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INTRODUCTION

According to a report by the World Health Organization
(WHO) in 2017, it was estimated that 1 in 10 medical products
circulating in low- and middle-income countries is substandard or
falsified. This means that people are using medicines that are unable
to treat or prevent diseases. WHO identified that counterfeit drugs may
account for about 50% of the global pharmaceutical market, with
many of them originating from developing countries. According to
reports submitted to WHO from 20 different countries, most
counterfeit drugs fall into one of the following three categories: (1)
products containing no active ingredients — about 30%; (2) products
containing incorrect amounts of active ingredients — about 20%; and
(3) products containing the wrong ingredients — about 20%.
Therefore, Quality Control is an essential and indispensable factor in
the production, circulation, and use of pharmaceuticals. With the rapid
development of the pharmaceutical industry, the demand for drug
guality has become increasingly stringent. Regulatory agencies
worldwide — including the U.S. Food and Drug Administration, the
European Medicines Agency, and others — emphasize the necessity
of strict quality control throughout the manufacturing and distribution
processes. This is to ensure that pharmaceutical products not only
meet therapeutic efficacy standards but also guarantee absolute safety
for users.

With the increasing diversity and complexity of
pharmaceutical products today, the development of rapid, accurate,
and reliable analytical methods has become an essential requirement.
Currently, in the monographs for the analysis of active pharmaceutical
ingredients specified in various pharmacopoeias, most are individual
analytical procedures. This means that the analytical process must be
accompanied by an extraction or separation step when dealing with
multicomponent drugs, making the overall process time-consuming,
complex, and costly in terms of reagent consumption. Meanwhile,
simultaneous analysis not only saves time and cost but also minimizes
errors arising from the extraction and separation processes. This
situation highlights the necessity for regulatory authorities and
researchers to study, improve, and develop more simultaneous
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analytical methods to enhance efficiency in pharmaceutical quality
control.

It can be observed that the group of physicochemical analytical
methods has been increasingly developed and widely applied in
pharmaceutical analysis, accounting for the majority of analytical
procedures in pharmacopoeial monographs. The clear advantages of
these methods have been well demonstrated — including high
accuracy, precision, and reliability. However, techniques such as high-
performance liquid chromatography, gas chromatography, and mass
spectrometryinvolve complex, expensive instruments, strict analytical
procedures, and require operation by highly skilled professionals. In
this context, the UV-Vis spectrophotometric method can overcome
several disadvantages of those instrumental techniques. Nevertheless,
one major challenge of the UV-Vis method arises when analyzing
multicomponent pharmaceutical samples whose spectra overlap or
when interferences from impurities and excipients are present, making
it difficult to accurately determine the concentrations of individual
components in the sample.

In 1972, Swede Svante Wold and Bruce R. Kowalski introduced
the term chemometrics, which was defined as a branch of chemistry
that employs mathematical and statistical methods to design or select
measurement procedures, optimize experiments, and maximize the
extraction of chemical information through the analysis of chemical
data. Since the 1980s, with the advent of personal computers, a new
era began for the collection, processing, and interpretation of chemical
data. Up to now, the rapid and powerful development of computer
science, along with the emergence of artificial intelligence (Al)
models, has made data processing easier and more accurate. This has
provided significant advantages in the creation, improvement, and
advancement of analytical methods. The limitations of UV-Vis
spectrophotometric analysis can be thoroughly and accurately
addressed by combining spectral data with mathematical modeling. A
variety of mathematical models have been applied to spectral data
processing, ranging from Classical Least Squares (CLS), Inverse Least
Squares (ILS), Principal Component Regression (PCR), and Partial
Least Squares (PLS) to more advanced machine learning approaches
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such as Artificial Neural Networks (ANN), Support Vector Machines
(SVM), and Genetic Algorithms (GA)...

When measuring the UV absorbance of a solution, it is possible
to accurately and rapidly obtain its entire spectrum with low noise,
compared to measuring absorbance at a single wavelength. The
absorption spectrum obtained from the sample measurement provides
information about all the components present in the sample as well as
the interactions between them. This represents a significant advantage
over univariate analysis, in which only information about a single
component is obtained while the interactions among coexisting
substances in a mixture are ignored. This is one of the key advantages
of multivariate analysis.

The Partial Least Squares (PLS) model is often described as a
principal regression technique used when dealing with multivariate
data. Its successful applications in fields such as Quantitative
Structure—Activity Relationship (QSAR) studies, metabolomics, and
psychometrics have demonstrated its effectiveness. Subsequently,
PLS has been widely applied in various spectroscopic techniques such
as near-infrared (NIR), Raman, UV-Vis spectroscopy, as well as in
chromatographic and electrochemical methods, highlighting the
importance of this approach in data processing and result computation.
The advantages of the PLS model include: data dimensionality
reduction, handling multicollinearity, eliminating noise effects, and
the ability to analyze individual components within a mixture without
requiring complete prior knowledge of the analytical sample.

In particular, in the analysis of pharmaceutical mixtures with
overlapping UV-Vis spectra, the PLS method allows the simultaneous
determination of multiple active ingredients without the need for
separation or extraction, by constructing a regression model based on
spectral data and reference concentrations. As a result, the
combination of PLS with UV-Vis spectroscopy not only enables
spectral overlap resolution but also enhances accuracy, reduces cost,
and shortens analysis time. These outstanding advantages make this
approach a highly practical and promising research direction in the
quality control of multicomponent pharmaceutical formulations.
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For the above reasons, we have chosen the dissertation topic:
“Simultaneous determination of several pharmaceutical
compounds with overlapping uv-vis absorption spectra using the
partial least squares method”

Chapter 1. OVERVIEW
1.1. UV-Vis spectrophotometric method
1.2. Chemometric methods
1.3. Some multivariate analysis methods
1.4. Overview of the application of the PLS method combined with
spectroscopic techniques in compound analysis
1.5. Limit of detection in multivariate analysis
1.6. Wavelength selection in spectroscopic analysis
1.7. Introduction to Amlodipine besylate, Indapamide, Atorvastatin
calcium, Spironolactone, Furosemide, Rifampicin, Isoniazid,
Pyrazinamide, Metronidazole, and Spiramycin.

Chapter 2. RESEARCH CONTENTS AND METHODS

2.1. Research content
- Development of multicomponent quantitative models using PLS—
UV for two- and three-component systems with overlapping
absorption spectra; calibration sets are designed based on the Central
Composite Design (CCD), latent variables are selected using the
PRESS criterion, and model validation is performed through statistical
parameters (RMSEC, RMSECV, RMSEP, R?, residual analysis,
recovery, and repeatability).
- Applying the PLS-UV models to commercial drugs (AgimDogyl,
Zoamco-A, Spirosemid-40, Natrixam, Turbezid) for simultaneous
guantification of active ingredients, with results compared to HPLC
using t-tests.
- Comparing PLS performance with PCR and CLS to assess
advantages and noise-reduction in multicomponent UV-Vis analysis.
- Optimizing wavelength selection for PLS using SR, BVE, and GA
algorithms to reduce input variables without compromising prediction
accuracy.
- Proposing and standardized a practical procedure for applying PLS—
UV in multicomponent pharmaceutical analysis, supporting
implementation in QC/QA laboratories.
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2.2. Research methods
2.2.1. Experimental Design
2.2.2. Cross-Validation Method
2.2.4. Limit of Detection in the PLS Model
2.2.5. Wavelength Selection by the Selectivity Ratio Method in
PLS
2.2.6. Wavelength Selection by the Backward Variable
Elimination Method in PLS
2.2.7. Wavelength Selection by the Genetic Algorithm Method
in PLS
2.3. Experimental Work

Chapter 3. RESULTSS AND DISCUSSION
3.1 Experimental Design and Spectral Characteristics of the
Studied Active Ingredients

Quang phd hdp thy UV cia cic don cdt SPR v FUR Quang phd hdp thu UV cila cac don chdt INZ, RIF va PYR
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Figure 3.1. Absorption spectra of the individual components in
the pharmaceutical samples

The concentrations of the substances in the calibration set used
for model construction were designed according to the Central
Composite Design (CCD), with the central concentrations
corresponding to the ratio of active ingredients present in the
pharmaceutical samples. The absorption spectra of the individual
components in the analyzed samples exhibit a high degree of overlap,
as shown in Figure 3.1.
3.2 PLS Combined with UV-Vis Absorption Spectroscopy
3.2.1 Results of the PLS Algorithm
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3.2.1.1 Score Plot in the PLS Model

The PLS method is an approach in which the original data are
represented in a latent variable space. The latent variables are
expressed as a score matrix, which provides a summarized
representation of the original data. In this case, the dimensionality of
the data has been reduced from 401 wavelengths to 25 principal
components, with each principal component corresponding to a new
dimension in the latent space.
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Figure 3.2. Score plot of the first 12 latent variables for MTZ and SPI

The score plot in Figure 3.2 shows that the PLS model can
transform the original data into the latent variable space, revealing the
relationship between the concentration information of the analytes and
the latent variables, while also explaining the noise factors present in
the data.
3.2.1.2. Loading (P), weight loading (W), projection (Pprj) and
regression coefficients of the PLS model

The spectra of the projection vectors of the spectral data onto
the latent space for MTZ and SPI show a strong similarity to the
spectra of the pure components (first latent variable), indicating that
the characteristic properties of each compound in the original mixture
can be well represented. When the number of latent variables
increases, the spectra exhibit stronger fluctuations, suggesting
uncertainty that may arise from noise in the original data. This
demonstrates the critical importance of selecting an appropriate
number of latent variables to retain when constructing the regression
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model in PLS. This observation is also consistent with the regression
coefficient plot, which illustrates the relationship between the
independent variables and the concentrations: when too many latent
variables are included, the regression coefficients fluctuate
significantly, indicating that even small variations in latent variable
data can lead to large changes in the predicted concentrations.

— - Figure 3.1. Spectra
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-~ ¢+~ vectors of the original
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N I . ) MTZ and SPI using
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3.2.2 Results of determining the number of LVs in the PLS model
3.2.2.1 Selection of the number of latent variables based on the

minimum PRESS value
Figure 3.2.
PRESS
value plot in
the PLS
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el T ©oL.L T MTZand
SPI

The results of the PLS model show that the original data were
reduced to 25 latent variables, with each latent variable corresponding
to one PRESS value. In this model, the minimum PRESS values
correspond to the 4th and 19th latent variables for MTZ and SPI,
respectively.
3.2.2.2 Selection of the Number of Latent Variables Based on
Statistical Testing for the Calibration Set
According to Haaland and Thomas, the latent variable with the
smallest F-ratio having a probability less than 0.75 is selected as the
optimal latent variable for building the PLS model. The p-values in
the Fisher distribution were calculated with degrees of freedom equal
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to the number of calibration samples (27) for both the numerator and
denominator. As a result, the number of latent variables selected for
constructing the PLS model was 3 for MTZ and 8 for SPI.

3.2.2.3 Selection of the Number of Latent Variables Based on
Statistical Testing for the Validation Set

Similar to the selection based on the PRESS value for the calibration
set, the F-ratio was also calculated to determine the optimal latent
variables for the validation set. The results showed that the number of
latent variables selected for MTZ and SPI were 2 and 7, respectively.
3.2.3 Evaluation results of the PLS model for the simultaneous
determination of MTZ and SPI

Table 3.1. Statistical parameters of the PLS model for MTZ and SPI

at the selected latent variables

LVs n=2 n=3 n=4 n=7 n=8 n=19

RMSECV (ug/mL) 0,540 0,474 0,446 160 146 1,37
RMSEC (ug/mL) 0,483 0,407 0347 0294 0294 0

Shapiro- w 0928 0,921 0896 0,977 0,960 -
Wilk p 0,061 0043 0,011 0,789 0,373 -

R? 0,9894 10,9925 0,9945 0,9995 0,9999 1
LODmin (ug/mL) 0,926 0,867 0,816 2,63 273 118
LODmax (Ug/mL) 1,02 1,14 1,07 3,19 3,29 1,50

The PLS model was evaluated using parameters such as
RMSECV, RMSEC, residual analysis, determination coefficient (R2),
and limit of detection (LOD). The results showed that MTZ required
two latent variables, while SPI required seven, to achieve statistically
optimal values. The RMSE values were less than 5% compared to the
mean concentration, the residuals followed a normal distribution, and
the determination coefficients (R?) were greater than 0.99. The low
LOD values indicated that the developed PLS model was capable of
detecting very small amounts of the analytes.

The established PLS model was then applied to predict the
concentrations of samples in the validation set, which were prepared
in the laboratory with varying concentration ratios. The average
recoveries of MTZ and SPI were 100.9% and 99.3%, respectively,
with corresponding RSD% values of 2.06% and 1.658%, meeting the
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AOAC acceptance criteria. The RMSEP values were below 2%,
demonstrating the excellent predictive performance of the model.
3.2.4 Validation of the PLS method combined with UV-Vis
spectroscopy for the simultaneous quantification of MTZ and SPI.
3.2.4.1 Accuracy

The accuracy of the developed PLS method for the
simultaneous quantification of MTZ and SPI was assessed using two

approaches:
Method 1: Evaluation based on recovery by spiking known
amounts of MTZ and SPI at three concentration levels — low,

medium, and high. The results showed average recoveries for MTZ of
93.0% (RSD = 3.08), 98.6% (RSD = 1.50), and 96.3% (RSD = 1.01),
and for SPI of 100.2% (RSD = 1.05), 101.4% (RSD = 2.08), and
104.9% (RSD =0.71). These results comply with AOAC requirements
for concentrations below 100 pg/mL, which specify acceptable
recovery values between 90% and 107%.

Method 2: Comparison with the HPLC method for MTZ
guantification and the microbiological method for SPI quantification,
as specified in the Vietnamese Pharmacopoeia V. The results indicated
no statistically significant difference between the mean values
obtained by the two methods (p > 0.05).
3.2.4.2 Precision
Precision was assessed through repeatability studies conducted over
two different days. On each day, six replicate analyses were
performed, starting from sample weighing. Day 1: myrz; = 14.96
pg/mL (RSD = 1.303%), myrz = 88.86 IU/mL (RSD = 1.511%).
Day 2: myrz = 14.98 pg/mL (RSD = 1.275%), myrz = 88.06
IU/mL (RSD = 0.907%). All RSD values were below the AOAC
acceptance limit of 5.3%, indicating good repeatability of the
analytical results.

3.2.5 Quantitative Results of MTZ and SPI in AgimDogyl Tablets

The quantitative determination of MTZ and SPI in
AgimDogyl tablets (labeled content: 125 mg / 750,000 1U): murz
=124,38 £ 1,26 mg and mgsp = 735971 £ 3370 IU. These results
indicate that the contents of both MTZ and SPI are within the
acceptable limits specified in the Viethamese Pharmacopoeia V.
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3.2.6. Application of the PLS Method for Simultaneous

Quantification of Active Ingredients in Multicomponent Drugs

3.2.6.1 For two-component Drugs

a. Development of PLS Models for Two-Component Formulations

Bang 3.2. Statistical parameters used to evaluate the calibration sets
of Spirosemid, Zoamco-A, and Natrixam using the PLS method

Spirosemid Zoamco-A Natrixam
SPR FUR AML ATO IND AML

Wavelength range

(nm)
Scan (AL) 05 0.2 0.2

200 - 400 230-260 200 - 400

n 2 2 3 2 4

2

RMSECV (pg/mL) 0,190 0,212 0,129 0489 0,128 0,385

RMSEC (ug/mL) 0,260 0,280 0,057 0314 0,109 0,354

Shapiro- \W 0,8842 09742 10,9062 0,8676 0,9093 0,8871
Wilk test p 0,1747 09278 10,2903 0,116 0,2395 0,128

% 0,9980 0,9977 10,9991 0,9929 0,9902 0,9992
LODmn (ug/mL) 0,375 0,272 1,00 469 0269 1,263
LODma (hg/mL) 0,420 0,320 1,06 483 0338 1,708

The PLS models for the calibration sets of Spiromid-40,
Zoamco-A, and Natrixam were constructed, and the statistical
parameters were calculated and presented in Table 3.12. The results
show that all statistical parameters used to assess model accuracy met
the required criteria and were applied to simultaneously determine the
components present in the two-component pharmaceutical samples.

The developed PLS models were applied to quantify the
components in the test samples. The recovery ranges were as follows:
SPR and FUR: 92.8-106.3% and 97.0-108.0%; AML and ATO: 97.3—
104.5% and 98.0-105.2%; IND and AML: 96.9-103.9% and 97.3—
106.3%. The RMSE values were less than 2% or within the range of
2-5%.

b. Evaluation results of the PLS model applied to the simultaneous
guantification of active ingredients in two-component drugs

Accuracy: For Spiromid, the recovery rates of SPR and FUR
were in the ranges of 98.4 — 107.8% and 101.4 — 105.3%, respectively;
For Zoamco-A, the recovery rates of AML and ATO were 101.6 —
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108.1% and 99.1 — 107.2%, respectively, For Natrixam, the recovery
rates of IND and AML were 96.7 — 104.7% and 101.1 — 104.6%,
respectively.

Repeatability: : For Spiromid: SPR: m = 9,76 pg/mL (RSD =
2,54), FUR: m = 7,76 pg/mL (RSD = 2,18); For Zoamco-A: AML
m= 10,44 pg/mL (RSD = 1,48), ATO m = 20,81 pg/mL (RSD =
2,49); For Natrixam: IND: m = 4,35 pug/mL (RSD =1,32), AML: m =
14,45 pg/mL (RSD = 0,65).

The results show that the PLS models for Spiromid-40,
Zoamco-A, and Natrixam met the required criteria for both accuracy
and precision.

c. Quantitative results

For Spiromid tablets:: mspr = 49.65 * 3.21 mg/ tablet; meygr =
39.39 £ 1.93 mg/ tablet; For Zoamco-A tablets: mam. = 5.23 £ 0.24
mg/ tablet; mato = 10.39 £ 0.77 mg/ tablet; For Natrixam 1.5/5 tablets:
1,5/5: minp = 1.47 £ 0.05 mg/ tablet; mame = 4.83 + 0.10 mg/ tablet
(confidence interval 95%). The percentage content relative to the
labeled amount of each drug was also calculated. The obtained values
for all active ingredients were within the 90-110% limits specified by
the Vietnamese Pharmacopoeia V.

A comparison between the mean results obtained by the PLS
method and those obtained by the HPLC method showed no
statistically significant difference (tca < tiaple = 2.775).
3.2.6.2 For three-component drugs
a. Construction of PLS models for three-component drugs

Statistical parameters were calculated to evaluate the
performance of the PLS models, and the results are presented in Table
3.18.

The established PLS model was applied to determine the
concentrations of RIF, INZ, and PYR in laboratory-prepared samples.
The average recoveries were 100.0%, 101.5%, and 100.2% for RIF,
INZ, and PYR, respectively. The low RMSEP values indicate the
strong predictive capability of the PLS method combined with UV—
Vis spectroscopy, demonstrating its applicability for the simultaneous
guantification of RIF, INZ, and PYR in multicomponent
pharmaceutical formulations.
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Table 3.3. Statistical parameters for evaluating calibration sets using
the PLS method.

RIF INZ PYR
Wavelength range (nm)  220-440 220-425 220 -300
Scan (A)L) 0,5
LVs 3 4 3
RMSECV (pg/mL) 0,136 0,227 0,367
RMSEC (ug/mL) 0,107 0,184 0,317

W 0,9825 0,9816 0,9452

Shapiro-Wilk test 0 0,888 0.8661 0.1254

R? 09944 09836  0,9929
LODmin (Ug/mL) 0,43 0,87 1,30
LOD max(ig/mL) 0,45 0,97 1,35

b. Evaluation of the PLS model applied for simultaneous
guantification  of active  pharmaceutical ingredients in
multicomponent formulations

The PLS method combined with UV-Vis spectroscopy
successfully determined the concentrations of RIF, INZ, and PYR in
the analyzed samples, with recoveries ranging from 97.6-102.4%,
95.4-108.2%, and 95.9-102.1%, respectively. These results comply
with AOAC performance criteria.

The mean concentrations of RIF, INZ, and PYR in the
repeatability assessment on Day 1 were 9.13, 4.57, and 24.53 pg/mL,
respectively; and on Day 2 were 9.10, 4.60, and 24.41 pg/mL,
respectively. The repeatability results were satisfactory, with RSD (%)
values lower than those calculated using the Horwitz equation.
Comparison of the mean values between the two trials revealed no
statistically significant differences (t_calculated < t_table), indicating
that the analytical method meets the precision requirements.

c. Quantitative results

mrir = 154,11 + 6.36 mg/table; minz = 77.39 £ 2.74 mg/table;
meyr = 407.83 £ 10.40 mg/tabke. The percentage of the measured
content relative to the labeled claim complies with the requirements of
the Vietnamese Pharmacopoeia V.

Comparison of the mean values obtained by the two methods
shows that the average concentrations of RIF, INZ, and PYR
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determined using the PLS-UV-Vis spectrophotometric method are
not significantly different from those obtained by the HPLC reference
method.
3.2.7 Conclusion of the PLS Method

We propose a general procedure for using the PLS method
combined with UV-Vis absorption spectroscopy for the simultaneous
guantification of compounds with overlapping spectra. The procedure
consists of two stages:

* Stage 1: PLS model train:

Select
w

Central Train the FRASECY
Composite PLS model ¥ RMSEC
Design PLs RMSEP
Spectral: A.csv B "f:f,ei‘)m J model Residual analysis
Cpre = Apiinbpsy + Emsy validation R?

Lop
Rev (%) laboratory-prepared samples

Validation:
- Accuracy
Repeatability

* Stage 2: Determination of analyte concentration in real sample
i ‘ - (T4 |
i AN

Weigh 20 tables,
Calculate myy,

Weigh m(g) Add MeOH to Ultrasonicate for 5 min
of powder make up to 50 mL l

Data: A%V.csv Add solvent to
a final volume
l R of 10 mL

o o Rest ]
Cpre = Amixnbnxa + Emxa

D
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3.3 Wavelength selection in PLS

3.3.1 Wavelength selection using the selectivity ratio combined with
Partial Least Squares method (SR-PLS)

3.3.1.1 SR calculation results for each wavelength

I 4 chon loc trang mé hinh PLS cho MTZ 14 chon loc rang mé hink PLS ¢ho SP1

Figure 3.5. Results of SR value determination for MTZ and SPI in

the established PLS model.

For MTZ, the SR values are mainly concentrated in the
wavelength range of 250-350 nm. For SPI, the SR values in the
wavelength range of 210-247 nm are much higher than those at other
wavelengths (Figure 3.5).

A similar evaluation was performed for IND and AML in
Natrixam 1.5/5 tablets. The SR values at different wavelengths for
each compound, IND and AML, are presented in Figure 3.6. The
results indicate that for wavelengths above 320 nm, the SR values for
IND are relatively low, which aligns with the fact that pure IND does
not absorb in this wavelength range. In contrast, for AML, the SR
values in the 320-400 nm range are very high, while they remain very
low at other wavelengths.

Tl chon loc trong ma hinh PLS cho IND Tilé chon loc trong mo hinh PLS cho AML
28 M

Mllllllllllﬁ"” »N """""""""" e

e song (nen

Figure 3.6. SR values for IND and AML
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3.3.1.2 Selection of Important Wavelengths Using the SR Method
Table 3.4. Wavelengths selected by the SR method for MTZ and SPI
in the PLS model

number of initial ratio
Drug Analyte selcted number of
(%)
wavelengths wavelengths
181 (252 -
MTZ  338,5and 200 — 401 45,1%
AgimDogyl 203 nm)
SPI 74 (2112475 401 18,4%
nm)
569 (200 — 0
IND 313,6 nm) 1001 56,8%
Natrixam 1,5/5 514 (219 — 222
AML  and 300,6 — 400 1001 51,3%
nm)

3.3.2 Wavelength Selection Using the Backward Variable Elimination
Combined with Partial Least Squares (BVE-PLS) Method
3.3.2.1 VIP Value Calculation Results

In the backward variable elimination method, we applied the
procedure to three drug samples: AgimDogyl, Natrixam 1.5/5, and
Turbezid. The calculated VIP values are presented in Figures 3.7, 3.7,
and 3.9.

e s Serg

Figure 3.7. VIP values calculated for MTZ  Figure 3.8. VIP values calculated for INZ
and SP1 in the PLS model, corresponding o and AML in the PLS model, corresponding
2 and 7 latent variables, respectively. to 4 and 2 latent variables, respectively.
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Figure 3.9. VIP values
calculated for RIF, INZ, and
PYR in the PLS model,
corresponding to 3, 4, and 3
latent variables,
respectively.

The results indicate that,
compared  with  the

absorption spectra of the individual components, the high VIP values
are all located in the strong absorption regions corresponding to those

pure components.
3.3.2.2 Wavelength Selection Results Using

the BVE-PLS Method

Table 3.5. Wavelengths selected by the BVE-PLS method for the
drug samples AgimDogyl, Natrixam 1.5/5, and Turbezid

initial

number of selcted ratio
Analyte number of
wavelengths (%)
wavelengths

MTZ 180 (200 — 241,5 nm) 401 44.,9%

AgimDogyl 90 (200,5 — 245,5; 265 — 0
SPI 288 nm) 401 22,4%

370 (200-210,4; 214,2 —
Natrixam IND 223,8; 231- 243,8; 344,2 1001 37,0%
1,5/5 —384,6 nm)

AML 268 (200-253,4 nm) 1001 26,7%

300 (220 — 362,5; 428,5 0
RIF _ 440) 441 68,0%
Turbezid INZ 401 (220-395,5; 401 - 411 97,6%

425 nm)

151 (220 — 285,5; 291 — 0

PYR 300 nm) 161 93,8%

3.3.3 Wavelength Selection Using the Genetic Algorithm Combined

with Partial Least Squares (GA-PLYS)
3.3.3.1 Genetic Algorithm Results

Figures 3.10, 3.11, and 3.12 show the optimization process for
wavelength selection across different generations. The results indicate

that initially, the RMSE values are high;
17
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progresses through successive generations, the RMSE values
gradually decrease and eventually stabilize.

e Sy Hinh 3.4. RMSECV values over 50
Flgure_3.3|. R'V_'ShECV values ovefr 50 genetic algorithm generations for
genetic algorithm generations for IND and AML

MTZ and SPI

Hinh 3.5. RMSECV values over 50 genetic algorithm generations for RIF,
INZ and PYR
3.3.3.2Wavelength Selection Results Using the Genetic Algorithm
The results show that the proportion of wavelengths selected
by the GA-PLS method relative to the total initial number of
wavelengths is relatively small. The retained wavelength ratios for
MTZ and SPI in the AgimDogyl dataset are 12.2% and 8.5%,
respectively; for IND and AML in the Natrixam dataset, both are
10.5%; and for RIF, INZ, and PYR in the Turbezid dataset, the ratios
are 9.6%, 9.5%, and 8.7%, respectively.
3.3.4 Results of Applying Wavelength Selection Methods for
Determining the Content of Compounds in Multicomponent Drug
Samples
3.3.4.1 Application of Wavelength Selection Methods for
Simultaneous Determination of MTZ and SPI in AgimDogyl Tablets
a. Construction of PLS Models Based on Wavelength Selection
Algorithms
The PLS method was applied to build calibration models for
the AgimDogy!I calibration sets using wavelengths selected by the SR-
PLS, BVE-PLS, and GA-PLS methods. The results show that all
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models met the statistical evaluation criteria, with the SR-PLS method
demonstrating superior accuracy and better data fit.

The performance of the SR-PLS, BVE-PLS, and GA-PLS
methods was further evaluated based on predictions for the test set.
The recovery percentages of the methods showed no significant
differences. For MTZ, the recovery ranges were: SR-PLS: 100.4—
104.8%, BVE-PLS: 98.9-104%, GA-PLS: 98.7-104.1%. For SPI, the
recovery ranges at different concentrations were: SR-PLS: 97.4-
102.1%, BVE-PLS: 97.1-101.8%, GA-PLS: 97.6-103.0%. The
RMSEP values for MTZ using SR, BVE, and GA methods were
0.5313 (3.5%), 0.330 (2.2%), and 0.336 (2.2%), respectively. These
values are small relative to the mean concentration of the test set
(<5%), indicating good predictive performance. For SPI, the RMSEP
percentages relative to the mean test set concentration were 1.3%,
1.6%, and 2.4% for SR, BVE, and GA methods, respectively, showing
very good prediction for SR and BVE and good prediction for GA.

b. Method Validation

* The recovery of MTZ and SPI, evaluated using the standard addition

method, met the AOAC requirements.

- Repeatability was assessed over two different days on AgimDogyl

tablet samples.

+ Day 1: MTZ: m3R = 14,58 pg/mL (RSD = 1,85), mE%E = 15,04
g/mL (RSD = 0,93), m$4 = 14,87 pg/mL (RSD = 0,95); SPI:

myk = 94 28 IU/mL (RSD = 1,17), mEB%E = 93,25 1U/mL (RSD =

1,13), m$4 = 93,24 IU/mL (RSD = 1,67).

+ Day 2: MTZ: m3% =14 35ug/mL (RSD = 0,70), mEYE =

15 08 ug/mL (RSD = 0,86), m$4 = 14,87ug/mL (RSD = 0,84); SPI:

msR = 94 76 IU/mL (RSD = 0,96), mP¥E = 93,74 IU/mL (RSD =

0,69), m%4 = 91,731U/mL (RSD = 0,26).

Comparison of Mean Results Between Data Sets: The mean
values from the repeatability tests over two days were compared using
the t-test. The calculated t-values were all less than the critical t-value,
indicating that the methods provided highly accurate results across the
different data sets.

* Quantitative Results
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The quantified MTZ content with a confidence interval (o =
0.05) was: 122.06 + 3.62 mg, 124.21 + 2.67 mg, and 123.54 + 2.20 mg
for the SR-PLS, BVE-PLS, and GA-PLS methods, respectively. The
quantified SPI content with a confidence interval (o = 0.05) was:
779,805 £+ 11,446 1U, 774,601 £ 15,712 1U, and 776,592 + 14,223 IU
for the SR-PLS, BVE-PLS, and GA-PLS methods, respectively. The
percentage of content relative to the label claim, as regulated by the
Vietnamese Pharmacopoeia V (acceptable range: 90-110%), shows
that the results in Tables 3.32 and 3.33 are reliable.

The ANOVA comparison of results among the SR-PLS,
BVE-PLS, GA-PLS methods and the reference method shows: For
MTZ, calculated F = 2.20 < critical F = 4.07, p = 0.166 > 0.05,
indicating no significant difference in mean MTZ values across the
groups. For SPI, calculated F = 1.98 < critical F = 4.07, p = 0.196 >
0.05, indicating no significant difference in mean SPI values across
the groups. These results confirm that the developed methods possess
good accuracy.
3.3.4.2 Application of Wavelength Selection Methods for
Simultaneous Determination of IND and AML in Natrixam
Tablets
a. Construction of PLS Models Based on Wavelength Selection
Algorithms

For the calibration set, statistical parameters assessing
accuracy and reliability of SR-PLS, BVE-PLS, and GA-PLS all met
the required standards.

When applied to predict IND and AML contents in
laboratory-prepared samples, all methods provided satisfactory
results, with recoveries close to 100%.

b. Method Evaluation
* Accuracy:

-The recovery for IND and AML using the BVE-PLS method
did not meet the requirements, indicating that the wavelengths selected
by BVE-PLS were not optimal.

- The recoveries for IND and AML using SR-PLS and GA-
PLS met the AOAC criteria.

- Comparison with the HPLC method:
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+SR-PLS: The calculated t-values were 3.88 and 5.17 for IND
and AML, respectively, both greater than t(0.05;4) = 2.78, indicating
statistically significant differences in means.

+ BVE-PLS: The mean value for AML showed significant
difference compared to HPLC.

+ GA-PLS: The quantified values for IND and AML showed
no significant difference compared to HPLC.

* Precision

- Repeatability was evaluated by analyzing Natrixam samples
multiple times. All RSD values were less than half of the Horwitz-
calculated RSD, indicating good precision.

Thus, for Natrixam tablets, only GA-PLS met the
requirements for both accuracy and precision for the simultaneous
determination of IND and AML.

c. Quantitation Results

Quantification using the GA-PLS method yielded: minp = 1.47 £
0.038 mg/tablet; mam. = 4.83 £ 0.080 mg/tablet
3.3.4.3 Application of Wavelength Selection Methods for
Simultaneous Determination of RIF, INZ, and PYR in Turbezid
Tablets
a. Construction of PLS Models Based on Wavelength Selection
Algorithms

In this study, two wavelength selection methods — BVE-PLS
and GA-PLS — were applied to construct calibration models for the
simultaneous determination of rifampicin (RIF), isoniazid (INZ), and
pyrazinamide (PYR) in Turbezid tablets. The models were evaluated
using statistical parameters on the calibration set, including RMSEC,
RMSECYV, R?, and residual distribution assessed by the Shapiro-Wilk
test. Results showed that both methods produced accurate and reliable
models with R? > 0.98 and normally distributed residuals.

On the test set, both models achieved average recoveries close
to 100% and low RMSEP, indicating good predictive ability on real
samples. However, the BVE-PLS model demonstrated higher
repeatability and accuracy, particularly for INZ determination, while
GA-PLS used fewer selected wavelengths, resulting in reduced
sensitivity and larger errors for some analytes.
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b. Analytical Method Evaluation

Regarding accuracy, the recovery values for all analytes were
within the specified range (80-110%) with low RSD, meeting
pharmacopoeial requirements. At low concentration levels, INZ
guantified by GA-PLS showed repeatability below the Horwitz
standard.

Comparison with HPLC results from the testing center
indicated that BVE-PLS provided results comparable to HPLC,
whereas GA-PLS showed significant errors for RIF and INZ.
Furthermore, evaluation against labeled content revealed that only
BVE-PLS met the 90-110% requirement according to the Vietnamese
Pharmacopoeia V, while GA-PLS underestimated INZ.

c. Quantitative results

sing the BVE-PLS method, mrir = 158,11 + 7,42 mg/tablet;
minz = 75,55 £ 2,36 mg/table; mevr = 408,45 + 10,15 mg/table.

3.4 Evaluation and Comparison of the Performance of
Multivariate Analytical Methods
3.4.1 PLS Compared to Other Multivariate Analytical Methods

The comparison of CLS, PCR, and PLS shows that PLS is
generally superior, with lower RMSEP, higher R? and better
recoveries, especially for complex datasets. CLS is the least effective
due to its reliance on pure spectra, which are difficult to obtain,
resulting in large errors. PCR performs comparably to PLS in many
cases; however, PLS can still provide more accurate predictions in
certain situations. Overall, PLS is the most reliable choice, whereas
PCR is suitable only in specific cases.

3.4.2 PLS and Wavelength Selection Methods

Comparing PLS with wavelength selection methods reveals
differing efficiencies. SR-PLS often improves RMSEP in some cases
but shows instability across different drugs. BVE-PLS can sometimes
increase RMSEP by removing important variables, although it may
improve RSD. GA-PLS has the potential to reduce RMSECV and
RMSEC through genetic optimization, but its predictive performance
(RMSEP, RSD) is inconsistent due to parameter dependency. In
general, standard PLS remains the most reliable method with high R?
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and good recoveries, while wavelength selection methods are useful
only in specific applications.

CONCLUSION

Based on the experiments conducted, this dissertation has
demonstrated that the Partial Least Squares (PLS) regression method
combined with UV-Vis absorption spectroscopy can be developed and
applied for the simultaneous quantification of active pharmaceutical
ingredients (APIs) with overlapping spectra in drug formulations.

(1) The dissertation successfully established PLS models for
two- and three-component systems (MTZ-SPI, AML-ATO, SPR-—
FUR, IND-AML, RIF-INZ-PYR) using calibration data designed by
CCD. The selection of the number of latent variables based on the
PRESS criterion allowed optimization of the models, with the number
of latent variables ranging from 2 to 7.

(2) Validation parameters (RMSEC, RMSECV, RMSEP, Rz,
residual analysis, recovery, repeatability) all met the required
standards: RMSE < 5% of the average concentration; residuals
followed a normal distribution (Shapiro-Wilk p > 0.05); R?
approximately 1; recoveries within 90-110% (AOAC). The t-test
indicated no statistically significant difference between the results
obtained by PLS-UV and the standard HPLC method (p > 0.05).

(3) The method was applied to quantify APIs in commercial
tablets including AgimDogyl, Zoamco-A, Spirosemid-40, Natrixam,
and Turbezid. The quantified contents were all within the acceptable
limits according to the Vietnam Pharmacopoeia V.

(4) Comparison with other regression algorithms showed that
PLS exhibited superior accuracy, owing to its better ability to
eliminate noise compared with PCR and CLS.

(5) The dissertation proposed and standardized a practical
PLS-UV workflow for systems with overlapping spectra and
successfully investigated variable reduction mechanisms using SR,
BVE, and GA algorithms for optimal wavelength selection. This
approach reduces the number of input variables without compromising
model quality.
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In conclusion, PLS combined with UV-Vis spectral data is a
feasible, low-cost method that can serve as an alternative to HPLC in
suitable cases for multicomponent quantification in pharmaceuticals.

RECOMMENDATION

1. Continue developing and validating the PLS method
combined with UV-Vis absorption spectra across various dosage
forms and active pharmaceutical ingredients, particularly those with
overlapping absorption spectra. This aims to evaluate the method’s
broad applicability, accuracy, and reliability in drug testing, moving
toward practical implementation in pharmaceutical production and
quality control.

2. Expand and test multiple wavelength selection strategies to
improve the efficiency of PLS models. Diversifying variable selection
methods will enhance accuracy, reduce complexity, and shorten
computational time in spectral analysis.

3. Investigate the integration of machine learning and deep
learning techniques for processing and predicting absorption spectral
data. This approach has strong potential to maximize information
extraction from spectral data while improving modeling capability,
accuracy, and generalizability of non-separative quantitative analysis
methods.

4. Develop software tools: create a laboratory analysis
application (e.g., Shiny/R web app) to input UV-Vis spectra,
automatically build PLS models, perform evaluation and validation,
and generate reports — thereby increasing practical applicability and
facilitating technology transfer to QC/QA laboratories.

LIST OF PUBLICATIONS
1. Nguyen Duy Luu, Le Van Thuan, Nguyen The Khang, Nguyen
Hung Nhat Duy, Pham Phu Quoc, Vo Thi Thanh Truc, Nguyen Dinh
Luyen, Tran Thuc Binh (2025). Backward variable elimination
algorithm, Principal Component Regression, Partial Least Squares:
simultaneous determination of Rifampicin, Isoniazid, and
Pyrazinamide in tablets, Journal of Science and Technology,
University of Science, Hue University, Volume 28, Issue 2, pp. 1-15.

24



2. Nguyen Duy Luu, Nguyen Thi Thanh Tram, Pham Phu Quoc,
Nguyen Hung Nhat Duy, Nguyen Dinh Luyen, Tran Thuc Binh
(2024), Simultaneous determination of Amlodipine and Atorvastatin
in multi-component pharmaceuticals using UV-Vis spectroscopy
combined with multivariate analysis, Hue University Journal of
Science: Natural Sciences, Volume 133, Issue 1C, pp. 39-52.

3. Nguyen Dinh Luyen, Nguyen Quynh Giao, Pham Phu Quoc,
Nguyen Hung Nhat Duy, Nguyen Duy Luu, Tran Thuc Binh (2024),
Wavelength selection method for UV-Vis spectra combined with
partial least squares for simultaneous determination of Amlodipine
and Indapamide in tablet form, Journal of Chemical, Physical and
Biological Analysis, Volume 30, Issue 2A, pp. 1-12.

4. Nguyen Duy Luu, Tran Thi My Duyen, Nguyen Dinh Luyen, Tran
Thuc Binh (2024), A novel method of the simultaneous determination
of Spironolactone and Furoseimide in pharmaceutical tablets, Journal
of Analytical Chemistry, Vol. 79, No. 7, pp. 923-933. (SCIE, Q3, IF =
1,0). https://doi.org/10.1134/S1061934824700291

5. Nguyen Duy Luu, Nguyen Hung Nhat Duy, Pham Phu Quoc,
Nguyen The Khang, Le Thanh Huyen, Nguyen Dinh Luyen, Tran
Thuc Binh (2025), Simultaneous quantification of Metronidazole and
Spiramycin by Ultraviolet-Visible method: Comparison of
wavelength selection techniques, Journal of Analytical Chemistry,
Vol. 80, No. 6, pp. 1005 — 1016. (SCIE, Q3, IF = 1)0).
https://doi.org/10.1134/S1061934824605486

25


https://doi.org/10.1134/S1061934824605486
https://doi.org/10.1134/S1061934824605486

—DeKec— o=
PAI HOC HUE
TRUONG PAI HOC KHOA HOC

Nguyén Duy Luu

NGHIEN CUU XAC PINH PONG THOI
MOQT SO DUQC CHAT CO PHO HAP THU UV-VIS
XEN PHU NHAU BANG PHUONG PHAP BINH
PHUONG TOI THIEU RIENG PHAN

Nganh: Hoa phan tich
Ma so6: 9440118

TOM TAT LUAN AN TIEN ST HOA PHAN TiCH

Nguoi hwéng dan khoa hoc:
1. PGS.TS Tran Thuc Binh
2. PSG.TS Nguyén Pinh Luyén

? ?

HUE, NAM 2025

— = e Kec—= o= —




Cong trinh dugc hodn thanh tai: ...

NOP TAL: 1ottt ee e



MO PAU

Theo mét bao cao cua To chie Y té Thé givi (WHO) Vao nam
2017, woc tinh 1 trong 10 san pham y té luu hanh tai cac qudc gia cd
thu nhap thap va trung binh 1a san pham kém chat luong hoac gia mao.
Diéu nay c6 nghia 1a moi ngudi dang sir dung céc loai thudc khdng thé
diéu tri hodc phong ngira bénh. WHO da xac dinh rang cac san pham
thubc gia c6 thé chiém khoang 50% thi truong thudc trén toan cau;
nhiéu trong sé nay xuét phat tir cac qudc gia dang phat trién. Theo cac
bao cao gui téi WHO tir 20 qudc gia khac nhau, phan Ién céc loai
thudc gia roi vao mot trong ba nhom sau: (1) cac san pham khéng chua
thanh phan hoat chat: khoang 30%; (2) c4c san pham chia ham lugng
hoat chat khéng chinh xac: khoang 20%; va (3) cac san pham chira sai
thanh phan: khoang 20%. Chinh vi vay, Kiém soat chat lugng (Quality
Control - QC) 1a mét yéu t6 thiét yéu va khong thé thiéu trong linh vuc
san xuét, luu thong, va sir dung thuéc Vi sy phat trién manh mé cua
nganh cong nghiép duoc pham, yéu cau vé chat lugng thudc ngay cang
tré nén khat khe hon. Cac co quan quan ly duogc pham trén toan thé
gidi, bao gdm Cuyc Quan Iy Thyc pham va Dugc pham Hoa Ky (FDA),
Co quan Dugc pham chau Au (EMA), va cac co quan quan ly khac,
déu nhan manh sy can thiét cua viéc kiém soat chét 1u0’ng nghlem ngat
trong sudt qua trinh san xuat va phan phdi thudc. Piéu nay nham dam
bao rang cac san pham thudc khong chi dat dugc cac tiéu chuan vé
hiéu qua diéu tri ma con dam bao an toan tuyét ddi cho nguoi sir dung.

V6i sy da dang va phic tap cia cac san pham duoc pham hign
nay, nhu cau phét trién cac phuong phap phan tich nhanh chong, chinh
xac va tin cay la mot doi hoi tat yéu. Hién nay, trong cac chuyén luan
vé phan tich cac hoat chat trong dugc pham dugc quy dinh trong Dugc
dién, hau hét 1a cac quy trinh phan tich riéng I&, diéu nay doi hoi qua
trinh phén tich phai kém theo qua trinh tach chiét cac thanh phan néu
la thudc da thanh phan; lam cho qua trinh phan tich ton nhiéu thoi gian,
quy trinh phirc tap, ton kém vé hoa chét. Trong khi d6, phan tich dong
thoi khong chi gidp tiét kiém thoi gian va chi phl ma con giam thiéu
sai s6 do qua trinh tach chiét cac thanh phan. Van dé nay dat ra cho
cac nha quan Iy sy can thiét phai nghién cutu, cai tién va phat trién
nhiéu phurong phéap phan tich dong thoi nham tang hidu qua trong cong
tac quan ly chét luong.
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C6 thé thay rang, nhém cac phuong phap phan tich hoa ly ngay
cang dugc phat trién va tmg dung manh mé trong phan tich thudc,
trong s6 cua cac phuong phap nay chiém hau hét trong cac chuyén
luan phan tich; Cac wu diém rd rang clia cac phuong phap nay di duoc
chira: c6 d dung, do chinh xac, d¢ tin cay cao. Tuy nhién, cac phuong
phap nhu sic ky long hiéu ning cao, sic ky khi, phuong phap khdi
phé... déu la céc thiét bi phtrc tap, dit tién, quy trinh phan tich khat
khe va yéu cau sy van hanh boi cac chuyén gia c6 k¥ nang cao. Trong
bi canh d6, phuong phap UV-Vis c6 thé khic phuc duoc cac nhugc
diém cua cac phuong phap phan tich d6. Mot van d& kho khin trong
phuong phap UV-Vis 1a d6i v6i mau thudc da thanh phan va cé phd
xen phu nhau hodc anh huong cua tap chat, t dugc co trong miu thi
phuong phép UV-Vis thuorng gap kho khan trong viéc xac dinh chinh
xac ham luong cta cac chat c6 trong mau.

Nam 1972, Swede Svante Word va Bruce R. Kowalski da gidi
thiéu thuat ngtr chemometric, dugc dinh nghia la nganh hoa hoc sir
dung cac phuong phap toan hoc va thong ké dé thiét ké hozc lya chon
cac quy trinh do ludng, t6i wu hoa thi nghiém va dé cung cip t6i da
héa thdng tin héa hoc bang cach phan tich dit liéu hoa hoc. Tur nhitng
nam 1980 v6i sy xuat hién may tinh c& nhan bit diu cho mot ky
nguyén mai cho viéc thu thap, xtr ly va giai thich dir liéu héa hoc. Va
cho dén nay, toc do phét trién vo cling manh mé& caa khoa hoc may
tinh cung vai cac md hinh Al cho phép viéc xir Iy cac dir liéu tré nén
dé dang hon, chinh xac hon . Chinh diéu nay dem lai nhiing loi thé
khong nho cho viéc hinh thanh, cai tién va phét trién cac phuong phap
phan tich. C4c bét lgi ciia phuong phap phan tich quang phd UV-Vis
c6 thé duoc giai quyét mot céch triét dé, chinh xac khi két hop giira
cac dit liéu quang phd véi cac mo hinh toan hoc [15]. M6t loat cac mo
hinh toan hoc duoc ap dung vao trong xu Iy dir lieu quang phod bao
gom tur cac phuong phap binh phuong ti thleu cb dién (CLS), binh
phuong tol thiéu nghich dao (ILS), hoi quy cau tir chinh (PCR), binh
phuong tdi thiéu riéng phan (PLS) cho dén nhitng phuong phap ap
dung trong mo hinh hoc may (machine learning) nhu mang notron
nhan tao (ANN), may vecto hd tro (Support vector machine - SVM),
thuat toan di truyén (GA) ...



Khi chung ta do d¢ hap thu UV caa mét dung dich, c6 thé dé
dang do duogc toan bo phd ciia nd mot cach chinh xéc va nhanh chong
v6i d6 nhidu thap so véi do phd cua né & mot budc song riéng 18. Phd
hip thy thu dugc khi do mau chung ta c6 dugc thong tin cua toan bo
cac chat c6 trong mau va sy tuong tac giita c4c thanh phan trong mau
phan tich, diéu nay la mét loi thé hon han trong phan tich don bién —
ching ta chi c6 dugc thong tin caa 1 thanh phan ma bo qua sy tuong
tac giita cac chat vai nhau khi chiing ciing ¢6 mat trong mat hén hop.
Pay 1a mot trong nhitng loi thé cua phan tich da bién.

Mo hinh PLS thuong duoc trinh bay 14 ki thuat hdi quy chinh
dugc sir dung khi ¢6 dit liéu da bién. Su thanh cong trong cac linh vic
QSAR, khoa hoc y sinh (metabolomic), khoa hoc do ludng dic diém
tam 1y con nguoi (Psychometrics) khi ap dung mo hinh PLS ; sau do
la ap dung trong céc linh vuc quang phd nhu phd hong ‘ngoai gan
(NIR) phé Raman, pho UV-Vis hoic cac phuong phép sic ky, dién
hoa dé noi 1én duoc tim quan trong cua phucrng phap nay trong viéc
xt ly di liéu va tinh toén két qua. Cac loi thé caa md hinh PLS bao
gom: giam chiéu dir liéu, xtr ly vin dé da cong tuyén, loai bo anh
huong cua nhiéu, c6 thé phan tich mot chat riéng I& trong hdn hop ma
khong can phai biét tat ca cac thong tin cia mau phan tich.

Dic biét, trong phan tich dugc phdm hdn hop ¢6 phd UV-Vis
xen phu, PLS cho phép xac dinh dong thoi ham lwong cua nhiéu hoat
chat ma khdng can tach chiét, bang cach xay dung md hinh hoi quy tir
dit liéu pho va nong do chuan. Nhor d6, phuong phap PLS két hop pho
UV-Vis khong chi gitp phan giai chong pho, ma con ting do chinh
X&c, giam chi phi va rat ngin thoi gian phan tich. Cac uu diém vuot
troi nay khién phuong phap tré thanh huéng nghién ciru c6 ¥ nghia
thuc tién cao trong kiém soat chat luong thude da thanh phan.

Vi nhiing i do trén, ching t6i chon dé tai luan an 1a “Nghién
ciru xac dinh déng thoi mat sé dwgc chit c6 phé hap thu UV-VIS
xen phii nhau bing phwong phap binh phwong téi thiéu riéng
phan”.



Chuwong 1. TONG QUAN TAI LIEU
1.1. Phuong phéap quang ph uv-vis
1.2. Phuong phap chemometrics
1.3 Mot sé phuong phap phan tich da bién
1.4 Tong quan vé ap dung phuong phap pls két hop cac phuong phap
pho trong phan tich cac chat
1.5 Gigi han phét hién trong phan tich da bién
1.6 Lua chon buéc song trong phan tich quang ph
1.7 Gidi thiéu Amlodipin besylat, Indapamid, Atorvastatin calcium,
Spironolacton, Furosemid, Rifampicin, Isoniazid, Pyrazynamid,
metronidazol, spiramycin.

Chuong 2. NOI DUNG VA PHUONG PHAP NGHIEN CUU
2.1. Ngi dung nghién cau
Dé dat duoc muc tiéu dé ra, luan an trién khai cac noi dung nghién ctu
chinh sau day:
- Xay dyung md hinh dinh luong da ciu tir bang PLS-UV cho hé hai
va ba thanh phan c6 phd hap thu xen phu; thiét ké tap hiéu chuan theo
phuong phap CCD, lya chon bién tiém an theo tiéu chuin PRESS va
tham dinh md hinh qua céc chi tiéu théng k& (RMSEC, RMSECYV,
RMSEP, R, phan tich phan du, do thu héi, do lap lai).
- Ung dung md hinh PLS-UV vao miu thuc: dinh lwong dong thoi cac
hoat chit trong thudc thuong mai (AgimDogyl, Zoamco-A,
Spirosemid-40, Natrixam, Turbezid) va so sanh két qua véi phuong
phép HPLC chuan bang kiém dinh t.
- So s&nh hiéu ning ciia PLS véi cac thuat toan hdi quy khac (PCR,
CLS) nham d4nh gia wu thé va kha nang khtr nhiéu ctia PLS trong phan
tich da cau tir tir dit liéu phdé UV-Vis.
- T6i wu hoa lwa chon bién dau vao cho PLS bang cac thuat toan hién
dai (SR, BVE, GA) dé rat gon pho hap thy, giam s bién nhung van
dam bao hodc néng cao d¢ chinh xac du bao.
- Pé xuit va chuan hda quy trinh tng dung PLS két hop. phd UV-Vis
cho phan tich da cAu tir trong dugc pham, 1am co s trién khai trong
cong tac kiém nghiém QC/QA.
2.2. Phuong phap nghién ctru
2.2.1. Thiét ké thi nghiém
2.2.2. Phuong phap tham dinh chéo
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2.2.4. Gidi han phat hién trong mé hinh PLS
2.2.5. Lya chon budc song bang phuong phap ti 18 chon loc trong
PLS
2.2.6. Lya chon budc song bang phuong phap loai bo bién nguoc
trong PLS
2.2.7. Lya chon budc song bang phuong phap thuat toan di truyén
trong PLS
2.3 Thuc nghiém
Chuwong 3. KET QUA VA THAO LUAN

3.1 Thiét ké thi nghiém va tinh chit quang phé ciia cac hoat chit
can nghién ciu

Nong d6 cac chat trong tap hiéu chuan dé xay dyung cac mé hinh
dugc thiét ké theo CCD, véi ndng d6 tam tuong tng Véi ti 18 nong do
ctia cac hoat chit c6 trong cac mau thudc. Phd héap thu caa cac don
chit trong cac mau phan tich c6 su xen phii nhau 16n, thé hién trong
hinh 3.1

6 hdp thy UV ciia cac don chét INZ, RIF va PYR
nz
.
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Hinh 3.1. Phé hap thu ciia cde don chat trong cac mau thuoc

3.2 Phuwong phap PLS két hop phé hap thu UV-Vis
3.2.1 Két qua thuat toan PLS
3.2.1.1 Biéu do diém trong mo hinh PLS

Phuong phap PLS la phuong phap ma di li¢u thuc dugc thu
gon trong mot khong gian bién tiém an. Cac bién tiém an duogc dai
dién 1a mot ma tran diém (scores), ddy 1a dit liéu khéi quét cho dit liéu
gdc ban dau vai s6 chiéu da giam tir 401 (budc song) con 25 (thanh



phan chinh), mdi thanh phan chinh tuong @ng véi 1 chiéu khong gian
maoi.

e 3 (000730 e T 00854 ) PeLE

Hinh 3.2. Biéu do diém cua 12 bién tiém dn dau tién cia MTZ vasSPI

Biéu d6 diém trong hinh 3.2 cho thdy mé hinh PLS c6 thé
tach dir liéu gbc ban dau thanh céc dit liéu trong khong gian bién
tiém an PLS va giai thich dugc mdi lién quan giira thong tin vé nong
d6 cua chat phan tich voi tién tiém an; ddng thoi giai thich duoc cac
yéu t6 nhiu trong dit liéu.
3.2.1.2. Hé sé tdi (P), hé s trong sé tai (W), hé sé chiéu (Pproj) Cria
phé va hé sé hoi qui ciia mo hinh PLS

Phé cua vector chiéu dir liéu quang phd 1én khong gian bién
tiém 4n cia MTZ va SPI thé hién dugc su déng dang véi phé cua don
chit (bién tién 4n thir 1) cho thay c6 thé giai thich dwoc tinh chét dic
trung cta mdi chét trong hdn hop ban dau. Khi s bién tiém an 16n,
dugc phd dao dong manh cho thiy su khong chic chén, ¢ thé do nhiéu
trong dir liéu gdc. Pidu niy cho thdy rang tam quan trong ctia sd lugng
bién tiém an duoc gift lai dé xady dyng mo hinh hoi qui trong mo hinh
PLS 1a rat quan trong. Diéu nay ciing phu hop véi duong cong cua he
s6 hdi qu1 thé hién mdi quan hé giita bién doc lap voi nong do khi sb
bién tiém an 16n thi mic d6 dao dong ctia hé sb hoi qui cling rat manbh,
chung té khi su thay 601 nho cua dit lidu trong cac bién tiém an c6 thé
dan dén su thay ddi rat 16n vé nong do.



- Hinh 3.3. Phd cia
¥ cac vector chiéu dir
T e R fcsmgtm liéu quang phé géc
| Ién khong gian tiem
i~ dnPLS cia MTZ va
SPI1 véi 4 bién tiem
T aom T e an déu tién.
3.2.2 Két qua xéac dinh s6 bién tiém an trong mo hinh PLS
3.2.2.1 Chon sé bién tiém én dia vio gia tri PRESS nho nhat i
Hinh 3.4. Biéu
b gia tri
PRESS trong
mo hinh PLS

5 \

= : : cua MTZ va
5 0 15 0 25 5 1 185 ) 25

86 bién 6m 3n 56 bién BAm dn SPI

Biéu do PRESS cia MTZ cho mé hinh PLS Biéu dd PRESS ciia SPI cho mé hinh PLS

20 40 60 80 100
E:
© 2000 4000 600D

Ket
qua ciia m6 hinh PLS da thu gon dir liéu gdc ban dau thanh 25 bién
tiém an, tuong img voi mot bién an co 1 gia tri PRESS. Trong m6 hinh
nay, gia tri PRESS nhé nhit tuong tmg véi MTZ va SPI lan luot 13 4
va 19.
3.2.2.2 Chon s6 bién tiém an dya vdo kiém dinh théng ké cho tap hiéu
chudn

Theo Haaland va Thomas, gid tri ti I¢ F & bién tiém an nho
nhét c6 x4c suat nho hon 0,75 duge chon 1am bién tiém an dé xay dung
mb hinh PLS. Céc gia tri phan trim xAc suét p trong phan phdi Fisher
duoc tinh véi bac tu do bﬁng s6 mau hiéu chuin 1a 27 cho ca ti va
mau. Két qua sb bién tiém an duoc chon dé xay dung mo hinh PLS
d6i v6i MTZ va SPI lan lugt 13 3 va 8
3.2.2.3 Lura chon s6 bién tiém an dua vao kiém dinh théng ké cho tap
kiém tra

Tuong ty cach chon bién tir gia tri PRESS cho tép hiéu chuan,
gia tri F cling dugc tinh dé so sanh lua chon bién trén tap kiém tra. Két
qua cho théy s6 bién tiém 4n duge chon cho MTZ va SPI 1an luot 1 2
va’T.
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3.2.3 Két qué danh gia md hinh PLS d@é x4c dinh dong thoi MTZ

va SPI

Bang 3.1. Két qua cac thong sé thong ké cia mé hinh PLS cho MTZ
va SPI ¢ cac bién tiém an diroc chon

S6 bién tiém an n=2 n=3 n=4 n=7 n=8 n=19

RMSECV (png/mL) 0540 0,474 0,446 1,60 1,46 1,37
RMSEC (ug/mL) 0,483 0,407 0,347 0,294 0,294 0

Shapiro- w 0928 0921 0,89 0977 0,960 -
Wilk p 0,061 0,043 0,011 0,789 0,373 -

R? 09894 0,9925 0,9945 0,9995 0,9999 1
LODmn (Mg/mL) 0,926 0,867 0816 2,63 273 118
LODmax (Mg/mL) 1,02 1,14 1,07 319 329 150

M6 hinh PLS dugc danh gia qua cac tham s6 RMSECV,
RMSEC, phan tich phan du, hé sé xac dinh, giéi han phat hién. Két
qua cho thdy, MTZ c6 s6 bién tiém 4n bang 2 cho cac gia tri thong ké
phu hop trong khi d6 SPI 1a 7. Gia tri RMSE < 5% so véi nong do
trung binh, phan du c6 phan phéi chuan, hé sé xac dinh R? > 0,99. M6
hinh PLS d4 xdy dung c6 LOD thép cho thdy mé hinh c6 thé xac dinh
dugc mét lugng nhd ham lugng cac chét can phan tich.

Tu mo hinh PLS da xay dung duogc st dung dé du doan néng
dd ctia cac mau trong tap kiém tra co céc ti 16 néng d0 khac nhau duoc
chuan bi trong phong thi nghiém, két qua c6 d6 thu hdi trung binh cua
MTZ va SPI lan luot 14 100,9% va 99,3% vdi gia tri RSD% tuong (g
1a2,06% va 1,658%, phu hop véi quy dinh ciia AOAC; gia tri RMSEP
nhé hon 2% cho thiy mé hinh ¢6 hiéu qua du doan rat tot.

3.2.4 Két qua thim dinh phuong phap PLS két hop phd hap thu uv-vis
dé dinh luong dong thoi MTZ va SPI.
3.2.4.1 Panh gia doé dung

Do dung cta phuong phap PLS di xay dung dé dinh luong
dong thoi MTZ va SPI dugc danh gia qua hai cach:

Céch 1: danh gia qua do thu hdi bang cach thém chuin MTZ
va SPI 1an luot & 3 muc thip — trung binh — cao. Két qua cho thiy do
thu hdi trung binh tuong Gng v6i 3 mic cho MTZ 1an luot 1a 93,0%
(RSD = 3,08); 98,6% (RSD = 1,50) va 96,3% (RSD = 1,01), vdi SPI
14 100,2% (RSD = 1,05); 101,4% (RSD = 2,08) va 104,9% (RSD =
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0,71), két qua nay phi hop véi quy dinh ciia AOAC cho mirc néng do
du6i 100 pg/mL 1a tir 90-107%.

Céch 2: so sanh v6i phuong phap HPLC déi véi dinh luong
MTZ va phuong phap vi sinh d6i vi dinh lugng SPI theo qui dinh ciia
Dugc dién Viét Nam V. Két qua cho thiy gié tri trung binh giita hai
phuong phap khong co su khac biét c6 ¥ nghia thong ké (p > 0,05)
3.2.4.2 Danh gia dj chinh xac

Do chinh xac dugc danh gia thong qua d6 lap lai dugc thyc
hién trong hai ngay khac nhau, mdi ngay duogc lam lap lai 6 1an giéng
nhau bit dau tir can mau. Ngay 1: ifyr, = 14,96 pg/mL (RSD =
1,303%), ffigp; =88,86 IU/ML (RSD = 1,511%); ngay thit 2 iy, =
14,98 pg/mL (RSD = 1,275%), ffigp; = 88,06 IU/ML (RSD =
0,907%). Két qua cac gia tri RSD déu nho 5,3 (AOAC), diéu nay cho
thdy két qua phan tich cho do lap lai tot.
3.2.5 Két qua dinh lwgng MTZ va SPI trong vién nén Agimdogy!

Két qua dinh luong MTZ va SPI trong vién nén AgimDogyl
véi ham lwong 125mg/7500001U myrz =124,38 + 1,26 mg va msp) =
735971 + 3370 IU. Két qua cho thay, ham luong cia MTZ va SPI déu
nam trong gidi han theo quy dinh cua Dugc dién Viét Nam V.
3.2.6. Ung dung phuwong phap PLS dinh lwong dong thoi cac hoat
chét trong thudc da thanh phin
3.2.6.1 Déi véi thuéc 2 thanh phan
a. Xay dizng md hinh PLS cho cac thuac 2 thanh phan

Bang 3.2. Cac thong so thong ké danh gid cdc tdp hiéu chuan
Spirosemid, Zoamco-A va Natrixam bang phuwong phdp PLS

Spirosemid Zoamco-A Natrixam
SPR FUR _AML ATO IND _AML
Khoa“%nbr;’)"c SONg 200 - 400 230-260 200 - 400
Khoing quét (A%) 05 02 02
n 2 2 3 2 Z 2

RMSECV (ug/mL) 0,190 0212 0,129 0,489 0,128 0,385
RMSEC (ug/mL) 0,260 0,280 0,057 0314 0,109 0,354
Shapiro- W  0,8842 10,9742 0,9062 0,8676 0,9093 0,8871
Wilktest p 01747 09278 02903 0,116 0,2395 0,128

R? 0,9980 0,9977 0,9991 0,9929 0,9902 0,9992
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LODmn (ng/mL) 0,375 0,272 1,00 469 0,269 1,263
LODma (hg/mL) 0,420 0320 1,06 483 0338 1,708

Cac md hinh PLS cho cac tap hiéu chuan Spiromid-40,
Zoamco-A, Natrixam d duoc xay dung va cac gia tri théng ké da duoc
tinh va thé hién trong bang 3.12. Cac két qua cho thiy cac tham sé
thong ké dé danh do chinh xac cia mé hinh déu dat yéu cau va duoc
str dung dé xac dinh dong thoi cac chat c6 mat trong cac mau thube
hai thanh phan.

Ap dung mé hinh PLS dé dinh lugng cac thanh phan trong céc
mau kiém tra. D thu hdi caa SPR va FUR: 92,8-106,3%, 97,0-
108,0%; cua AML va ATO: 97,3-104,5%, 98,0-105,2%; cua IND va
AML: 96,9-103,9%, 97,3-106,3%. Cac gia tri RMSEP nho hon 2%
hoac trong khoang 2-5%.

b. Két qua ddanh gid mé hinh PLS dp dung dinh hrong dong thoi cac
hogat chdt trong thudc hai thanh phan

Panh gia do ding: DI véi thude Spirosemid do thu hoi cua
SPR va FUR nam trong khoang 98,4 — 107,8% va 101,4 — 105,3%; ddi
vai thudc Zoamco-A do thu hoi caa AML va ATO lan luot 12 101,6 —
108,1% va 99,1 — 107,2%, ddi véi thude Natrixam d6 thu hoi caa IND
12 96,7 — 104,7% va cua AML la 101,1 — 104,6%.

Panh gia @6 lap lai: Bi voi thube Spirosemid: SPR: mrg =
9,76 pg/mL (RSD = 2,54), FUR: mrg = 7,76 pg/mL (RSD = 2,18);
Déi véi thudc Zoamco-A: AML ¢6 mrs = 10,44 ug/mL (RSD = 1,48),
ATO c6 mrg = 20,81 pg/mL (RSD = 2,49); Déi voi thudc Natrixam:
IND c6 mrs= 4,35 pg/mL (RSD = 1,32), AML ¢6 mrg = 14,45 pg/mL
(RSD =0,65).

Két qua danh gia mo hinh PLS dé xac dinh ddng thoi cac hoat
chat trong thudc Spirosemid-40, Zoamco-A, Natrixam déu dat yéu cau
vé do dung va do chinh xac
c. Két qua dinh lwong

DPéi véi vien nén Spirosemid: mspr = 49.65 £ 3.21 mg/vién;
Mrur = 39.39 + 1.93 mg/vién; Di véi vién nén Zoamco-A: MamL =
5.23 + 0.24 mg/vién; mato = 10.39 £ 0.77 mg/vién; DSi véi vién nén
Natrixam 1,5/5: mno = 1.47 £ 0.05 mg/vién; mame = 4.83 = 0.10
mg/vién vai do tin cay 95%. Ham luong phan tram so véi ham lugng
ghi trén nhan cua c4c thudc ciing di dwogc tinh. Ham luong % ghi trén
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nhén cua c&c hoat chat trong cac thude déu nam trong khoang quy dinh
tir 90 — 110% ctia Dugc dién Viét Nam.

So sanh gia tri trung binh két qua phan tich bang phwong phap
PLS va phuong phap HPLC cho thay cac két qua khong khac nhau c6
y nghia thong k& (tinn < thing = 2,775).
3.2.6.2 DPéi véi thuéc co 3 thanh phan
a. Xay ding md hinh PLS cho cac thudc 3 thanh phan

Céc tham s6 thdng ké da duoc tinh dé danh gia kha nang hoat
dong caa mé hinh PLS, két qua duoc trinh bay trong bang 3.18.

Ap dung mé hinh PLS da xay dung dé xac dinh nong do RIF,
INZ va PYR trong cac mau dugc chuan bi trong phong thi nghiém. Do
thu hdi trung binh lan luogt 13 100,0%, 101,5% va 100,2% twong &ng
voi RIF, INZ va PYR, céc gia tri RMSEP nho ching to kha nang du
doan cua phuong phap PLS két hop phd UV-Vis tét, c6 thé ap dung
dé dinh luong ddng thoi RIF, INZ va PYR trong cac mau thubc da
thanh phan.

Bang 3.3. Cac thong so thong ké danh gid cdc tdp hiéu chuan bang

phuwong phdap PLS
RIF INZ PYR
Khoang buéc song (nm)  220-440 220 -425 220 - 300
Khoang quét (AL) 0,5
Sé bién tiém an 3 4 3
RMSECV (ug/mL) 0,136 0,227 0,367
RMSEC (ug/mL) 0,107 0,184 0,317

W 0,9825 0,9816 0,9452

Shapiro-Wilk test p 0,888 0,8661 0,1254

R? 0,9944 0,9836 0,9929
LODnmin (Hg/mL) 0,43 0,87 1,30
LODax(g/mL) 0,45 0,97 1,35

b. Két qua déanh gid mé hinh PLS dp dung dinh lrong dong thoi cac
hoat chdt trong thudc hai thanh phan

Ap dung phuong phap PLS két hgp phd UV di xé4c dinh duoc
nong d6 cua RIF, INZ va PYR trong cac mau véi do thu hoi lan luot
la 97,6%-102,4%, 95,4 — 108,2%, 95,9 — 102,1%. Két qua nay phu
hop véi quy dinh cuia AOAC.
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Gia tri trung binh cua RIF, INZ va PYR trong danh gia d6 lap
lai ngay thu 1 lan luot 14 9,13, 4,57 va 24,53 pug/mL; trong danh gia
d6 13p lai ngay tha 2 1an luot 12 9,10, 4,60 va 24,41 ug/mL. Két qua
danh gia d6 lap tét, gia tri RSD (%) déu nho hon gia tri RSD tinh theo
ham Horwirtz. So sanh két qua trung binh giira 2 lan thuc hién ciing
cho thay gia tri trung binh khong c6 su khac biét co y nghia thong ké
VGi tiinn < thing. Nhur vay phurong phap phén tinh dap tmng yéu cau vé do
chinh x&c.

c. Két qua dinh lwong

mrir = 154,11 £ 6.36 mg/vién; minz = 77.39 + 2.74 mg/vién;
meyr = 407.83 + 10.40 mg/vién. Phan tram ham lwong so voi ham
lwong ghi trén nhan lan luot 1a 102,7%, 103,2% va 102,0%, két qua
nay phi hop véi quy dinh ciia Duoc dién Viét Nam V.

Két qua so sanh gia tri trung binh gitra hai phwong phap cho
thy két qua trung binh x4c dinh RIF, INZ v PYR bing phuong phap
PLS két hop phé hap thu UV-Vis khong c6 su khac biét dang ké so
voi phuong phap HPLC.

3.2.7 Két ludn phuong phap PLS

Chung t6i dé xuit mot qui trinh chung dé sir dung phuong
phap PLS két hop phé hap thu UV-Vis de dinh lugng dong thoi cac
chat cho phd xen phu nhau, qui trinh bao gom 2 giai doan:

* Giai doan 1: huan luyén mé hinh PLS:

Lira
L _R_=

v
Thigt k& thi Chay md RMSECV
nghigm €CD hinh PLS ¥ X RMSEC
RMSEP
Phén tich phan du
R
LoD
Rev (%) mau PTN

2o
El

k333
3=

Bo phé: A.csv Model PLS
Core = Anfinbnxs + Emxa

o =&

Thim dinh mé hinh PLS:

- D ding: danh gid d§ thu
hbi, so sénh phuang phép tham
chigu

- B9 lp lai

* Giai doan 2: Xac dinh ndng do chat phan tich trong mau thuc
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4.3

| |
IR
Can 20 vién, . o
tinh Mg yisq \/-
Can m (g) bot Thém MeOH Siéu am 5 phut
vd 50 mL

l

dir liéu: A™¥.csv dm vd 10 mL
Model PLS .| Kétqua: Panh gid % so véi
Cpre = Antnbnxa + Emx1 \ HLGTN v&i DBVN V

3.3 Lwa chon bwdrc song trong PLS

3.3.1 Lua chon budc séng bang phuong phap ti 18 chon loc két hop
binh phuong t6i thiéu riéng phan (SR-PLS)

3.3.1.1 Két qud tinh SR cho méi buéc song

I 4 chon loc trang mé hinh PLS cho MTZ 14 chon loc rang mé hink PLS ¢ho SP1
241 75

Bube séng (rm)

Hinh 3.5 Két qua xdc dinh céc gia tri SR cho MTZ va SPI trong mb

hinh PLS da xdy dung.
Dbi véi MTZ, gia tri SR 16p tap trung & khoang budc song tir
250 dén 350 nm. Déi véi SPI, gia tri SR trong khoang budc séng 210
dén 247 nm I6n hon réat nhidu ddi véi cac budc séng con lai (hinh 3.9).
banh gia tuong tu vai IND va AML trong vién nén Natrixam
1,5/5. Két qua danh gia gia tri SR tai cac budc song khac nhau cia mdi
chat IND va AML duoc thé hién trong hinh 3.10. Két qua cho thay
rang, & khoang buéc song trén khoang 320 nm gi4 tri SR cua IND kha
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nhé phi hop véi thuc té IND don chéat khdng hap thu trong khoang
budc séng nay, trong khi do, dbi voi AML thi gia tri SR & trong khoang
320 — 400 nm c6 gia tri rat 16n trong khi khoang budéc séng con lai gia
tri nay rat nho.

T11& chon loc trong mé hinh PLS cho IND T1 K chon loc trong mé hinh PLS cho AML
288 &

b

Butc song (nm)

song (i

Hinh 3.6. Két qua gid tri SR cho IND va AML
3.3.1.2 Lwa chon cdc buéc song quan trong trong phuwong phdp SR
Bang 3.4. Két qua lwa chon buée séng theo phirong phép SR cho
MTZ va SPI trong md hinh PLS

sb bude

Thuéc Thanh S6 bude song dugc s6ng ti 1é
X J 0
phan chon ban dau (%)
181 (252 - 338,5 va 0
AgimDogyl  MT# 200 — 203 nm) 401 45,1%

SPI 74 (211 — 247,5 nm) 401 18,4%

IND 569 (200 — 313,6 nm) 1001 56,8%

Natrixam 1,5/5 514 (219 — 222 va

AML 3006 — 400 nm)

1001 51,3%

3.3.2 Lwra chon budc song bang phuong phap loai bo bién nguoc két
hop binh phuong tbi thiéu riéng phan (BVE-PLS)
3.3.2.1 Két qua tinh gia tri VIP

Trong phuong phap loai bo bién ngugc, ching t6i 4p dung dé
tinh cho ba mau thuéc AgimDogyl, Natrixam 1,5/5 va Turbezid. Cac
gia tri VIP dwoc tinh va thé hién trong hinh 3.11; hinh 3.12; hinh 3.13.
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S stng D zbe iom) -

Hinh 3.7. Cac gia tri VIP duwoc tinh cho  Hinh 3.8. Céc gid tri VIP duoc tinh cho
MTZ va SPI trong mé hinh PLS twong  INZ va AML trong mé hinh PLS twong
1ng Vdi so bien tieman la2 va 7. #Ng V4i 6 bién tiém an 1a 4 va 2.

S e T R T e

I Hinh 3.9. C4c gi4 tri VIP
i duoc tinh cho RIF, INZ va
! PYR trong mé hinh PLS

" & wong ung Véi so bién tiém
Wl o a - anlas, 4vas.
) | | J ) JR
...___L;_/____x\_:/_/_ | V\“/ __________________ . Ketqua cho thay rang,

khi so sanh véi do hip thu
cia cac thanh phan don

chat, cac gia tri VIP 16n déu nam trong cac ving hap thy manh tuong

ing Vi cac don chét do.

3.3.2.2 Két qud lwa chon buéc song bang phwong phdp BVE-PLS
Bang 3.5. Két qud lwa chon buéc séng bang phwong phdp BVE-PLS
cho c&c mdu thuoc AgimDogyl, Natrixam 1,5/5 va Turbezid

-I;)T]aﬁr;]h S6 bude song duoc chon 50 E:fgg Sng E) /:§
Thudc MTZ 180 (200 — 241,5 nm) 401 44,9%
AgimDogyl SPI 90 (200,5 — 245,5; 265 — 288 nm) 401 22,4%

Thuoc 370 (200-210,4; 214,2 — 223,8;

Natrixam IND 231- 243,8; 344,2 — 384,6 nm) 1001 37,0%
1,5/5 AML 268 (200-253,4 nm) 1001 26,7%
RIF 300 (220 — 362,5; 428,5 — 440) 441 68,0%
Turbezid INZ 401 (220-395,5; 401 — 425 nm) 411 97,6%
PYR 151 (220 —285,5; 291 — 300 nm) 161 93,8%

3.3.3 Lua chon budc song bang thuat toan di truyén két hop binh

phuong tdi thiéu riéng phan
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3.3.3.1 Két quda thudt toan di truyén

Céc hinh 3.14; hinh 3.15; hinh 3.16 thé hién qué trinh téi uu
cho viéc lya chon budc song qua céac thé hé khac nhau. Két qua cho
thy, ban dau cac gia tri RMSE lon, qua cac thé hé di truyén gia tri
RMSE nho dan va c6 xu huéng di ngang.

o . Hinh 3.11. Gi tri RMSECV qua 50
Hinh 3.10. Gid tr/ RMSECV qua50 oy 2 T P

thé hé di truyen ciia MTZ va SPI

Hinh 3.12. Gia tri RMSECV qua 50 thé hé di truyén cia RIF, INZ va PYR
3.3.3.2. Két qud lira chon buréc séng bang thudt toan di truyen
Két qua cho thay, ti 1& cac budc song dugc chon biang phuong
phdp GA-PLS so véi téng s6 budc song ban dau twong di nho. Ti I8
budc song duoc gitr lai cia MTZ va SPI trong tap dix liéu AgimDogyl
lan luot 12 12,2% va 8,5%; ddi voi IND va AML trong tap dir liéu
Natrixam déu 13 10,5%; ddi véi RIF, INZ va PYR trong tap di liéu
Turbezid 12 9,6%; 9,5% va 8,7%.
3.3.4 Két qua ap dung phwong phap lya chon bude song dé xac dinh
ham luong cac chat trong cac mau thudc da thanh phan
3.3.4.1 Ung dung phuong phdp lua chon buéce séng dé xdc dinh dong
thoi MTZ va SPI trong vién nén AgimDogyl
a. Xay dung mé hinh PLS dra trén céc thugt toén lya chon buoc séng
ba ap dung phuong phap PLS dé xay dung mé hinh hi¢u
chuan cho céc tap hiéu chuan AgimDogyl véi dif liéu & cac bude song
duoc lua chon theo cac phuong phap SR-PLS, BVE-PLS va GA-PLS.
Két qua cho thdy cac md hinh déu dat yéu cu vé danh gia cac chi sb
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thong ké. Trong d6 phuong phap SR cho thiy vuot tréi hon vé do
chinh xac va kha nang phu hop véi di liu.

Panh gla hiéu qua cac phuong phap SR-PLS, BVE-PLS, GA-
PLS dua trén két qua du doan trén tap kiém tra. Do thu hdi cua cac
phuong phap cé su khéac biét khong dang ké, d6i véi MTZ khoang %
d6 thu hoi ddi voi phuong phap SR 14 100,4% - 104,8%, phuong phap
BVE 14 98,9% - 104% va phuong phap GA 1a 98,7% - 104,1%; tuong
tu, 97,4% - 102,1%, 97,1% - 101,8% va 97,6% - 103,0% la cac khoang
phén trim d6 thu hdi cia SPI & cac nong do khéc nhau cia cac phuong
phéap tuong tng. Gia tri RMSEP cho MTZ cua cac phuong phap SR,
BVE, GA lan luot 12 0,5313 (3,5%), 0,330 (2,2%); 0,336 (2,2%), gié
tri nay nho so vai phan tram nong d6 trung binh cua tap kiém tra déu
nho hon 5% cho thiy phwong phap cho két qua dy doan tot. Trong khi
d6, phan trim RMSEP cua SPI so voi nong do trung binh cua SPI
trong tap kiém tra trong cac phuong phap SR, BVE va GA lan luot 13
1,3%; 1,6% va 2,4% cho két qua du doan rét tét (d6i véi phuong phap
SR va BVE) va tét d6i voi phuong phap GA.

b. Banh gia phwong phdp phdn tich

* Panh gia do thu héi MTZ va SPI bang phuong phap thém chuan déu
cho két qua thoa man theo qui dinh cua AOAC.

- D6 lap lai duoc thyuc hién véi hai ngay khéc nhau trén mau thudc
AgimDogyl.

+ Ngay 1: voi MTZ: m3R = 14,58 pg/mL (RSD = 1,85), mE4E =
15,04 ug/mL (RSD = 0,93), m$4 = 14,87 ug/mL (RSD = 0,95); véi
SPI: m3R = 94,28 IU/mL (RSD =1,17), mBYE = 93,25 |U/mL (RSD
=1,13), mé4 = 93,24 U/mL (RSD = 1,67).

+ Ngay 2: v6i MTZ: m3R = 14 ,35ug/mL (RSD = 0,70), mPYE =
15,08 ug/mL (RSD = 0,86), m$4 = 14,87ug/mL (RSD = 0,84); voi
SPI: m3k = 94 76 IU/mL (RSD = 0,96), mE%E = 93,74 IU/mL (RSD
= 0,69) m =91,731U/mL (RSD = 0,26).

So sanh két qua trung binh glua céc day sé lieu gitra két qua
do lap lai giita 2 ngay bang chuan t, két qua cho thiy cac gia tri tumn
déu nho hon thang, chitng to cac phuong phap khi xtr Iy két qua trén cac
tap dit liéu déu cho két qua co do chinh xéc cao.

* Két qua dinh lirong
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Két qua dinh luong MTZ véi khoang tin cay (o =0,05): 122,06
+ 3,62 mg; 124,21 + 2,67 mg; 123,54 + 2,20 mg tuong Gng Vi cac
phuong phap SR-PLS; BVE-PLS; GA-PLS. Két qua dinh lugng SPI
v&i khoang tin cay (o = 0,05): 779805 + 11446 IU; 774601 + 15712
1U; 776592 + 14223 TU tuong tng voi cac phuong phap SR-PLS;
BVE-PLS; GA-PLS. Ham luong phan trim so v&i ham luong ghi trén
nhan do nha san xuat cdng bd dugc qui dinh trong Dugc dién Viét nam
V, trong d6 giéi han phan tram cho phép tir 90-110%, két qua tir bang
3.32 va 3.33 cho thiy cac két qua xac dinh boi cac phuong phap 1a
dang tin cay.

Két qua phan tich ANOVA két qua dinh luong giita cac
phuong phap SR-PLS, BVE-PLS, GA-PLS va phuong phap tham
chiéu. Pdi vi MTZ, két qua Fnh = 2,20 < Fuing = 4,07, p = 0,166 >
0,05 cho thay gia tri trung binh két qua phan tich MTZ cua cac nhém
khong khac nhau dang ké. Tuong tu, dbi véi SPI ¢6 Frinn = 1,98 < Fhang
=4,07; p = 0,196 > 0,05 cho thay gia tri trung binh két qua phan tich
SPI cuia cac nhom khong khac nhau dan ké. Két qua nay khang dinh
cac phuong phéap da xay dung co d dung tot.
3.3.4.2 Ung dung phwong phdp lya chon buéc séng dé xdc dinh
dong thei IND va AML trong vién nén Natrixam 1,5/5
a. Xay dung mé hinh PLS dera trén cac thugt toan lwa chon budc séng

Dbi voi tap hiéu chuan: cac tham sb thong ké danh gia do
chinh xéc, tin cay cac phuong phap SR-PLS, BVE-PLS, GA-PLS déu
dat theo yéu cau.

Ap dung dé dy doan ham Iugng IND va AML ¢ cac mau dugc
chuén bi trong phong thi nghiém déu cho két qua tét: do thu hoi déu
gan 100%.

b. Danh gia phwong phdp phdn tich
* Panh gia d6 dung:

- P9 thu hoi khi dinh lugng IND va AML dbi voi phuong phap
BVE-PLS chua dat y8u ciu, chiing to cac bude song duoc lya chon
theo phuwong phap BVE-PLS chua t6i uu.

- Do thu héi khi dinh lwong IND va AML déi véi phuong phap
SR-PLS va GA-PLS théa man theo yéu cu caa AOAC.

- So sanh két qua dinh lwong voi phuong phap HPLC:
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+ Phuong phap SR: C4c gid tri tymn c6 dugc lan luot 1a 3,88 va
5,17 cho IND va AML déu I6n hon gia tri ts:4) = 2,78 cho thay c6
gid tri trung binh khac nhau c6 y nghia thong ké.

+ Phuong phap BVE-PLS: gié tri trung binh cia AML c0 su
khéc biét dang ké khi so sanh voi phuong phap HPLC.

+ PHuong phap GA-PLS: két qua dinh lugng IND va AML
khodng c6 su khéc biét vai véi phuong phap HPLC.

* Panh gia d6 chinh xac

- Panh gia do lap lai bang cach phan tich l3p lai cac mau thude
Natrixam véi két qua déu cho gia tri RSD nho hon 4 gié tri RSD tinh
theo ham Horwitz

Nhu vay, dbi véi thudc Natrixam chi ¢ phuong phap GA-
PLS la dat yéu cau vé d6 ding va do chinh xac khi xac dinh ddng thoi
IND va AML trong vién nén.

c. Két qud dinh lwong

Két qua dinh luong dua theo phuong phap GA-PLS: minp = 1,47
+ 0,038 mg/vién; mamL = 4,83 + 0,080 mg/vién.
3.3.4.3 Ung dung phwong phdp lua chon budéc séng dé xdc dinh
dong thoi RIF, INZ va PYR trong vién nén Turbezid
a. Xay dung mé hinh PLS dera trén cac thugt toan lia chon budc séng

Trong nghién ctru nay, hai phuong phap lua chon budc séng
— BVE-PLS va GA-PLS — di dugc &p dung dé xay dung mé hinh
hiéu chuan xac dinh dong thoi rifampicin (RIF), isoniazid (INZ) va
pyrazinamid (PYR) trong vién nén Turbezid. Cac mé hinh dugc danh
gia thong qua céac chi sé thong ké trén tap hiéu chuan nhu RMSEC,
RMSECV, R2 va kiém dinh phan phéi phan du bang Shapiro-Wilk.
Két qua cho thay ca hai phuong phap déu cho mé hinh chinh x4c, dang
tin cay vaoi R2 > 0,98 va phan du phan phdi chuan.

Trén tap kiém tra, ca hai mé hinh déu cho d6 thu hdi trung
binh x4p xi 100% va RMSEP thép, cho thiy kha ning du doan tdt trén
mau thyc. Tuy nhién, mé hinh BVE-PLS c6 d6 lap lai va do dung cao
hon, dic biét trong viéc xac dinh INZ, trong khi GA-PLS ¢6 s6 budc
s6ng chon it hon, dan dén giam d6 nhay va sai s6 I6n hon & mot sé chi
tiéu.

b. Danh gia phuong phdp phan tich

Vé danh gia do dung, cac gia tri do thu hoi deu nam trong

khoang quy dinh (80-110%) v&i RSD nho, dap tng yéu cau theo Duoc
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dién. Riéng & muc nong do thap, INZ xac dinh bang GA-PLS c6 d6 lap lai
chua dat theo tiéu chuan Horwitz.

Khi so séanh véi két qua dinh lwong bang HPLC tai trung tdm kiém
nghiém, phuong phap BVE-PLS cho két qua twong duong HPLC, trong khi
GA-PLS cho sai s6 dang ké d6i v6i RIF va INZ. Ngoai ra, danh gia ham
luong ghi trén nhan thudc cho thay chi BVE-PLS dap ung tiéu chuan 90—
110% theo Dugc dién Viét Nam V, trong khi GA-PLS xé4c dinh INZ dudi
ngudng yéu cau.

c. Két qua dinh lrong

Theo phuong phap BVE-PLS, mgie = 158,11 + 7,42 mg/vién; minz
= 75,55 + 2,36 mg/vién; mpyr = 408,45 * 10,15 mg/vién.

3.4 Danh gia va so sanh hi¢u qua cac phwong phap phan tich da bién
3.4.1 Phuong phap PLS so véi mét so phu’(mg phap phén tich da bién khac

So sanh CLS, PCR va PLS cho thdy PLS nhin chung vuot trdi v6i
RMSEP thip, R? cao va d¢ thu h01 t6t hon, dic biét trong dir liéu phure tap.
CLS kém hiéu qua nhat do yéu ciu phd thuan khiét khé dap ung, dan dén sai
s6 16n. PCR c6 hiéu suit tuong duong véi phuwong phap PLS, tuy nhién trong
mdt sb trudng hop, PLS vin c¢6 kha nang du doan chinh xac hon. Nhin chung,
PLS 14 lwa chon dang tin cdy nhit, con PCR chi phu hop trong mét s6 truong
hop cu thé.

3.4.2 Phuong phdp PLS va phuong phdp lya chon budc séng

So sanh PLS v6i cac phuong phép lwa chon bude song cho thiy hiéu
quéa khac nhau. SR-PLS thudng cai thién RMSEP trong mot s6 trudng hop
nhung khong 6n dinh giira cac thudc. BVE-PLS d6i khi lam ting RMSEP do
loai bo sai bién quan trong, song c6 thé cai thién RSD. GA-PLS c¢6 tiém ning
giam RMSECV va RMSEC nho t6i wu di truyén, nhung dy doan (RMSEP,
RSD) chwa nhit quan do phu thudc tham sd. Nhin chung, PLS van dang tin
cdy nhét voi R? cao va do thu hoi tét, trong khi cac phuong phéap lua chon
budc song chi hitu ich trong truong hop cu thé.

KET LUAN

Trén co so cac thyc nghiém da tién hanh, luan 4n da chung minh
duoc ring phuong phap hdi quy binh phwong t6i thiéu riéng phan (PLS) két
hop phd hap thu UV-Vis c6 thé duoc xay dung va ting dung dé dinh luong
ddng thai cac hoat chit c6 phd xen phu trong ché pham duoc.

(1) Luan an da xay dung thanh cdng cdc mo hinh PLS cho céc hé
hai va ba thanh phén (MTZ-SPI, AML-ATO, SPR-FUR, IND-AML, RIF-
INZ-PYR) véi dit liéu hiéu chuan duoc thiét ké bang CCD. Viéc lya chon sb
bién tiém an dya trén tiéu chuan PRESS cho phép t6i wu hod mé hinh vai s6
latent variables tir 2 — 7.
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~ (2) Céc chi tiéu tham dinh (RMSEC, RMSECV, RMSEP, R?, phan
tich p‘hén du, d6 thu hoi, do Iap lai) déu thoa man yéu cau: RMSE < 5% so
v6i nong do trung binh; phan du tuan theo phan phoi chuan (Shapiro-Wilk p
>0,05); R? x4p xi 1; 46 thu hdi nam trong 90 — 110% (AOAC). Kiém dinh t
cho thay khong c6 khac bi¢t c6 ¥ nghia thong keé giita ket qua PLS-UV va
phuong phap chuan HPLC (p > 0,05). ) )

(3) Phuong phap da dugc ung dung dé dinh luong cac hoat chat
trong thuoc AgimDogyl, Zoamco-A, Spirosemid-40, Natrixam va Turbezid
trén thi truong. Két qua ham luong thu dugc nam trong giGi han cho phép
theo DDVN V.

(4) So sanh véi céc thuat toan hoi quy khéc cho thiy PLS c6 do
chinh x4c vuot troi do khé‘ nang khur nhiﬂéu tét hon so vai PCR va CLS.

(5) Luan 4n da dé xuat va chuan hoa quy trinh thuc hanh PLS-UV
cho cac hé pho xen phu, dong thoi nghién ciru thanh cong co che rut gon bien
bang cac thuat toan SR, BVE va GA d€ lya chon budc song toi wu, gitp giam
S0 bien dau vao ma khong lam giam chat lugng mo hinh.

Nhu vay, phuong phap PLS két hop véi dit liu phd UV-Vis la mot
giai phap kha thi, chi phi thap, co thé thay thé cho HPLC trong céc truong
hop phi hgp dé dinh lugng da cau tir trong duwgc pham.

KIEN NGHI

1. Tiép tuc phat trién va tham dinh phwong phap PLS két hop phd
hap thu UV-Vis trén nhiéu dang thudc va hoat chit khéc nhau, dic biét 1a cac
thudc c6 phd hap thu xen phii. Viéc ndy nham danh gia tinh wng dung rong
rdi, d6 chinh x4c va do tin cay cua phwong phap trong kiém nghiém thuéc,
hudng dén viéc ap dung trong thuc té san xuét va kiém tra chét luong dugc
pham.

2. Mé rong va thir nghiém nhiéu chién luoc lya chon budc song khac
nhau nham cai thién hiéu qua ciia mé hinh PLS. Viéc da dang hoa phuong
phép chon bién s& gitp ting d6 chinh xac, giam do phuc tap va rat ngén thoi
gian tinh toan trong phan tich pho,

3. Nghién cau tich hop cic phuong phap hoc may (Machine
Learning) va hoc sau (Deep Learning) vao xir Iy va dyu doan dir liéu phd hip
thy. Day 1a hudng di tiém nang gitp khai thac ti da thong tin tir dit liéu pho,
dong thoi nang cao kha ning mo hinh hoa, do chinh xac va kha nang khai
quét hda cua cac phuong phap phan tich dinh lugng khong phan tach céc chat
trong mau.

4. Xay dyung cong cu phin mém: phat trién mot ng dung phan tich
danh cho phong lab (tng dung web Shiny/R) dé nhap phd UV-Vis, ty dong
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xay dung md hinh PLS, thuc hién danh gi4, kiém dinh, bao céo két qua — giup
phuong phap c6 tinh tng dung thuc té cao hon, d& chuyén giao hon cho phong
QC/QA.
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