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ABSTRACT

TITLE : ENHANCING PERFORMANCE IN TRIGLYCERIDE DETECTION:
FABRICATION OF MICROFLUIDIC PAPER-BASED ANALYTICAL
DEVICES (uPADs) USING CUTTING METHODS AND A MIXED
INDICATOR FOR IMPROVED COLORIMETRIC ANALYSIS OF WHOLE
BLOOD SAMPLES

AUTHOR : NIYADA KHUNKHONG

DEGREE : MASTER OF SCIENCE

MAJOR : CHEMISTRY

ADVISOR : ASSOC. PROF. PURIM JARUJAMRUS, Ph.D.

KEYWORDS : TRIGLYCERIDES, MICROFLUIDIC PAPER-BASED ANALYTICAL

DEVICES (uPADs), X-Y KNIFE PLOTTER, COLORIMETRIC DETECTION
FOR POINT-OF-CARE TESTING

This thesis presents the enhancement of triglyceride detection using mixed
indicators for improved colorimetric analysis in whole blood samples on a three-
dimensional microfluidic paper-based analytical device (3D-uPAD). Triglycerides (TG)
are the primary transporters of dietary fats throughout the bloodstream. However, the
traditional detection methods are time-consuming, require expertise, and involve
complicated steps requiring many enzymes and high-cost instruments. This research
successfully developed a 3D-uyPAD for quantitative colorimetric analysis of TG in
whole blood samples based on the pH change resulting from the hydrolysis of TG
catalyzed by only lipase enzyme to generate an H" product. Phenol red, as an
indicator combined with cyan ink, was used to adjust the background color and
reduce background interference. However, the main limitations are the low solvent
resistivity and the use of hydrophobic reagents of the traditional pPAD. Therefore, an
in-house computer-controlled X-Y knife plotter was used to fabricate the non-
hydrophobic reagent 3D-uPAD, resulting in rapidity, high reproducibility, simplicity, and
low cost. For TG detection, we performed colorimetric reactions on the 3D-uPAD by

applying a single drop of whole blood on the LF1 membrane attached to the sample
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support without sample preparation. The LF1 membrane separates plasma from
whole blood and yields plasma for further enzymatic reaction. After the enzymatic
reaction, the green color product corresponding to the TG concentrations in the
sample was easily observed and detected using an i1 Pro mini spectrophotometer
directly on the 3D-uPAD in approximately 10 minutes. The results agreed with the
hospital method, with a detection limit (LOD) of 0.182 mM (16.12 mg/dL). The 3D-
WUPAD was developed as a prototype that enables rapid, low-cost, simple fabrication
and short analysis time and is easy to apply for pre-clinical and point-of-care
diagnostic testing. It could contribute to expanding the applicability of well-known
markers in diagnosis that deal with a whole blood sample and can be used in areas

with limited resources and lacking specialized personnel and tools.



1399 © ENARNBSUNISINEASHUULL BT levtsunulaeltimalulald

Suwmosiinvasassnas

ekl L AednR medduns

FouSayan : ANYIEIARTUNI TN

41977391 . walulagansauwmea

0191587 ¢ fRemansiansd asdviu uusiu

AEATY . manuasuuugeUslevdsiuiy, Sumesidnvosasswds, unanosy

NYNTOIRT Y

e gUsrasdifioRmuunanrlesuinardliuinsnisihmanuns Mol
Foamsvinsineasuadaaninensulduinsaninuasnsiiininens wazuuvamain
ooulay lunisdmienandanisnisinunsinsudeyadinnlvudguilan Fayndagld
Usgleginuiunuiunipnaesegiauuatu (Sharing Economy)

uwanlaufifmundulsenouludie 2 dau dauusnessuuuimsiamsvhmdh iy
fnang ﬁ&um%ﬂugﬂLLUUL%ULL@UW%LﬂGB’u (Web Application) A18n 1w teui (PHP) S3UU
g1uteya unsleadiuea (MySQL) senuuuliuasunisuanualivunzaniuninaevats
n drufidesiesyuudumesiinvesassnds (Internet of Things : loT) fianusafnan
anmuandenuazauaugUnsaiing q luitufinisiuneas Tnewauszuudanisgunsaiuas

wATU3A (Dashboard) Naansausuwsstuganie q WmingauiuUssnnveanIsinuns uaz

) a

WAUIYAUNTAIAULUY 2 YA ﬁ’m%’umiﬂqﬂﬁmmzmiﬁm%wm fidoanssening
woUnAtuLdsviaes (Application Server) lngldlnsinapadu@ififl (Message Queuing
Telemetry Transport: MQTT)

HANIINAADUNITIFIUAIETIN1TNA@DULUUNEBIAN (Black Box Testing) Wu3153UU
vhauldgndesnsumuninudesnis ssuvdumedidnvesassndsinnuswiuyagunsal
Fuunuuiia 2 galdifuegned nan1sUssdulssdniamandideirig 5 au egluseduan

ign (Aedy Wiy 4.72 @Hudesuunnsgiu Wiy 0.50) kagnan1sussiuanuiianela

q

D

Al9e1u 20 Ay agluseduunniign (Anade Wiy 4.74 druleuuunnggiu Wity 0.55)

Y

Ua¥9UsEANS A Az ANaINsavananiasy Tunisvimtniidudinaisnisaniunig

NINSNYATILLUIAALATEgNARUITY



«“s

ABSTRACT
TITLE : CO-FARMING PLATFORM USING INTERNET OF THINGS
TECHNOLOGY
AUTHOR : LERTSAK HONGJAN
DEGREE : MASTER OF SCIENCE
MAJOR : INFORMATION TECHNOLOGY
ADVISOR : ASS. PROF. CHATCHAWIN NAMMAN, Ph.D.
KEYWORDS : CO-FARMING, INTERNET OF THINGS, SMART FARMING PLATFORM

This research aims to develop a centralized platform to facilitate agricultural
services, allowing individuals lacking resources but desiring to engage in agriculture to
access services provided by farmers who possess these resources. Additionally, it
serves as an online marketplace for agricultural products, providing consumers with
information about the sources of these products. The concept is aligned with the
principles of the Sharing Economy, benefiting all parties involved.

The platform comprises two main components. The first component is a
management system acting as an intermediary, developed as a web application using
PHP language and a MySQL database. It is designed to support various screen sizes.
The second component is an Internet of Things (IoT) system that monitors the
agricultural environment and controls devices in the farming area. This system
involves developing device management and customizable dashboard modules
tailored to different agricultural practices. Furthermore, two prototype equipment
sets will be developed for vegetable cultivation and cricket farming, respectively.
These sets will communicate with the application server using the MQTT (Message
Queuing Telemetry Transport) protocol.

Results of testing by the Black Box Testing method confirmed the system
operates correctly as required. The loT system effectively collaborates with both
prototype sets. Performance evaluation by five experts rated it as excellent (f =472
SD = 0.50). User satisfaction evaluation from 20 users was also excellent (‘5? =4.74 SD

= 0.55). These results indicate the efficiency and capability of the platform in serving
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as a central intermediary for agricultural operations in line with the principles of the

Sharing Economy.
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ABSTRACT

TITLE : DEVELOPMENT OF ANIMATIONS WITH MOTION GRAPHIC
TECHNIQUES FOR BLENDED LEARNING MANAGEMENT IN FLIPPED
CLASSROOM TO LEARN COMPUTING SCIENCE OF 8TH GRADE

STUDENTS
AUTHOR : SITIPONG BOONPERM
DEGREE : MASTER OF SCIENCE
MAJOR : INFORMATION TECHNOLOGY
ADVISOR : ASST. PROF. NADH DITCHAROEN, Ph.D.
CO-ADVISOR : ASST. PROF. SUPAWADEE HIRANPONGSIN, Ph.D.
KEYWORDS : ANIMATION, LEARNING PACKAGE, BLENDED LEARNING, FLIPPED

CLASSROOM, COMPUTATIONAL THINKING SKILLS

This research was experimental research aimed to 1) design and create
animations to develop computational thinking skills for 8" grade students using
graphic motion formats, 2) study the effectiveness of an integrated computational
science learning package with animations created for blended learning management
in a flipped classroom, 3) develop the computational thinking skills and learning
achievement of 8" grade students after receiving the computational science learning
package based on blended learning management in the flipped classroom integrated
with animations and 4) study the satisfaction of 8" grade students towards the
learning management with the blended learning in the flipped classroom integrated
with animations. The sample group consisted of 30 8" grade students from a school
in Det Udom District, Ubon Ratchathani Province, studying in the second semester of
the academic year 2022. They were selected using purposive sampling method. The
research tools include the motion graphic - based animations, and the learning
packaged based on blended learning management in the flipped classroom
integrated with animations. Data analysis was conducted using percentage, mean,
standard deviation, and t-tests from measures of learning achievement test,

computational thinking skill test, and questionnaire. The research findings were as
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follows: 1) the developed animations and computational science learning package
based on blended learning management in the flipped classroom integrated with
animations were found to have an effectiveness score of 81.11/81.00, which met the
specified criteria, 2) students demonstrated computational thinking skills at a good
level, with an average of 81.11%, 3) the average learning achievement after the
intervention was higher than before learning achievement score (p < 0.05), 4)
students' attitudes towards the learning management with the blended learning in
the flipped classroom integrated with animations were at a high level (mean = 4.28,

SD = 0.73).
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(X =4.38, SD=0.57)

ABSTRACT

TITLE : DEVELOPMENT OF RISK ANALYSIS MODEL OF KIDNEY DISEASE IN
DIABETIC PATIENTS USING MULTILAYER PERCEPTRON NEURAL
NETWORK TECHNIQUE

AUTHOR : AKARAPOL WOOTTISERA

DEGREE : MASTER OF SCIENCE

MAJOR : INFORMATION TECHNOLOGY

ADVISOR : ASST. PROF. WONGKOT SRIURAI, Ph.D.

KEYWORDS : RISK ANALYSIS, KIDNEY DISEASE, DATA IMBALANCE, MULTILAYER

PERCEPTRON NEURAL NETWORK

This research aimed to: 1) develop a classification model for identifying the risk
of kidney disease in diabetic patients using a multi-layer perceptron neural network
technique, 2) develop a system to assess the risk of kidney disease complications in
diabetic patients and 3) study user satisfaction with the developed system. The data
for this study was collected from the Amnat Charoen Provincial Public Health Office
between 2019 - 2022, comprising a total of 3,317 records. The data includes general
patient information such as age, weight, information, chronic diseases in the pressure
group, nephritis, urinary stones, drug use data in the NSAIDs group, Urine protein
examination data, kidney degeneration data, maximum blood pressure data,
minimum blood pressure data, red blood cell concentration monitoring data, and
blood glucose detection data. These data will be adjusted to balance using the
SMOTE method increased the amount of data from 50% to 300% and adjusting
Spread Subsample method together with data classification using multi-layer
perceptron neural network.

The performance evaluation of the model using the 10-fold cross-validation
method revealed that the model created with the SMOTE technique combined with
a multi-layered perceptron neural network achieved the highest classification

accuracy. The results include an accuracy of 98.45%, a precision of 98.50%, and a



«14

recall of 98.50%. The satisfaction evaluation results from two user groups, namely 4
experts and 32 general users, using a questionnaire, showed that the experts had a
high level of satisfaction (§=4.15, SD.=0.42) and the general users had a high level of

satisfaction (i =4.38, SD.=0.57).
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This dissertation involves the development of a sensor for the detection of
aflatoxin B1 in food and agricultural products, which is divided into two parts. The
first part aims to fabricate an immunosenor based on single-walled carbon nanohorns
and cobalt oxide with gold nanoparticles modified screen-printed electrode.
Additionally, the anti-monoclonal antibody aflatoxin B1 was immobilized to improve
the selectivity for aflatoxin B1 detection. Differential pulse voltammetry technique
was used with the model solution, hexacyanoferrate, as an electrochemical signal
indicator. For the physical and chemical characterizations, the modified electrode was
composed of the prepared composite elements and the significant functional groups
of the composite material. The cyclic voltammetry characterization revealed that the
synthesized composite material can improve the sensitivity of the sensor. Moreover,
the optimum conditions for the proposed immunosensor were studied. The optimum
amount of single-walled carbon nanohorns-cobalt oxide composite and the
optimized gold concentration modified electrode were 1.30 mg cm™ and 1.0 mM,
respectively. The incubation time and the immunoreaction time were 20 and 30
minutes, respectively. Under the optimal conditions, the analytical performance of

the proposed immunosensor was investigated. The two linear ranges for aflatoxin B1
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detection were 0.01 — 1 ng mL? (* = 0.9972) and 1 — 100 ng mL™ (* = 0.9846) with a
sensitivity of 15.393 and 0.195 pA mL* ng?, respectively. The limit of detection and
quantification of the prepared sensor were 0.0019 and 0.01 ng mL™?, respectively.
Furthermore, the repeatability and reproducibility of the proposed aflatoxin B1 sensor
in triplicate times were obtained to be 0.87 and 1.55 %RSD, respectively. Lastly, we
applied the proposed sensor for the determination of aflatoxin Bl in real samples
including the certified reference material of peanut (CRM 206 pg kg™ of aflatoxin B1),
peanut, chicken feed, and corn. The study results indicate that no significant
differences between the results from the developed sensor and those from the
reference technique. It provided the accuracy and precision for aflatoxin B1 detection
in real samples. In the second part of the research, it is based on the development of
the colorimetric sensor using metal-organic frameworks and molecularly imprinted
polymer composite (Ce-MOF@MIP) for the detection of aflatoxin Bl residue in
agricultural products. The principle of colorimetric detection is based on the catalytic
of the dye TMB substrate by using hydrogen peroxide to change in color form. In the
presence of aflatoxin B1, the interaction between the analyte target and the prepared
material occurred resulting inhibition of hydrogen peroxide activity. Therefore, the
color form of the oxidized substrate will be generated in small amounts. The
observed color of the solution was disproportionate to the increase in aflatoxin Bl
concentration. The optimal conditions for the colorimetric detection of aflatoxin Bl
were studied. The optimal concentration of the prepared material, concentration of
hydrogen peroxide, and concentration of substrate were obtained to be 75 mg L?, 10
mM, and 1 mM, respectively. Moreover, the optimum pH buffer solution and the
appropriate reaction time were 3.0 and 5 minutes. The linear response ranges of the
proposed colorimetric sensor for aflatoxin B1 detection were 0.5 — 5 and 5 - 50 ng
mL™ with the limit of detection and the limit of quantification at 0.26 and 0.88 ng mL"
!, respectively. Additionally, we investigated the selectivity of the developed
colorimetric sensor. It can be seen that other mycotoxins did not interfere with the
AFB1 detection. Lastly, the proposed colorimetric method was applied to detect
AFB1 content in real samples such as the certified reference material of peanut (CRM

206 pg kgt of aflatoxin B1) in peanut, peanut, chicken feed, and corn samples that
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obtained acceptable accuracy and precision when compared the results to those
obtained from the standard technique. From the above discussion, developing
sensors for detecting aflatoxin B1 using both immunosensors and colorimetric
detection techniques has been successful. These sensors demonstrated the ability to
accurately measure aflatoxin B1 concentrations in samples, providing experimental
results that are both accurate and reliable when compared to standard techniques.
Furthermore, the developed sensors may be used as a detection platform for various

toxic substances in food.
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This research has applied computer-aided molecular design (CAMD) techniques
combined with biological assays to explore the structural requisites and biological
efficacy of novel inhibitors with high potency asgainst tuberculosis. Our investigation
focused on enoyl-ACP reductase (InhA), a primary target for combating
M. tuberculosis, as demonstrated by its role as the primary target of isoniazid. Due to
isoniazid resistance linked to catalase-peroxidase mutations, we developed novel
direct InhA inhibitors, including heteroaryl benzamide derivatives, pyridine derivatives,
natural products, and novel 3-nitropropanoic acid derivatives. The objective was to
search for new anti-tuberculosis agents that effectively inhibit InhA activity. By utilizing
GSK-SB713 and NITD-916 as templates for virtual screening, supported by subsequent
biological assays, we identified InhA inhibitors from M. tuberculosis with MIC values
surpassing those of the reference inhibitor triclosan. Notably, our lead compounds
exhibited no cytotoxicity to Caco-2 cells at concentrations well above their MIC
values, indicating their potential safety. These findings underscore the effectiveness of
our lead compounds in both whole cell and enzyme inhibition assays, suggesting
their anti-tubercular activity arises from InhA inhibition. Concurrently, we conducted

structure-based virtual screening combined with biological assays to identify novel
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InhA inhibitors from the natural products in the Specs database. Out of eleven
compounds tested, two exhibited InhA inhibition. Ten Thai natural products were
discovered as InhA inhibitors. Q-mangostin was found to be an outstanding
compound due to its significant MIC and ICs, values. These lead compounds, similar
to those from our prior study, maintained their non-cytotoxic nature toward Caco-2
cells, even at concentrations exceeding MIC values. Further insights into the crucial
interactions between InhA and the discovered compounds were gained through ab
initio fragment molecular orbital (FMO) calculations of heteroaryl benzamide
derivatives and pyridine derivatives. Our investigations highlishted a particularly
promising compound, designated as the template, which exhibited the highest
binding affinity to InhA. This compound was thus selected as the primary candidate
for the design of potent InhA inhibitors. In addition, we designed and synthesized
novel 3-nitropropanoic acid derivatives. These derivatives exhibited remarkable
inhibitory activity with ICsy values while retaining their non-cytotoxic attributes toward
Caco-2 cells, even at maximal concentrations. Shifting focus to the second enzyme
target, DNA gyrase subunit B (GyrB) is responsible for DNA supercoiling during M.
tuberculosis DNA unwinding. Molecular dynamics (MD) simulations aided in predicting
the binding mode and interactions of piperazinoquinoline derivatives. Through three-
dimensional quantitative structure-activity relationship (3D-QSAR) studies, we
delineated the structural requirements for potent GyrB inhibitors were elucidated,
guiding rational design. Therefore, the insights gained from our study regarding
inhibitor binding modes, critical interactions within binding pockets, and the structural
necessities for piperazinoquinoline derivatives as GyrB inhibitors provided a roadmap
for crafting new, more potent inhibitors to counter M. tuberculosis drug resistance.
Notably, the binding energies assessed via FMO calculations closely aligned with 1Csq
values from experiments, confirming the robustness of our approach. The designed
compounds were passed physicochemical properties, and medicinal predictions,
which exhibited the highest binding affinity compared to the template. The obtained
results indicate that our designed compounds have potential for further development
as anti-tuberculosis agents. Furthermore, our exploration extended to novel 2-phenyl

indole derivatives through rational design and synthesis. These novel compounds
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were then subjected to biological assays, leading to the identification of inhibitors of
M. tuberculosis DNA Gyrase with ICs, values superior to novobiocin, a reference
compound, and demonstrated non-cytotoxicity toward Caco-2 cells. Therefore, the
integrated results from virtual screening, biological assays, MD simulations, FMO
calculations, and the rational design and synthesis of InhA inhibitors and GyrB
inhibitors provide valuable structural information and hold promise as future potent

anti-tuberculosis agents.
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Molecular modeling and computer-aided molecular design approaches has
become an essential tool in assisting fast and cost-efficient lead discovery and
optimization. In the present study, molecular modeling and computer-aided
molecular design approaches were applied to understand the molecular basis for
developing new and more potent anti-tuberculosis agents. Mutations in DNA gyrase
confer resistance to fluoroquinolones, second-line antibiotics for M. tuberculosis
infections. The discovery of new anti-tuberculosis agents that inhibit M. tuberculosis
DNA gyrase ATPase activity is one strategy to overcome this. Herein, bioisosteric
designs using the known pyrrolamide inhibitor as a template were employed to
define novel DNA gyrase inhibitors. Utilization of this modified compound as the
template for virtual screening, supported by subsequent biological assays, identified
M. tuberculosis DNA gyrase ATPase inhibitors with ICs, values better than that of the
reference ATPase inhibitor novobiocin. In addition, the new compounds showed non-
cytotoxicity to Caco-2 cells at concentrations significantly higher than their ICs, values.
MD simulations, followed by decomposition energy calculations identified that the
promising compounds occupy the ATP binding site of M. tuberculosis GyrB. A
compound containing the benzoindole fragment represents a potential new scaffold

for further exploration and optimization as an M. tuberculosis DNA gyrase ATPase
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inhibitor and a candidate anti-tuberculosis agent. Discovery of novel DNA gyrase
inhibitors, increasing attention has been paid to ATPase active against M. tuberculosis
DNA gyrase of natural products. Knema belongs genus (K. globularia) is locally known
as “lueat raet” in Thailand. The isolated compounds from the stems of K. globularia
were tested for M. tuberculosis DNA gyrase ATPase activity and subsequent by anti-
tuberculosis activity. These results were comparable to novobiocin, the reference
ATPase inhibitor. The new compounds showed active in both whole cell and enzyme
inhibition assays. Then, MD simulations was performed to investigate the binding
mode of the promising compounds in the ATP binding site of M. tuberculosis GyrB.
The results demonstrated that the promising compounds interact strongly with the
GyrB enzyme and that displayed good pharmacokinetic properties. Molecular docking
calculations and MD simulations were applied to predict binding mode and binding
interactions of benzoldlisothiazole derivatives in the ATP binding site of M. smegmatis
GyrB. The obtained results can be summarized to identify the structural requirements
of benzoldlisothiazole derivatives for the novel design of DNA gyrase ATPase
inhibitors. Moreover, the dimeric structure of M. tuberculosis DNA gyrase ATPase in
complex with the substrate ATP can catalyze negative supercoils into DNA. D-NEMD
simulations were used to identify the structural effects of M. tuberculosis GyrB on ATP
hydrolysis and how such changes are propagated through communication pathways
connecting the ATP site to other functionally important regions of the GyrB ATPase
domain. The simulations showed a striking pattern of communication between the
ATP site and the GHKL and transducer regions, both of which are important to anti-
tuberculosis drug resistance. The structural changes induced by ATP hydrolysis are
transmitted through cooperative coupling of the ATP-lid of the GHKL domain and
portions of the transducer domain. The amino side chain of Lys372 is in hydrogen
bonding distance to the Y-phosphate of the substrate analog and, thus, probably
capable to stabilize the negative charge of the transition state. The use of D-NEMD
simulations to study the ATPase domain of GyrB has significant implications for the
development of new antituberculosis agents. These findings highlight the importance
of understanding the mechanism behind the conformational changes in the ATPase

domain of GyrB, which is crucial for enzyme function. By exploring valuable
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information, effective inhibitors can be designed as promising candidates for creating

innovative classes of antituberculosis agents.
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TITLE : DISCOVERY AND DESIGN OF NOVEL DNA GYRASE AND PKNB
INHIBITORS AS ANTI-TUBERCULQOSIS AGENTS AGAINST DRUG
RESISTANCE: MOLECULAR MODELING, SYNTHESIS, BIOLOGICAL
ASSAY EVALUATIONS AND NANOPARTICLE-BASED DRUG DELIVERY

SYSTEM
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INHIBITOR

Our research has utilized a molecular modelling, validated by biological activity
evaluations, to select candidate inhibitors of M. tuberculosis DNA gyrase subunit B
(GyrB) and protein kinase B (PknB) from both the Specs compound library and in-
house Thai natural product database. Subsequently, we performed molecular
dynamics (MD) simulations on the complexes of the most active inhibitors bound to
their respective targets to identify the binding mode. This information was used for
rational design and further synthesis of more potent and novel PknB and DNA gyrase
inhibitors. Furthermore, specific interactions between GyrB residues and pyrrolamide
derivatives were identified using ab initio fragment molecular orbital (FMO)
calculations. Calodenin B obtained from natural product targeting M. tuberculosis
DNA gyrase, was used as template for virtual screening approach from Specs
database, validated by biological activity evaluation. Six hit compounds exhibited low
ICso values against M. tuberculosis DNA gyrase ATPase, and their cytotoxicity towards
Caco-2 cells was studied. These compounds showed non-cytotoxicity to Caco-2 cells.
In addition, rational design was performed using eugenol obtained from natural

product as a template against M. tuberculosis DNA gyrase. The seven synthesized



33

compounds were identified as potent inhibitors of M. tuberculosis DNA gyrase and
showed non-cytotoxicity to Caco-2 cells. Furthermore, the specific interactions and
binding affinities between GyrB and pyrrolamide derivatives were investigated using
FMO calculations. The calculated binding affinities are consistent with the ICsy values
obtained from previous experiments. Subsequently, compound 1, the most potent
compound, was used as a template for rational design of novel pyrrolamide
derivatives. The results revealed that novel designed compounds exhibited crucial
interactions with Glu56, Asp79, Ile84 and Argldl of GyrB, offering significant insight
into specific interactions between these compounds with GyrB. Moreover, the binding
affinities of the designed compounds were significantly enhanced. Furthermore,
utilizing a virtual screening method, three indole derivatives (compounds 2, 4 and 10)
obtained from Specs database using virtual screening were identified and selected for
biological assays. These compounds showed inhibitory effects on the growth of M.
tuberculosis H37Ra, with minimal inhibitory concentrations (MIC) of 6.2 Kg/mL, 12.5
Me/mL and 6.2 Mg/mL, respectively. It was discovered that two compounds,
compound 2 and 10 showed inhibitory activity against M. tuberculosis PknB, with half
maximal inhibitory concentration (ICso) values of 14.4 UM and 12.1 UM, respectively.
MD simulations of modeled complexes of compounds 2, 4 and 10 bound to M.
tuberculosis PknB, indicated that compound 4 shows lower affinity for M. tuberculosis
PknB in comparison to compounds 2 and 10, as evidenced by higher calculated
binding free energies, consistent with experiment. Consequently, the PknB-ligand
binding between compound 10 and PknB obtained from MD simulations was
preliminarily studied using X-ray crystallography, circular dichroism (CD) and
isothermal titration calorimeters (ITC) approaches. Then, compound 10 was used as a
template for identifying inhibitors from Specs database using virtual screening,
validated by biological activity evaluation. Four compounds known as MS03, MS04,
MS05 and MS09 were identified as potential PknB inhibitors against M. tuberculosis
PknB, with only compound MS03 showing activity against M. tuberculosis cells. In
addition, compound 2 was used as template for rational design and synthesis. The
two synthesized compounds (compounds PO1 and P04) were identified as novel and

potent PknB inhibitors against both M. tuberculosis PknB and M. tuberculosis cells.
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Notably, P01 exhibited an ICs, value lower than the template. In addition, we
contained compounds NSP06 and brazilin, obtained from the Specs natural product
and in-house Thai natural product database, respectively. It was inhibited M.
tuberculosis PknB activity in vitro by virtual screening and conducted biological
activity evaluations. The obtained PknB inhibitors (compounds 2, 4, 10, MS03, MS04,
MS05, MS09, P01, P04, NSP06 and brazilin), were evaluated for their cytotoxicity
towards Caco-2 cells and all these compounds showed non-cytotoxic towards Caco-2
cells. Therefore, the integrated results from virtual screening, MD simulations, FMO
calculations, biological activity evaluation, rational design and synthesis provide
useful structural information and twenty novel inhibitors discovered from our study
potentially provide attractive starting templates for further optimization as

antitubercular agents.
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The use of radiation shielding materials is of paramount importance in the
reduction of radiation-induced harm. The objective of this research is to examine the
radiation shielding properties of borate glass enriched with barium oxide (BaO), with a
specific focus on its effectiveness against x-ray, gamma-ray, charged particles (proton
and alpha), and thermal neutron radiation. This study was conducted using Monte
Carlo simulations and experiments. Furthermore, the radiation dose on the adult
male mesh-type reference computational phantoms (MRCP-AM) before and after

using the shielding glass was estimated by means of Monte Carlo simulation. The

XX xx Sxr<<zx=<
glass formula, denoted as  BaO-20Al,05-20CaF,-(60-  )B,O5 (where 0

30 mol%), was prepared using the melt quenching method. The XRD techniques were
used to investigate the structural characteristics of the glass system. For the X-rays,
gamma rays and charged particles, the results found that the addition of barium
oxide to glass structure resulted in the increasing ability to attenuate those radiation
(photon, proton, and alpha particles). At the photon 15 MeV, adding 30 mol% of
barium oxide to glass reduced the thickness required to shield half of incident
photon energy (about 52.54 % compared to glass without barium oxide). However,

the addition of barium oxide to the glass resulted in a reduction in its ability to shield
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thermal neutrons. According to the research findings, it can be concluded that the

3030
BaO—20Al,0,—20CaF,—30B,05 glass is suitable for use in shielding photons

and charged particles and the 20Al,0;—20CaF,—60B,05 glass is appropriate for
attenuating the thermal neutron. The comparative study of radiation dose on the
MRCP-AM phantom before and after using the shielding glass by PHITS Monte Carlo
simulation demonstrated that the 30BaO glass sample can reduce damage to the
brain, liver, lung left, lung right, prostate, skin, and thyroid, which are equal to 15.919%,
14.81%, 15.65%, 14.92%, 11.90%, 11.96%, and 11.55%, respectively when compared
with no shielding materials. In addition, the effective dose rate in MRCP-AM without
shielding g¢lass revealed significantly more damage than with the existence of

shielding glass.
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ABSTRACT

TITLE : DEVELOPMENT OF THE INQUIRY-BASED STEM ACTIVITIES IN
BIOLOGY TO ENHANCE ACADEMIC ACHIEVEMENT, ENGINEERING
DESIGN ABILITY, AND ATTITUDE TOWARDS STEM EDUCATION
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KEYWORDS : INQUIRY-BASED STEM ACTIVITIES, ACADEMIC ACHIEVEMENT,
ENGINEERING DESIGN ABILITY, ATTITUDE TOWARDS STEM
EDUCATION

The purpose of this research was to develop inquiry-based STEM education
learning activities in biology and enhance the level of academic achievement,
engineering design ability and attitudes toward STEM education. The study group was
a classroom of grade-10 students. Data were collected from 1) a learning
achievement test, 2) an engineering design ability test, 3) a STEM education attitude
questionnaire, and 4) a post-learning journal. The results showed that this learning
management activity had an efficiency (E1/E2) and effectiveness index (E.l.) equal to
81.51/91.58 and 0.86 + 0.05, respectively. Student learning progression was 86 (<g> =
0.86) categorized as high-level gain. The students improved their academic
achievement from the lowest and failing level (41.35%) to an excellent level
(85.61%), which was a statistically significant increase (p < .05). In terms of engineering
design ability, the students were able to improve from moderate ability (49.14%) to
excellent (97.41%), which was a statistically significant increase (p < .05). The
students' attitudes towards science (4.53), technology (4.40), engineering (4.35),

mathematics (4.15), and STEM education (4.59) were at an excellent level.
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TITLE : A STUDY OF STUDENTS’ LEARNING STYLES TOWARDS
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This research studied 1) the learning styles of vocational students before and
after receiving cooperative learning management through online social networks, 2)
the effectiveness of cooperative learning management through online social
networks, grouped according to the learning styles of vocational students, 3) the
learning achievement and collaboration skills of vocational students before and after
receiving cooperative learning management through online social networks, and 4)
the students’ attitudes towards cooperative learning management through online
social networks. The sample group consisted of 34 first-semester students in the
Higher Vocational Certificate Program in Digital Business Technology at a technical
college in the Northeastern Region of Thailand, selected using a purposive sampling
method. The research utilized the following tools: online lessons developed through
the Edmodo website and a Padlet application for cooperative learning management
through online social networks. Data analysis was conducted using percentage, mean,
standard deviation, percentile, normalized gain, and t-test derived from assessments
of learning style test, learning achievement test, collaboration skill test, and

questionnaire. The research results were as follows: 1) 70.58 % of students had
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changed their learning styles after learning with cooperative learning management
through online social networks, 2) the efficiency of learning management through
online social networks with Edmodo website and Padlet application was 74.29/83.13
which was higher than the specified criteria of 75/75, 3) the average of post-learning
achievement score was statistically higher than that of the pre-learning achievement
score (p>.05), 4) the average of normalized gain of the class was at the high level, 5)
the average of students’ collaboration skills was at the high level, and 6) students
had a highly positive attitude towards learning management through online social

networks.
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Global trends in higher education are currently focusing on enhancing the new
higher education curriculum to better equip individuals with knowledge, skills, and
competencies. Different needs for broad and deep knowledge formats arise in the
context of diverse target group objectives. A module-based curriculum structure,
characterized by flexibility and adaptable learning management features, enabling
comprehensive self-directed learning. Curriculum core data, represented by
technology, facilitates the adaptation of knowledge boundaries, both in technological
methodologies and machine learning approaches. Developing modular curriculum
components using computer-based methods to assist curriculum management is
therefore feasible. The objective of this research is to study methodologies and
create an automated prototype capable of analyzing curriculum data. Subsequently,
the prototype will be able to adapt and present the output in the form of a module-
based curriculum, tailored to the user’s requirements. This can be achieved by data

techniques including ontologies, natural language processing, and machine learning.
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The product is an AMBC web application. The research results, evaluated based on

performance metrics and assessed by experts, demonstrate its potential.
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The microfluidic thread-based device is a good alternative among the main
analytical chemistry tools for experiments in the laboratory. This is because it is
portable, low-cost, low-volume, short time assays, and easy to use. The researcher
developed a simple microfluidic thread-based analytical device (UTAD) to
demonstrate the use of silver nanoparticles (AgNPs) as accelerators for the reduction
reaction of 4-nitrophenol. This experiment can be visually observed, noting the color
change of the solution from yellow-green to colorless, indicating the progress of the
reaction. The developed MTAD was applied as the inquiry learning activity for the
samples of 22 undergraduate students, purposively selected from the 4™ year
students of chemistry teacher students at the Faculty of Education, National
University of Laos during the academic year 2023. The data were collected by using a
two-tier diagnostic conceptual test of the catalysis of d-nitrophenol reduction
comprising 12 items. Additionally, a satisfaction survey was employed to gather

feedback on the learning experience with the mentioned equipment.
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The research results revealed that students' conceptual test score for the pre-
test and post-test were 4.18 (SD 2.07) and 8.28 (SD 0.95), respectively and their
normalized learning gain (<g>) was 0.66, a medium gain. The analysis of students'
conceptual test scores using the t-test for dependent samples revealed a statistically
significant increase in post-conceptual test scores compared to pre-test scores, with a
confidence level of 95%. Moreover, students expressed a high level of satisfaction
with the learning facilitated by the HTAD (mean = 4.13, SD = 1.27). This research
demonstrates that intervention of HLTAD through inquiry process was effective in

fostering the development of students' conceptual understanding.
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