CXB and MTD showing wavelengths of CXB at 270.2 and 278.2 nm,
where the absorbance difference for TMD is zero and TMD at 228 and 260 nm,

where the absorbance difference for CXB is zero (B).
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Detection of CXB
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+—— 229.6nm

20208 25000 20000 288

Figure 3: Overlain 1 derivative UV spectra of CXB and TMD (1-18 pg/mL)
showing zero crossing points and detection wavelengths.
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Figure 4: Overlain ratio spectra of CXB utilizing 9 ug/mL TMD as divisor (A);
Overlain ratio spectra of TMD utilizing 3 ug/mL CXB as divisor (B).

and TMD in their binary mixture was 9 ug/mL TMD and 3 pg/
mL CXB. The first derivative of the ratio spectra was also attained
by fixing the scaling factor at one, which was found to be optimal.
The optimal wavelength for the first derivative spectra was tested
at 2, 4, 8, and 10 nm. Based on the findings, a wavelength of 4 nm
was selected and implemented using a scaling factor of 1.

Ratio Difference Spectroscopic Method (RD)

The wavelengths chosen for this procedure were 241 and 257 nm
for determining CXB, whereas 220 and 237 nm for determining
TMD. The amplitude difference at the given wavelength was then
calculated for both CXB and TMD. The concentration of CXB
was estimated utilizing the linear regression equation derived
by graphing the difference between the amplitude values at 241
and 257 nm (AP,, ,_) of the ratio spectra presented in Figure
4 against their respective concentrations. The concentration
of TMD was computed by means of linear regression equation
achieved by graphing the difference in amplitude values at 220
and 237 nm (AP,, . ) of the ratio spectra displayed in Figure 4
against their respective concentrations.

1°t Derivative of Ratio Spectra Method (DR’)

CXB was successfully determined using this method by dividing
the spectra of mixed standard solutions by 9 pg/mL of TMD.
Using 1 as a scaling factor and 4 as AA, the resultant ratio spectra
were transformed to their first-order spectra. Using the first
derivative signal at 236.4 nm, the quantity of CXB was calculated.
For TMD, a similar technique was utilized, with 3 pg/mL CXB
serving as the divisor, 1 as the scaling factor, and 4 as A\. The TMD
concentration was then calculated by detecting the first derivative
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Figure 5: Overlain 1 derivative ratio spectra of CXB utilizing 9 ug/mL TMD as
divisor (A) and Overlain ratio spectra of TMD utilizing 3 pg/mL CXB as divisor
(B) at AN=4.

signal at 229.8 nm. The first derivative signal's amplitudes were
plotted against their respective concentrations, and regression
equations were produced. Within the concentration series of
1-18 pg/mL, a linear relationship between CXB and TMD was
observed. Figure 5 depicts the overlaying first derivatives of the
ratio spectra of CXB and TMD.

Method Validation

All of the proposed methods were evaluated based on the
“International Conference on Harmonization" criteria for
reliability. The subsequent part talks about the results of different

validation parameters.

Specificity

It was confirmed that there was no interaction between excipients
and standard pharmaceuticals by looking at the overlapping
spectra of drug solutions and placebos. A placebo is a mixture of
common excipients that are used in the marketed formulation.
This information was presented in the preceding section.

Linearity and Range

In order to evaluate linear correlation and range, absorbance was
measured at predetermined wavelengths for the SEM and DW
approaches, the amplitude difference of ratio spectra for the RD
approach, and the amplitude of first derivative spectra for the
'DR and DR' method. Linear correlation was noticed for both
the analytes between 1-18 pg/mL for all five methods. Using
the least-squares method, the slope, intercept, and correlation
coefficient for CXB and TMD at their respective wavelengths were
calculated for regression analysis. The value of the correlation
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Table 1: Summary of linear regression and method validation data for the projected approaches.

SEM DW DR RD
Parameters
CXB TMD CXB TMD CXB TMD CXB TMD CXB
Wavelengths 272.4 217.2  270.2-278.2 228-260 2724 229.6 241-257  220-237 236.4
(nm)
Linearity range 1-18
(ug/mL)
Correlation 0.9998 0.9991 0.9995 0.9997 0.9996 0.9999 0.9996 0.9999 0.9997
coefficient
Regression y= y= y=0.0146x y= y= y= y= y= y=
equation: 0.0346x 0.036x - 0.0003 0.0185x  0.0019x  0.0034x 8.7692x  0.1925x  0.9647x
-0.0006 + -0.0003 +0.0001 +0.0003 -0.5852 +0.0179 -0.051
0.0028
LOD (ug/mL) 0.2133 0.0504 0.1172 0.1383 0.2375 0.1650 0.0726 0.1318 0.0588
LOQ (pg/mL) 0.6465 0.1529 0.3551 0.4192 0.7198 0.4999 0.2201 0.3995 0.1781
Specificity No interferences
Precision
(% RSD)
Repeatability of
measurement
(n=6)* 0.6234 0.6886 1.7987 1.6630 1.7207 0.8012 1.6362 0.4320 0.7790
Intra-day (n=3)* 0.1314 1.0943 1.3679 1.5491 1.7538 0.6831 0.5977 0.9258 1.1008
Inter-day (n=3)* 0.1706 0.7630 1.6431 1.2209 1.4942 0.8671 0.9768 1.1498 0.7442
*n = number of estimations, % RSD (% Relative standard deviation).
Table 2: Recovery information of the projected approaches.
Recovery Recovery (%)* RSD (%)
Drugs O
Level (%) SEM DW DR RD DR! SEM DW DR RD
CXB 50 98.72+ 98.37 + 9840+ 98.05+ 9941+ 1.39 0.87 0.85 0.44
1.37 0.85 0.84 0.43 1.06
100 99.02+ 100.68+ 9820+ 9843+ 98.11+ 0.70 0.48 0.50 1.23
0.69 0.49 0.49 1.22 1.24
150 99.70+ 97.83 9938+ 97.80+ 97.89%+ 0.52 0.46 1.62 0.51
0.52 0.45 1.61 0.50 0.58
TMD 50 9820+ 98.04 + 9875+ 98.73+ 9836+ 0.67 0.37 0.45 0.48
0.66 0.35 0.44 0.53 0.91
100 98.12+ 10035+ 99.62+ 99.69+ 9945+ 0.50 0.93 1.10 0.98
0.49 0.93 1.09 0.97 0.93
150 98.69+ 98.99 + 9985+ 97.69+ 99.66+ 0.61 0.60 0.60 1.22
0.60 0.59 0.59 1.19 1.52

*Mean + SD (n = 3), SD (Standard deviation), % RSD (% Relative standard deviation).
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DR!
TMD
229.8

0.9998

Y =
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+0.0015
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DR!
1.07

1.27

0.60

0.93
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coefficient argues in favor of the linearity of every method that

EQ: § 5 has been established (Table 1). Each response reflected an average
of the results of six separate investigations.
D~ n
[a) — QO .
e - o Precision
9 Results of precision trials (repeatability, intra and inter-day
E 00: NE variation) expressed in % RSD meet ICH suggested limits (<2),
e - il confirming the outstanding repeatability and low intra and
= g2 inter-day variation of all the proposed methods (Table 1).
(a)] =)
Accuracy
= 32 The accurateness of the anticipated methodologies were
no oS -~ determined by calculating it on the basis of the retrieval of drugs
BN using the standard addition technique. The results of the recovery
9 T trials showed that all of the established techniques were accurate,
= E‘ & as they ranged from 96 to 102% for each drug (Table 2).
. a 23
¢ W | @ LOD and LOQ
S = @
8 79 The extent of responsiveness of the anticipated approaches were
§ " a - < demonstrated by extremely low values of LOD and LOQ for all
2 o6 N
;:‘: S o N five methods (Table 1).
g © oS n
£ 3| = ore .
5 § S = Stability of the Solution
(=2}
5 ; & § E The stability of the solution was tested in both room temperature
5 3 5 e | & and a cooled environment (6°C), and it was found to be unaffected
ﬁ 5 TN for up to two days in a room temperature and ten days in a chilled
s TS environment.
[ > n
s N N - .
E a X Determination of CXB and TMD in Binary Mixture
3
£ & & The anticipated methods were successfully utilized to evaluate
:-Z % E CXB and TMD. Six separate measurements were conducted to
8 E xR Tg‘ obtain a statistically reliable dataset, with results ranging from
5 & R E 97% to 102% for both the substances. Consequently, these
; ® 2 § established techniques can be used to simultaneously assess CXB
% & 8o 1:3 and TMD in combination (Table 3).
= 3 s
S N Statistical comparison by Repeated Measures
2 g < d :: ANOVA
o o o = Statistical methods were utilized to analyze the data obtained
z & ; g; (2 from the assays, aiming to determine the influence of the five
; - 8 proposed approaches. The statistical software IBM SPSS version
2 = 4 38 E 20.0 was employed to conduct a Repeated Measures ANOVA
E B B2 £ to compare the significance of the five distinct approaches. A
< 5 - . .
| e significance level of p<0.05 was established for all tests. According
E AR to Table 4, the Repeated Measures ANOVA demonstrated that
B & there was minimal variation among the developed methods.
T =)
9 < %2}
T3~ @ CONCLUSION
-‘% £ g’ % <« !
SIS —e » g Five distinct spectroscopic approaches, SEM, DW, 'DR, RD and
@ A b DR! were developed for the simultaneous assessment of CXB
2 E@ S § and TMD in combined synthetic mixture. All approaches were
e M = validated in accordance with ICH recommendations. It was
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Table 4: Statistical comparison of assay results utilizing Repeated Measures ANOVA.

Groups n Method Mean (% Assay) SD Mean Rank p value
CXB 6 SEM 99.17 0.983 3.920 0.429
6 DW 98.83 1.602 2.920
6 'DR 98.33 0.816 2.670
6 RD 98.17 1.329 2.420
6 DR! 98.67 0.816 3.080
TMD 6 SEM 99.00 1.265 3.750 0.061
6 DW 98.17 0.753 2.500
6 'DR 98.33 1.033 2.670
6 RD 97.50 1.049 2.000
6 DR! 99.67 1.366 4.080

n = 6 (Number of determinations); SD (Standard deviation), p value (significant if p <0.05).

confirmed that the proposed approaches are economical,
the
UV-spectrophotometric approaches developed need minimal

easy, sensitive, precise and accurate. In addition,
sample preparationand haveabroad concentration rangeand good
sensitivity. There is no statistically significant variation among the
five approaches. Therefore, all the described methodologies are
suitable for regular quality control examination of CXB and TMD

in binary mixture or tablet dosage form.
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and Drug Administration; ICH: International Conference on
Harmonization; SEM: Simultaneous Equation Method; DW:
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Method; RD: Ratio Difference Spectroscopic Method; DR': First
Derivative of Ratio Spectra Method.

SUMMARY

Seglentis® tablets containing Celecoxib (CXB) and Tramadol
Hydrochloride (TMD) have given approval by the Food and
Drug Administration (FDA) for the treatment of adults suffering
from acute pain. This paper proposes five quick, easy, accurate,
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and reproducible spectrophotometric procedures for assessing
binary mixtures simultaneously. The quantification of proposed
medications were performed using the simultaneous equation
approach by measuring absorbance at 217.2 and 272.4 nm.
The second approach, known as the dual wavelength method,
relies on computing the absorbance difference at two different
wavelengths where the other drug has same absorbance. The first
derivative zero crossing approach relied on the conversion of
UV-spectra into first derivative spectra, which was then followed
by the measurement of amplitude at 272.4 and 229.6 nm for CXB
and TMD, respectively. The ratio difference approach was used
to measure the difference in the amplitudes of ratio spectra, and
the regression equation was employed to determine the amounts
of pharmaceuticals. In first derivative ratio spectra method, the
UV-spectra were transformed into their ratio spectra and first
derivatives, and the first-derivative signal was gauged at 236.4 and
229.8 nm for CXB and TMD, sequentially. Both the medications
showed excellent linear correlation in the concentration
series of 1-18 pg/mL for all the approaches. The proposed
methodologies were validated according to ICH strategies and
showed good precision, accuracy, and sensitivity. Because they
do not require expensive solvents or specialised instruments,
the new spectrophotometric techniques are considered cheaper
than conventional analytical procedures. Thus, the proposed
approaches might be used to assess CXB and TMD in binary
mixture.
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