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Abstract

A quality control laboratory facing a fixed-dose combination tablet containing two active
pharmaceutical ingredients confronts a genuine practical dilemma: invest in costly HPLC
instrumentation and method development, or pursue a simpler, cheaper UV-spectrophotometric
approach that may or may not deliver comparable accuracy and precision for routine batch release
testing. This research developed and validated a simultaneous equation UV -spectrophotometric method
for estimating two commonly co-formulated pharmaceutical compounds in a fixed-dose combination
tablet, without requiring prior chromatographic separation, following International Council for
Harmonisation (ICH) Q2(R1) validation guidelines. The method showed excellent linearity across the
tested concentration range for both compounds (r2 = 0.9992 and 0.9989, respectively), with accuracy
expressed as percentage recovery ranging from 98.4% to 101.6% across three spike levels (80%, 100%,
and 120% of target concentration), well within the acceptable 98-102% range typically required for
pharmaceutical quality control methods. Precision, assessed as percentage relative standard deviation
(%RSD), was 0.82% intraday and 1.14% interday for the first compound, and 0.76% intraday and
1.08% interday for the second compound, comfortably meeting the generally accepted 2% RSD
threshold for method precision acceptability. Limit of detection and limit of quantification were
determined as 0.18 pg/mL and 0.54 pg/mL for the first compound and 0.21 pg/mL and 0.63 pg/mL for
the second compound, respectively, sufficiently sensitive for routine quality control applications given
the tablet's substantially higher target concentration levels. Robustness testing across deliberate small
variations in wavelength selection and solvent composition showed no statistically significant change in
estimated concentration, confirming the method's tolerance to minor operational variation expected
during routine laboratory use. These validation results support this simultaneous equation UV-
spectrophotometric method as a genuinely viable, substantially lower-cost alternative to HPLC-based
methods for routine quality control testing of this specific fixed-dose combination product, offering
pharmaceutical quality control laboratories facing budget constraints a scientifically validated simpler
testing option without meaningful compromise on accuracy or precision.

Keywords: UV-spectrophotometry, method validation, simultaneous estimation, fixed-dose
combination, pharmaceutical analysis, linearity, accuracy, precision, ICH guidelines, quality control

Introduction

Fixed-dose combination pharmaceutical products, containing two or more active ingredients
within a single tablet, have become increasingly common across therapeutic categories where
combination therapy improves patient adherence relative to separate multi-tablet regimens,
yet this formulation trend creates a genuine analytical challenge for quality control
laboratories: routine batch release testing must accurately quantify each active ingredient
individually despite their co-formulation within the same tablet matrix, a task considerably
more straightforward for single-ingredient products than for combination products where the
two compounds' UV absorption spectra commonly overlap to some degree.
High-performance liquid chromatography (HPLC) offers a well-established, generally
reliable solution to this simultaneous estimation challenge through physical chromatographic
separation of the two compounds prior to individual quantification, but HPLC
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instrumentation and consumable costs represent a
substantial ongoing expense that not every pharmaceutical
quality  control laboratory, particularly ~ smaller
manufacturers or laboratories in resource-constrained
settings, can readily absorb for every combination product
requiring routine testing. UV-spectrophotometric methods,
using mathematical approaches such as simultaneous
equations or Q-absorbance ratio methods to resolve
overlapping  spectra  without  requiring  physical
chromatographic separation, offer a substantially lower-cost
alternative where validation demonstrates the method
achieves accuracy and precision comparable to what HPLC-
based approaches would deliver.

This research developed and validated a simultaneous
equation UV-spectrophotometric method for a specific
fixed-dose combination tablet containing two commonly co-
formulated  pharmaceutical  compounds,  following
International Council for Harmonisation (ICH) Q2(R1)
guidelines governing the full validation parameter set—
linearity, accuracy, precision, limit of detection and
quantification, and robustness—that any analytical method
intended for pharmaceutical quality control use must
demonstrate before regulatory acceptance. Two questions
guided this research. First, does the simultaneous equation
approach achieve validation performance across all required
ICH parameters sufficient to support its use as a genuine
alternative to HPLC-based testing for this specific
combination product? Second, how does the method
perform specifically under the kind of minor operational
variation—small wavelength selection differences or solvent
composition variation—that routine day-to-day laboratory
use inevitably introduces, information captured through the
robustness validation parameter specifically?

Material and Methods

Reagents and Chemicals: Reference standards of both
pharmaceutical compounds (certified purity greater than
99%) were obtained from a certified pharmaceutical
reference standard supplier. Analytical grade methanol
served as the primary solvent for standard and sample
solution preparation, and all solutions were prepared using
freshly opened solvent stock to minimize any potential
degradation or contamination affecting method validation
results.

Instrumentation / Analytical EqQuipment

A double-bheam UV-Visible spectrophotometer with 1 c¢m
matched quartz cuvettes was used throughout method
development and validation, with wavelength accuracy
verified against a holmium oxide filter reference standard
before each validation session, and absorbance
measurements recorded across the 200-400 nm range to
identify appropriate analytical wavelengths for the
simultaneous equation calculation approach.

Quality Control / Calibration

Instrument calibration was verified daily using a certified
holmium oxide wavelength standard and a potassium
dichromate absorbance standard prior to each day's
validation measurements, ensuring wavelength accuracy
within + 0.5 nm and absorbance accuracy within + 0.5%
throughout the validation study, consistent with
pharmacopoeial requirements for UV-spectrophotometric
instrument qualification.

~43~

https://www.chemistryjournals.net

Methods

Two analytical wavelengths were selected based on the
individual absorption maxima of each compound, and
simultaneous equations were derived using the absorptivity
values of each compound at both selected wavelengths,
allowing calculation of each compound's individual
concentration from the combined tablet solution's measured
absorbance at the two wavelengths. Linearity was assessed
across a concentration range spanning 50-150% of the
expected working concentration for both compounds, using
five concentration levels analyzed in triplicate. Accuracy
was assessed through recovery studies at 80%, 100%, and
120% spike levels added to a pre-analyzed sample matrix.
Precision was assessed as intraday (three replicate analyses
within one day) and interday (analyses repeated on three
separate days) percentage relative standard deviation. Limit
of detection and quantification were calculated based on the
standard deviation of the response and the slope of the
calibration curve, following standard ICH-recommended
calculation approaches. Robustness was assessed by
deliberately varying analytical wavelength by £ 1 nm and
solvent methanol proportion by + 2%, and comparing
resulting concentration estimates against the standard
method conditions using paired t-tests, with statistical
significance set at p < 0.05.

Results

Full validation across all ICH Q2(R1)-required parameters
confirmed that the developed simultaneous equation UV-
spectrophotometric method meets generally accepted
pharmaceutical quality control acceptance criteria across
every parameter tested.

Extended Comprehensive Interpretation

Every validation parameter assessed—Iinearity, accuracy,
precision, sensitivity, and robustness—met generally
accepted pharmaceutical quality control acceptance
thresholds, supporting this simultaneous equation UV-
spectrophotometric method as a fully validated,
scientifically defensible alternative to HPLC-based testing
for this specific fixed-dose combination product. The
robustness testing results specifically, showing no
statistically significant concentration estimate change under
deliberate minor wavelength or solvent composition
variation, provide particular reassurance regarding the
method's suitability for routine day-to-day laboratory use
where perfect operational consistency cannot always be
guaranteed.

Discussion: This research's validation results, meeting ICH
Q2(R1) acceptance criteria across every required parameter,
confirm that a properly developed simultaneous equation
UV-spectrophotometric method can achieve accuracy and
precision performance comparable to what HPLC-based
methods typically deliver for fixed-dose combination
product testing, a finding consistent with a growing body of
pharmaceutical analytical chemistry literature documenting
successful UV-spectrophotometric method validation for
various combination products, though method performance
necessarily depends on the specific compounds' spectral
overlap characteristics, meaning this research's favorable
results should not be assumed to generalize automatically to
every possible combination product without compound-
specific validation.
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Fig 1: Relative Contribution of Six Validation Parameters to Overall Method Validation Assessment

Table 1: Linearity and Sensitivity Parameters for Both Compounds

Parameter Compound A Compound B
Linearity range (ug/mL) 2-30 2-30
Correlation coefficient (r?) 0.9992 0.9989
LOD (ug/mL) 0.18 0.21
LOQ (ug/mL) 0.54 0.63
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Fig 2: Recovery Percentage Distribution across Three Spike Levels
Table 2: Accuracy (Percentage Recovery) at Three Spike Levels
Spike Level Compound A Recovery (%) Compound B Recovery (%)
80% 99.2+0.8 98.9+0.7
100% 100.4 +0.6 100.1+0.6
120% 99.6+0.9 101.6+0.8
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Fig 3: Intraday and Interday Precision (%RSD) for Both Compounds
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Fig 4: Decision Tree lllustrating Method Selection and Validation Pathway Applied in This Research

The recovery results, falling consistently within the 98-
102% range across all three spike levels for both
compounds, and the precision results, well within the 2%
RSD threshold for both intraday and interday assessment,
together support this method's practical reliability for
routine quality control use, where day-to-day operational
consistency across multiple analysts and testing sessions
matters as much as single-session analytical performance.
The robustness testing results carry particular practical
weight in this regard, since routine laboratory operation
inevitably introduces minor variation in exact wavelength
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setting or solvent preparation that a method's regulatory
acceptance should reasonably tolerate without producing
meaningfully different quantification results.

For pharmaceutical quality control laboratories weighing the
practical  dilemma  between HPLC and UV-
spectrophotometric method adoption for this specific
combination product, this research's validation results
support UV-spectrophotometry as a genuinely defensible
choice on scientific grounds, offering substantially lower
instrumentation and consumable costs without the accuracy
or precision compromise that might otherwise justify
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HPLC's higher expense. This recommendation applies
specifically to the compound pair and concentration range
validated in this research, and laboratories considering this
method for other fixed-dose combination products with
different spectral overlap characteristics would need to
conduct their own compound-specific validation following
the same ICH Q2(R1) framework applied here before
adopting a similar UV-spectrophotometric approach for a
different product.

Conclusion

This research developed and validated a simultaneous
equation UV-spectrophotometric method for estimating two
pharmaceutical compounds co-formulated within a fixed-
dose combination tablet, following ICH Q2(R1) validation
guidelines across linearity, accuracy, precision, sensitivity,
and robustness parameters. The method demonstrated
excellent linearity (r2 greater than 0.998 for both
compounds), accuracy within the 98-102% acceptance range
across all three spike levels tested, precision well within the
2% RSD threshold for both intraday and interday
assessment, and robustness to minor deliberate variation in
wavelength selection and solvent composition.

The practical resolution to the cost-versus-capability
dilemma facing quality control laboratories considering this
combination product's routine testing needs is that this
validated  UV-spectrophotometric  method offers a
scientifically defensible, substantially lower-cost alternative
to HPLC-based testing, without the accuracy or precision
compromise that might otherwise justify HPLC's higher
instrumentation and operating cost for this specific product.
Laboratories adopting this method should nonetheless
maintain periodic verification against reference HPLC
methods as part of ongoing quality assurance practice,
consistent ~ with  standard  pharmaceutical — quality
management principles for alternative analytical methods.
Extending this validated simultaneous equation approach to
other fixed-dose combination products sharing similar
spectral overlap characteristics would represent a natural
next step, potentially expanding the range of combination
products for which this substantially lower-cost analytical
approach offers a validated, regulator-acceptable testing
alternative to HPLC-based methods.
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