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ABSTRACT

Objective: The purpose of this research was to simultaneously analyse a mixture of Isoniazid (INH) and Pyridoxine Hydrochloride (PDX) in tablet
dosage form using Partial Least Square (PLS) based on infrared spectra profile.

Methods: The calibration models were measured at five concentrations levels (w/w) of INH and PDX within the wavenumber ranges of 779.24-
713.66 cm'for INH and 829.39-763.81 cm-'for PDX. Model performance was evaluated through internal validation using leave-one-out-cross
validation (LOO-CV), with accuracy and precision assessed by the coefficient of determination (R%), Prediction Error Sum of Squares (PRESS), and
Root mean Square Error of Cross Validation (RMSECV). Divisor approach was applied to separate the spectrum of the individual components within
the mixture.

Results: The PLS models for INH and PDX levels showed excellent validation results, with R? values of 0.9996 and 0.9969, PRESS values of 0.8106
and 0.3129, and RMSCEV values of 0.3675 and 0.2283, respectively. The INH level on INHA® 400 and Pehadoxin Forte® tablets were 102.90% and
105.45% of the labelled amount, while the PDX level was 98.93% and 101.57% of the labelled amount, respectively.

Conclusion: The PLS model based on infrared spectra profiles demonstrated high accuracy, precision, and effectiveness, offering a non-destructive

method for simultaneous analysis of INH and PDX in tablet dosage form. This method is applicable to pharmaceutical quality monitoring.
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INTRODUCTION

A reliable quantitative analysis method is essential for determining the
concentration of a substance, which is cost-effective, easy to operate,
and provides accurate and precise results. Spectrophotometry an
analytical method that meets these criteria and is more in demand
than other methods because it requires no complex extraction stages,
making it more efficient and less time consuming [1, 2]. However,
when standard spectrophotometric methods are used to measure the
amounts of complex mixtures at the same time, problems arise
because the spectra overlaps, making it harder to accurately measure
each component [3]. Therefore, the development of a quantifiable
analytical method is required to address this problem.

The development of Fourier Transformed Infrared (FTIR)
spectrophotometry has proven to be a viable solution for the
quantitative analysis of complex mixtures [4]. FTIR provide numerous
benefits for quantitative analysis, such as its rapid nature, non-
destructive approach, simple to prepare, and low solvent needs.
Moreover, FTIR is gaining recognition as a sustainable alternative, as it
reduces environmental issues linked to solvent usage [5]. In its
application, FTIR can be used in conjunction with chemometrics
techniques, particularly Partial Least Square (PLS) to enhance its
analytical capabilities.

Chemometrics is an interdisciplinary field that applies mathematical
and statistical techniques to process and analyse multivariate data
[6]. The main advantages of chemometrics, particularly PLS, is its
capacity to handle overlapping spectra data and predicted
component concentration without requiring separation processes.
Furthermore, PLS techniques offer ease of use, cost-effectiveness,
and higher sensitivity compared to other techniques [7]. In a
previous study, the combination of FTIR and PLS provided
advantages in terms of high accuracy and precision for the
separation multicomponent mixtures, with the calibration model
processing only the desired analyte concentrations [8]. However,

one limitation of multivariate calibration methods is the potential
occurrence of overfitting. Therefore, validation performed using
leave-one-out-a cross-validation (LOO-CV) for minimize overfitting
also obtain accurate, specific, and reliable results [9]. While the PLS
model demonstrates strong predictive capabilities, it does exhibit
certain limitations when applied to samples with varying matrix
compositions, particularly those containing new excipients that can
lead to increased prediction errors [10]. To address this, it is essential
to consider strategies such as model optimization or calibration
adjustments to improve the accuracy. One such strategy involves using
individual calibration curves, as suggested by Pinto et al. [11].

Advancements in scientific knowledge have led to the growing
availability of pharmaceutical products. Currently, many pharmaceutical
formulations contain multiple active ingredients [12]. A specific example
is the combination of isoniazid (INH) and pyridoxine hydrochloride
(PDX), which poses challenges in quality control due to the similarities in
their physicochemical properties and overlapping absorbance spectra
[13]. In previous studies, various techniques have been employed for the
quantification of INH and PDX in tablet dosage forms, such as Reverse
Phase-High Performance Liquid Chromatography (RP-HPLC) [14].
However, RP-HPLC requires complex sample preparation, costly
equipment, and specialized expertise, which limits its widespread
application [14]. Other methods, such as zero-crossing derivative
ultraviolet (UV) spectrophotometry, offer a simpler approach with less
solvent consumption, but involve lengthy derivation processes to ensure
reliable results [15]. Similarly, the absorbance ratio UV
spectrophotometry method, which relies on iso absorbance points, has
demonstrated limitations in specificity and sensitivity, making it less
suitable for accurate quantitative analysis [16, 17]. Notably, there has
been no prior study utilizing the FTIR-PLS method for the quantification
INH and PDX contents.

Given these limitations, the present research aims to develop a more
efficient and accurate method for the quality control of INH and PDX in
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tablet formulations by combining FTIR spectroscopy with PLS
regression. This method has been demonstrated in numerous studies
to provide high accuracy and precision in the analysis of
multicomponent mixtures. It is particularly effective in handling
overlapping spectra data and predicting component concentrations
without the need for complex separation processes. Furthermore,
FTIR spectroscopy is a solvent-minimal technique, making it an ideal
candidate for efficient and environmentally friendly analytical
applications.

MATERIALS AND METHODS
Materials

INH and PDX standard reference materials were obtained from the
Indonesian Food and Drug Administration, potassium bromide (KBr)
(Uvasol® Merck FT-IR Grade), and INHA®400 tablets (produced by PT
Mersifarma TM), and Pehadoxin Forte® tablets (Produced by PT
Phapros)

Instruments

Analytical balance (Mettler Toledo, model AL 104) with sensitivity of
0.01 g, oven (Memmert), FTIR (IR Prestige-21 Shimadzu) using DRS-
8000A as accessories, Deuterated L-Alanine Doped Triglycene
Sulphate (DLATGS) as detector with a set of Personal Computers
(PC) equipped with IR Solution software, Microsoft Excel software
version 2013, Minitab Software (version 21.4), OriginPro 2022
software, and other tools required for sampling.

Spectra acquisition

The FTIR spectra of INH, PDX, and samples were acquired using an
IRPrestige-21 Shimadzu FTIR spectrophotometer, equipped with IR
Solution software for spectra processing. The measurements were
performed in the wavenumber range of 4500-400 cm™, using 32
scans and resolution of 2 cm™. Background correction was applied
using the FTIR spectrum of air and all transmittance values were
converted to absorbance due measurements. The wavenumber
regions for calibration and validation of INH and PDX were
optimized experimentally, selecting 746.45 cm-! for INH and 796.60
cm-for PDX. These fingerprint regions were selected based on prior
studies by Moffat et al, which identified the fingerprint region
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(1500-600 cm™) to improve the model and reduce the effects of
spectra overlap [18, 19]. The chosen regions were then further
validated through experimental testing. The optimization involved
assessing various wavenumber ranges by evaluating the correlation
coefficients of calibration curves. Then, PLS model and coefficients
were measured within 779.24 to 713.66 cm™ for INH and 829.39 to
763.81 cm™ for PDX.

Preparation of standard reference materials

For INH, the standard was dried in an oven at 105 °C for 4 h to
remove moisture. After drying, 50 mg of INH was accurately
weighed and diluted with KBr up to 500 mg. The resulting mixture
was stirred thoroughly to ensure homogeneity, achieving a final
concentration of 100 pg/mg. In contrast, 50 mg of PDX was
accurately weighed and diluted with KBr up to 500 mg, ensuring
thorough mixing to achieve the same final concentration of 100

Hg/mg.
Preparation of mixed standard

A mixed standard was prepared by weighed 400 mg of INH standard
and 10 mg of PDX standard (concentration of 100 pg/mg). The two
standards were thoroughly mixed, and diluted with KBr up to 100
mg. The resulting mixture was stirred until homogeneous. The final
concentrations (w/w) of INH and PDX in the mixture were 400
ug/mg and 10 pg/mg, respectively.

Preparation of calibration and validation

Preparation of calibration and validation standard was adopted from
approach by Pinto et al, that creating individual calibration curves
grouped into a calibration matrix [11]. This method demonstrates
that sample preparation for a mixture of analytes is not required for
calibration modelling.

For the preparation of the calibration and validation sets, five
concentrations of INH (40 pg/mg-80 pg/mg) and PDX (1 pg/mg-21
ug/mg) as shown in table 1 were prepared. These samples were
measured across multiple wavenumbers, and the results were
validated using leave-one-out cross-validation (LOO-CV) for internal
validation, aiming to mitigate the potential risk of overfitting, a
common limitation in chemometrics analysis by Rohman et al. [8].

Table 1: Calibration and validation set of INH and PDX in concentration (w/w)

No Concentration (w/w)
INH PDX
1 40 1
2 50 6
3 60 11
4 70 16
5 80 21

PLS models and coefficients

A total of 35 absorbance values for INH and PDX were selected to
building each PLS models along with coefficients and measured within
the specific wavenumber ranges for INH (779.24-713.66 cm) PDX
(829.39-763.81 cm!) to determine the predicted concentrations. These
data were processed using Minitab (version 21.4) to develop PLS models
and calculate the corresponding coefficients for determining the actual
concentrations in the samples. The statistical analysis was conducted
and a 95% confidence interval was used throughout the research.

Method validation

Internal validation using leave-one-out-cross validation (LOO-CV),
with accuracy and precision assessed by the coefficient of
determination (R?), Prediction Error Sum of Squares (PRESS), and
Root mean Square Error of Cross Validation (RMSECV) [9].

The statistic multivariate calibration parameters, determination
coefficients (R?), Predicted Residual Error Sum of Squares (PRESS),
and Root mean Square Error Cross-Validation (RMSECV) were
determined using the following formula:

PRESS =}, (actual-calculated)?

RMSECV = /"Rnﬁ

Assay of INH and PDX levels in tablet

INHA 400® and Pehadoxin Forte®, both containing 400 mg of INH
and 10 mg of PDX (40:1 ratio), were selected for comparison due to
their similar active ingredient composition, despite being produced
by different manufacturers. Other formulations with ratio of 400:25
and 300:10 are also available on the market.

Twenty tablets were accurately weighed and then ground in a
mortar until smooth and homogeneous powder was obtained. A
portion of this powder equivalent to 10 mg of INH was carefully
weighed and the PDX content within sample was calculated. Then,
diluted KBr up to 500 mg and the mixture was thoroughly
homogenized (sixth repetition of weighing). After preparation,
acquisition spectra was performed. The measurements were
divided by divisor to calculate the respective absorbances of INH
and PDX, and to minimize noise while maximizing sensitivity [20].
The resulting absorbance values were then substituted into PLS
model coefficients, which were used to determine the actual
concentration (w/w) of INH and PDX in tablet sample.
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The levels of INH and PDX in tablet dosage forms were calculated
using the following formula:

C practical

Content = x purity standard (%)

Ctheoretic
The calculated data for INH and PDX levels were then statistically
one-sample one tail t-test with confidence interval 99%.

RESULTS AND DISCUSSION
INH and PDX standard FTIR spectra profile

The FTIR spectra profiles of INH and PDX presented in fig. 1 were
evaluated at a concentration of 100 pg/mg in KBr and examined for mid
infrared regions that corresponded to wavenumbers of 4500-400 cm™.
Each peaks in FTIR spectra come from the infrared absorption by
functional groups present in these compounds. Table 2 summarizes the
interpretation of each peak in relation to functional groups in the FTIR
spectra profile. From these results, it can be seen that there is no
significant difference between the wavenumber shift obtained and those
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described in the literature [21-22]. The INH infrared spectrum has its
main peaks at wavenumbers 1653 cm?, 1621 cm?, 1541 cm?, 992 cm?,
845 cmrl, 676 cm'and PDX infrared spectrum has its main peaks at
wavenumbers 1540 cm?, 1277 cm?, 1212 cm?, 1086 cm?, 1015 cm,
870 cm'with KBr pellets [19].

Among the identified characteristic peaks, the specific wavenumber
ranges for quantification in this research were first experimentally
tested for both INH and PDX. The testing involved calculating the
correlation coefficient for each calibration curve generated at different
wavenumbers. The wavenumber regions tested in this research were
also based on those identified by Moffat et al. [18], specifically the
fingerprint region (1500-600 cm™). Similarly, Shoukat et al. focused
on informative regions, particularly the fingerprint area, to construct
more accurate models and minimize the effects of spectra overlap [19].
The fingerprint region provides unique characteristics, as each
molecule produces a distinct fingerprint spectrum, differentiating it
from other compounds [23]. The correlation coefficients for various
wavenumbers for both INH and PDX are presented in table 3.
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Fig. 1: Peak view of the functional group region of INH (a) and PDX (b)

Table 2: Functional groups responsible for absorption of peaks in INH and PDX

Compounds Wavenumbers (cm) Functional groups and vibration modes

INH 3302.13 N-H, stretching vibration
3113.11 =C-H (aromatic), stretching vibration
1664.57 and 1637.58 C=0 (amide), stretching vibration
1554.63 N-H, bending vibration
1411.89 C=N (aromatic), stretching vibration
1336.67; 1220.94; 1062.78; 995.27 C-N (aromatic), stretching vibration
844.82 =C-H, bending vibration
746.45 and 677.01 Mono-substituted vibration

PDX 3277.06 -OH (fenolic), stretching vibration
3095.75 -CH (aromatic), stretching vibration
2866.22 -CH (aliphatic), stretching vibration
1930.74; 1826.59; 1732.08 =CN, stretching vibration
1624.06 and 1544.98 C=C (aromatic), stretching vibration
1215.15; 1087.85; 1018.41 C-0 (fenolic), stretching vibration

Table 3: Correlation coefficients for various wavenumbers of INH and PDX
INH PDX

Wavenumbers (cm-1)

Correlation coefficient (r)

Wavenumbers (cm-1)

Correlation coefficient (r)

1664.57
1637.58
1554.63
1411.89
1336.67
1220.94
1141.86
1062.78
995.27
889.18
844.82
746.45
677.01

0.9647
0.9836
0.9607
0.9800
0.9769
0.9897
0.9891
0.9967
0.9815
0.9963
0.9859
0.9974
0.9761

1664.57

0.9647

1637.58 0.9836
1554.63 0.9607
1411.89 0.9800
1336.67 0.9769
1220.94 0.9897
1141.86 0.9891
1062.78 0.9967
995.27 0.9815
889.18 0.9963
844.82 0.9859
746.45 0.9974
677.01 0.9761
684.73 0.9906
621.08 0.9769
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From the data presented in table 3, it can be concluded that the
highest correlation coefficients, close to 1 for INH and PDX are
0.9974 at the wavenumber 746.45 cm™ for INH and 0.9977 at the
wavenumber 1483.26 cm™ for PDX. The selection of wavenumbers
with correlation coefficients (r) close to 1 indicates a linear
relationship between concentration and absorbance [24].

Furthermore, the selection of wavenumbers also took into account
the presence or absence of noise in the peaks observed in the
infrared spectra. However, for PDX, some peaks exhibited noise,
which could result from fluctuations in light source from
instrument, background or environmental condition, sample such
as variations from KBr matrix, or errors in interferogram reading
[25]. This noise can create false peaks, distort peak shapes, and
alter peak positions, thus affecting the accuracy of peak intensity
[26]. Consequently, peaks affected by noise were excluded from
consideration.

Additionally, the ability of the PLS multivariate calibration model to
perform well was evaluated using LOO-CV parameters (R? PRESS,
and RMSECV), which are essential for ensuring optimal results [27].
Cross-validation testing was carried out using Minitab software
(version 21.4) on the calibration models for both INH and PDX. The
calibration model for INH showed low error at the wavenumber
746.45 cm™t. However, the calibration model for PDX at 1087.85
cm™, with a correlation coefficient of 0.9975, exhibited a higher
error compared to the model at 796.60 cm™, despite the latter
having a slightly lower correlation coefficient of 0.9971. Based on
these findings, the wavenumber of 746.45 cm™ for INH and 796.60
cm™* for PDX were selected for quantification.
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Prior to quantification, the absorbance spectra of the INH standard,
PDX standard, and their mixture were overlapped, as shown in fig. 2.
The concentrations (w/w) of the INH and PDX standards were 100
ug/mg, while the concentration of the standard mixture of INH and
PDX was 400:10.

As illustrated in fig. 2, the absorbance spectra of INH and PDX overlap,
and the spectrum of their standard mixture differs from that of each
individual compound. This overlap makes it challenging to determine
the concentration of the drug mixture using conventional
spectrophotometric methods. Consequently, to extract meaningful
information from the infrared spectra, a multivariate calibration
approach, such as chemometrics, are required. Chemometrics
techniques are commonly employed in drug analysis because they do
not necessitate separation procedures, even when spectra from
multiple compounds overlap [28].

In the fingerprint region, where the absorption spectra of INH and PDX
are superimposed, both compounds exhibit overlapping vibrations at
the same wavenumber of 746.45 cm™, influencing each other. This
interaction forms the basis of research methodology for drug
quantification, where focusing on a single wavenumber region allows
for the simultaneous measurement of both INH and PDX levels within
the same fingerprint area, specifically in the wavenumber range of
779.24-713.66 cm™, with a 2 cm™ interval. Wavenumber selection is
limited to informative regions within the fingerprint area to enhance
the model and minimize the effects of spectra overlap [20]. The
fingerprint region is especially valuable because it provides distinct
characteristics unique to each compound, as different molecules
produce unique spectra patterns [21].
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Fig. 2: Overlapping FTIR spectra profile of INH and PDX standard at wavenumbers of mid infrared region (a) and fingerprint region (b)

Fig. 2(b) shows that the PDX peak is slightly more intense than the
INH peak at 746.45 cm™, indicating that the absorption intensity of
PDX is higher. This difference can be attributed to the distinct
chemical compositions of the two substances [29]. The peak at
746.45 cm™ corresponds to a mono-substituted vibration group.
According to the table presented by Rohman et al, this wavenumber
is associated with an aromatic-CH bending vibration, as it falls
within the typical range of 900-690 cm™*[30]. The absorption
wavenumbers are influenced by the type of bond and the nature of
its vibration, with different bonds absorbing infrared radiation at
characteristic wavenumbers [31].

Calibration model of INH and PDX

Five concentrations (w/w) of INH standard (40, 50, 60, 70, and 80)
ug/mg and PDX standard (1, 6, 11, 16, and 21) pg/mg were
measured at wavenumbers of 4500-400 cm™! to obtain absorbance
data. Then, 35 absorbance values were selected in the specific
regions for INH (779.24-713.66 cm™) and PDX (829.39-763.81
cm™), as shown in fig. 3 and fig. 4, respectively, to calculate the
actual concentrations. PLS models and coefficients were then
developed. This approach applied two strategies using PLS, one of

which involved creating individual calibration curves grouped into a
calibration matrix [11]. This strategy shows that sample preparation
for a mixture of analytes is unnecessary for calibration modelling.
Using pure standard substances to construct the calibration model
offers several benefits, such as reducing the number of samples
required for calibration and making it easier to update the model
when new components need to be quantified.

The graph depicting the linear relationship between the actual and
predicted concentrations of INH and PDX models shown in the fig. 5,
and the graph depicting the relationships between the
components/variables and shown in the fig. 6. The fig. 5(a) and fig.
5(b) demonstrates a linear correlation between the actual and
predicted concentrations using PLS, indicating that this method can
be effectively employed for quantification [32]. On the other hand,
fig. 6(a) and fig. 6(b) demonstrate that the predictors have nearly
identical lengths, suggesting that they contribute equally to the
model. Smaller angles between predictors indicate a high degree of
correlation, while predictors with longer vectors, which correspond
to greater loadings in the first or second components, are considered
more important in the model.
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Method validation

One limitation of multivariate calibration methods is the potential
occurrence of overfitting. Internal validation is performed using
cross-validation techniques, such as leave-one-out cross-validation
(LOO-CV), where one data point is removed at a time, and the
prediction model is developed using the remaining data to predict
the excluded data point [10]. In this research, internal validation was
performed at Minitab (version 21.4), and the model selection and

Int ] App Pharm, Vol 17, Issue 2, 2025, 449-455

validation results, along with the coefficients of INH and PDX were
presented in table 4. The calibration model as shown in table 4 was
developed by considering the number of components as 1. This
choice was made to balance the risk of underfitting and overfitting.
Specifically, selecting too few components could result in the loss of
essential information (underfitting), while selecting too many
components could lead to overfitting, where the model captures not
only relevant data but also noise from the dataset, thus impairing its
predictive performance [33, 34].

Table 4: Model selection and validation along with the coefficients of INH and PDX

Compounds Model selection and validation Coefficients

Comp onent X variance Error PRESS R? (pred) RMSECV  Regression equation
INH 1 0.9991 0.7276 0.9996 0.8106 0.9996 0.3675 x=136.986y-2.014
PDX 1 0.9891 0.2820 0.9969 0.3129 0.9966 0.2283 X =48.5437y - 1.0146

The PLS calculations for both INH and PDX met the validation
requirements, as indicated by the R? PRESS, and RMSECV values
presented in table 4. The PRESS values for INH and PDX were
0.8106 and 0.3129, respectively, reflecting the squared
differences between predicted and actual values for each sample.
PRESS is a commonly used metric to evaluate the predictive
performance of a model; smaller PRESS values indicate better
predictive accuracy. These results confirm that the PRESS values
satisfy the validation criteria [10]. In addition to PRESS, the
RMSECV and R? values provide further validation. The RMSECV
values for INH and PDX were 0.3675 and 0.2283, respectively,
while the R? values were 0.9996 and 0.9969 value of R?
approaching 1 and RMSECV approaching 0 indicate a reliable
model. Therefore, the R*> and RMSECV values for both INH and
PDX meet the validation requirements outlined in criterion,
confirming the validity of the PLS model for these substances
[10]. Based on this result, when compared to the RP-HPLC
method, the PLS technique offers several advantages, such as
enhancing analysis accuracy, selecting relevant data, and
removing uninteresting data [9, 13].

Table 5: INH and PDX

Application of the method in tablet dosage form

This research employed two tablet samples, INHA® 400 and Pehadoxin
Forte®, to quantify INH and PDX levels. The concentrations of INH and
PDX were determined using divisor. These divisor were used to
minimize noise while maximizing sensitivity [21]. The absorbance values
of each substance were calculated by dividing the sample spectra by the
individual spectra of each INH and PDX standards. For example, to
determine the INH content in INHA® 400, the sample spectrum was
divided by the PDX spectrum in the defined fingerprint region (779.24-
713.66 cm™). Similarly, PDX was determined by dividing the sample
spectrum by the INH spectrum in the same region. The resulting values
then were substituted into each PLS models and coefficients to
determine each actual concentrations. This procedure was also applied
to the Pehadoxin Forte® tablets. The PDX divisor with a concentration of
600 pg/mg was used to measure the INH content in both tablets.
Similarly, the INH divisor with a concentration of 706 pg/mg was
employed to quantify PDX levels in both tablets. The range of INH and
PDX contents in INHA® 400 and Pehadoxin Forte® tablets is presented in
table 5.

contents in tablet dosage form

Component of drugs Sample Contents (%) Level requirements (%)
INH INHA® 400 101.16-104.63 90-110

Pehadoxin Forte® 102.83-108.06 90-110
PDX INHA® 400 97.21-100.64 95-115

Pehadoxin Forte® 99.01-104.3 95-115

The levels of INH and PDX obtained can be seen in table 5 above and are
still within the range of requirements in the Indonesian Pharmacopeia
Sixth Edition. This proves that the levels of INH and PDX obtained meet
the standard levels of the Indonesian Pharmacopoeia Edition VL.

CONCLUSION

The FTIR-PLS technique exhibited excellent accuracy, precision, and
effectiveness, providing a non-destructive approach. It allows for the
simultaneous analysis of INH and PDX in tablet formulations without
the need for separation, while meeting all validation criteria. This
method is applicable to pharmaceutical quality monitoring.
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