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Burkholderia cepacia Complex in King Chulalongkorn Memorial Hospital: Genomic

Characterization and Antibiotic Susceptibility

Ruamporn Suebsakulpaisan® Kritsakorn Saninjuk® and Sunisa Chirakul®
Abstract

The Burkholderia cepacia complex (Bcc) comprises gram-negative opportunistic pathogens. They
cause infections in healthcare settings, particularly in individuals with weakened immune systems or lung
conditions like cystic fibrosis (CF). Bcc bacteria often possess multiple antibiotic resistance genes on both
chromosomes and plasmids. Although Thailand reports fewer Bcc infections than America and Australia,
Burkholderia cenocepacia is a common species that causing infections. Reports indicate that Bcc bacteria
can transfer genes, including those conferring antibiotic resistance, to other species within the genus, such
as B. pseudomallei, which is prevalent in Thailand. This gene transfer raises concerns about the spread of
antibiotic resistance. This study aims to characterize the genetic features of Bcc isolates obtained from
patients at King Chulalongkorn Memorial Hospital in Thailand. We used gyrB gene sequencing to screen for
B. cenocepacia and determined their susceptibility to ceftazidime (CAZ), meropenem (MEM), and
trimethoprim-sulfamethoxazole (SXT) using the broth microdilution method. The results showed that all B.
cenocepacia isolates in our sample were susceptible to all three antibiotics. Additionally, we performed
whole genome sequencing of the B. cenocepacia SCBC75 and compared its sequence with a reference
strain J2315. The analysis revealed genomic differences between these two strains. Notably, we identified
numerous antibiotic resistance genes on the chromosomes of the B. cenocepacia isolate. These findings
highlight the importance of genomic studies in identifying potential resistance mechanisms, even in isolates

that appear susceptible to current treatments.

Keywords: Burkholderia cepacia complex, Antibiotic resistance, gyrB sequencing, Whole genome sequencing
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Introduction

Gram-negative bacteria in the Burkholderia cepacia complex (Bcc) are closely related, and while
most are beneficial, some can have serious negative impacts on human health, especially in individuals
with compromised immune systems, cystic fibrosis (CF), or chronic granulomatous disease (CGD).
Burkholderia cenocepacia is the most clinically significant species in the Bcc group because it is associated
with severe diseases, easily transmitted between patients, and resistant to several medications (Drevinek &
Mahenthiralingam, 2010; Jin et al., 2020). The antimicrobial susceptibility profile of Bcc bacteria identified in
Bangkok in recent years is poorly documented. The purpose of this study was to ascertain the pattern of
antimicrobial susceptibility of certain Bcc bacteria, specifically B. cenocepacia, that were isolated from King
Chulalongkorn Memorial Hospital (KCMH), a general and tertiary hospital located in Bangkok, Thailand,
between January and April of 2022.

Bacteria in Bcc group carry multiple drug-resistant genes on their chromosomes and plasmids
(Mahenthiralingam et al., 2005; Sousa et al.,, 2011). Thailand has a lower infection rate from Bcc bacteria
compared to the US, UK, Australia, and some other Asian countries (Kenna et al,, 2017). However,
immunocompromised individuals continue to get infected with Bcc bacteria, with B. cenocepacia being
more frequently found than other species (LiPuma et al.,, 2002). There are also reports of Bcc transferring
genes to other bacteria through horizontal gene transfer (Burtnick et al.,, 2024; Patil et al., 2017), such as
Pseudomonas aeruginosa, Staphylococcus aureus, and especially B. pseudomallei, a closely related
species in the same genus. B. pseudomallei causes melioidosis, a common and potentially fatal disease in
Thailand. The transfer of antibiotic resistance genes could lead to difficult-to-treat outbreaks, including
resistance to common antibiotics like ceftazidime (CAZ), trimethoprim-sulfamethoxazole (SXT), and
meropenem (MEM), a carbapenem used to treat melioidosis.

Typically, bacterial species are identified using molecular techniques like Sanger sequencing of the
16s rRNA gene. However, for Bcc, 16s rRNA sequencing cannot clearly distinguish between species and
subspecies necessitating the use of alternative species-specific genes. The recA or gyrB genes are commonly
used for Bcc identification (Tabacchioni et al., 2008). This study aims to identify and isolate B. cenocepacia
using species-specific gyrB sequencing and to examine the antibiotic susceptibility patterns. Additionally, we
performed whole-genome sequencing to compare the antibiotic resistance genes of B. cenocepacia isolates
from Thailand with those of reference strain, information from National Center for Biotechnology

Information (NCBI) Database.
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Research Methodology
Bacterial isolates

Ten Bcc isolates, collected from patients at KCMH between January and April 2022, were used in
this study. The strains were isolated by the Microbiology Unit of King Chulalongkorn Memorial Hospital and
approved by the Human Ethics Committee (IRB). Isolates were streaked onto on Luria-Bertani (LB) agar
(Difco, Lennox) and incubated overnight at 37 °C. Single colonies were then inoculated into LB broth and
incubated at 37 °C with shaking at 200 rpm for further growth. The Bcc isolates were preserved in deep

freezers at -80 °C in 2 ml cryovial tubes containing 20% glycerol in LB broth until further use.

Species-specific gyrB PCR assay

Ten clinical isolates stored at -20°C were revived and their genomic DNA was extracted. A
conventional PCR assay targeting a 1,990 bp fragment of gyrB gene was performed using a Proflex PCR
system (Applied Biosystems). Each 50 pl PCR reaction contained 1x PCR buffer (without MgCl,), 1.5 mM
MgCl,, 1U Tag DNA polymerase (Thermo Fisher Scientific), 5% DMSO, 250 uM of each dNTP, 1 ul (20 pmol)
of each forward and reverse primer (Table 1), and 25 ng of template DNA.
The thermal cycling conditions were as follows: initial denaturation at 95 °C for 4 minutes, followed by 35
cycles of 95 °C for 30 seconds, 54 °C for 30 seconds, and 72 °C for 1 minute, with a final extension at 72 °C
for 10 minutes. These conditions were adapted from previous study (Mahenthiralingam et al., 2000). PCR
products were separated by electrophoresis on a 1.5% agarose gel stained with SYBR® Safe (Invitrogen) and

visualized under UV light.

TABLE 1 Primers for PCR amplification of Specific gyrB gene

Gene Primer Primer sequence (5" to 3) Tm (°C)  Amplicon Size (bp)  Reference
oyrB gyrl (forward) TGGAATTGCCCAATATTATGC 61.8 1,990 (Tabacchioni
PCOr (reverse) TCAGCGCAGCTTGTCGGCCATGC  58.8 et al., 2008)

Analysis of gyrB sequences
To confirm the nucleotide sequences of the gyrB PCR products, Sanger sequencing was performed
using a specific primers (Table 2). The resulting sequences were analyzed using BioEdit software and

compared to sequences in the NCBI database using the BLASTN function of the BLAST program. Species
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assignment was determined based on a sequence similarity threshold of 99% or greater when compared
to strains in the NCBI database.

In constructing the phylogenetic tree, a maximume-likelihood phylogenetic tree was generated
based on the gyrB gene sequences using the General Time Reversible model with G + | rates among sites,
and a bootstrap method with 1000 replications in the Molecular Evolutionary Genetics Analysis software,
version 7 (MEGATY). The nucleotide sequences were used to build the phylogenetic tree, with P. aeruginosa
strain PAO1 as the outgroup. The analysis compared to reference Bcc strains including B. cepacia strain
BC16 (genomovar 1), B. multivorans strain ATCC17616 (genomovar ), B. cenocepacia strain J2315
(genomovar ll), and B. vietnamiensis strain G4 (genomovar V) (Jin et al,, 2020; Mahenthiralingam et al,,

2000), and the tree was visualized using iTOL (Jin et al., 2020).

TABLE 2 gyrB gene sequencing primers.

Gene  Primer Primer sequence (5’ to 3) Tm (°C)  Position Reference
gyrB gyrl F-TGGAATTGCCCAATATTATGC 61.8 340-360 (Tabacchioni
(forward) et al., 2008)
PC3r F-GAAGTSGCGATGCAGTGGAACGA 64.8 826-848
(forward)
PCér R-CAGCGGCAGRATWGCCTG 59.4 1410-1393
(reverse)
PCOr R-TCAGCGCAGCTTGTCGGCCATGC 58.8 2328-2310
(reverse)

Antibiotic Susceptibility Testing (AST) of B. cenocepacia isolates

Antibiotic Susceptibility Testing (AST) was conducted on five B. cenocepacia isolates using three
antibiotics: ceftazidime (CAZ), meropenem (MEM), and trimethoprim-sulfamethoxazole (SXT). The Minimum
Inhibitory Concentrations (MICs) were determined using the Broth Microdilution Method (BMD), with each
antibiotic tested in two technical replicates and three separate biological replicates. The protocol for
assessing bacterial resistance to antibiotics followed guidelines set forth by the Clinical and Laboratory
Standards Institute (CLSI) for determining antibiotic susceptibility (Clinical and Laboratory Standards Institute
[CLSI], 2024.).
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The process began with retrieving frozen Bcc isolates, streaking them on LB agar, and allowing
overnight incubation at 37°C. A single colony was selected and transferred into 3 ml LB broth and incubated
overnight at 37°C with 200 rpm agitation. One percent inoculum from an overnight culture was transferred
into 3 ml of Mueller Hinton Il Broth Cation-Adjusted (CA-MHB) and incubated with agitation at 37°C until it
reached mid-log phase. The mid-log phase culture was diluted in sterile 0.9% sodium chloride solution to
an optical density (OD600) of 0.08 and 0.1, corresponding to 0.5 McFarland standard. A 0.1 ml aliquot of
this standardized suspension was then inoculated into 4.9 ml of CA-MHB broth for further testing.

Antibiotic susceptibility testing was then performed in 96-well microtiter plates, following CLSI MO7
guidelines (CLSI, 2012.). Two-fold serial dilutions of each antibiotics were prepared in sterile CA-MHB broth.
Control strains, E. coli ATCC 25922 and P. aeruginosa ATCC 27853, were included for comparison. The plates
were incubated at 37°C for 18-20 hours. The MIC breakpoints specific to Bcc bacteria were determined
according to CLSI M100 guidelines (CLSI, 2024.). To confirm inhibition of bacterial growth,
spectrophotometric measurements at 600 nm were taken. To further assess cell viability and determine
the minimum bactericidal concentrations (MBCs), serial dilutions of the cultures were spotted on LB agar.
Positive (the standardized suspension without antibiotics) and negative (fresh MHB broth) controls were

included to validate the assay.

Whole Genome Sequencing (WGS) and Bioinformatics pipeline
One B. cenocepacia isolate was randomly selected for whole genome (WGS). Short-reads
sequencing wasperformed using Illumina technology, and long-read sequencing was performed using Oxford

Nanopore Technology (ONT).

Oxford Nanopore sequencing

For library preparation, 1 pg of genomic DNA was used with the Rapid Barcoding Kit 96 V14
(SQK-RBK114.96) from Oxford Nanopore Technologies (ONT), Oxford, UK, following the manufacturer’s
instructions. The sequencing libraries were multiplexed and loaded into the Flow Cell FLO-MIN114 (R10.4.1).
DNA samples were sequenced using PromethlON (Oxford Nanopore). The raw reads were obtained during
a 48-hour run experiment using MinKNOW Version 23.07.12. Raw signals were base called using a super high
accuracy model and demultiplexed using Guppy Vv.5.0.7.

The quality of the raw long reads was assessed using Nanoplot (De Coster et al., 2018)
(Version 1.41.0) and processed with Porechop (Bonenfant et al., 2023) (Version 0.2.4), an adapter trimmer

for Oxford Nanopore reads, to eliminate adapter and barcode sequences. Long reads were filtered for
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quality using Filtlong (Version 0.2.1), applying a minimum length threshold and a minimum quality score of
greater than 1000 bp and Q score > 8, respectively (https://github.com/rrwick/Filtlong).

Ilumina sequencing

Paired-end sequencing of genomic DNA was performed on a MiSeq platform (Illumina, San

Diego, CA, USA) using V2 chemistry with 250x2 Paried-end reads (Behzadi et al., 2021; Nokchan et al., 2021).
Trimmomatic (Version 0.38.1) was used to process the short reads in order to remove adapter and barcode
sequences, correct mismatches in overlaps, and filter low-quality reads (Quality Score (Q) > 30) (Bolger et
al.). FastQC (Version 0.74; https://github.com/s-andrews/FastQC) was used to evaluate the quality of the
first brief reads.

B. cenocepacia complete genome

Unicycler (Version 0.5.0) was used for de novo hybrid assembly, integrating long and short readings
with default parameters (Wick et al.). The quality of the genome was determined using QUAST (Version
5.0.2)(Gurevich et al.,, 2013). The assembled genome sequence was annotated by Prokka (Seemann). Using
the Proksee, the assembled contigs from the combined short read and long read sequencing were
circularized before being compared to the reference genome (B. cenocepacia J2315) (Wallner et al., 2014).
To find antibacterial gene, contigs were screened using ABRicate (Version 1.0.1) (https://github.comv/tseemann/abricate) using
ABRicate with the CARD RGI and NCBI databases in Galaxy for identifying antimicrobial resistance genes
(Galaxy, 2024).

Results and Discussion
Species-specific gyrB sequence analysis

Using species-specific gyrB gene sequencing, ten Bcc isolates collected from patients at King
Chulalongkorn Memorial Hospital, Thailand, were identified. The resulting nucleotide sequences were used
to construct a phylogenetic tree. The phylogenetic tree in Figure 1 revealed that the clinical isolates
clustered into three main clades alongside reference strains of Bcc. The first clade included B. cenocepacia
strain J2315 (genomovar Ill) and encompassed SCBC65, SCBC75, SCBC77, SCBC86, and SCBC87.The second
clade consisted of B. cepacia strain BC16 (genomovar 1), along with isolates SCBC76, SCBC91, and SCBC95.
The third clade contained B. vietnamiensis strain G4 (genomovar V), with isolate SCBC96 positioned within
this clade. There are no strains in the Bcc sample group within the clade of genomovar Il. P. aeruginosa

strain PAO1 was used as an outgroup to root the tree and was clearly distinct from the Bcc strains.
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SCBC86

Figure 1 Phylogenetic tree of the gyrB gene, illustrating relationships among 10 Bcc isolates obtained from
patients at King Chulalongkorn Memorial Hospital, Thailand, compared to reference Bcc strains including B.
cepacia BC16 (genomovar 1), B. multivorans ATCC17616 (genomovar Il), B. cenocepacia 12315 (genomovar
I, and B. vietnamiensis G4 (genomovar V). The tree was constructed using MEGA7 and further customized

for presentation with iTOL, with P. aeruginosa strain PAO1 serving as the outgroup.

Assessment of Antibiotic Sensitivity

Broth Microdilution testing demonstrated that ceftazidime (CAZ), meropenem (MEM), and
trimethoprim-sulfamethoxazole (SXT) effectively inhibited the growth of all tested B. cenocepacia isolates.
Table 3 displays the minimum inhibitory concentration (MICs) of each antibiotic for each strain, as well as

the with the corresponding CLSI breakpoints (Table 3) for B. cepacia complex.
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Table 3 Minimum Inhibitory Concentration (MIC) breakpoints

MIC breakpoints (ug/mL)

S | R
Ceftazidime <8 16 > 32
Meropenem <4 8 > 16
Trimethoprim/Sulfamethoxazole < 2/38 - > 4/76

Source: CLSI M100 (CLSI. Performance Standards for Antimicrobial Susceptibility Testing, 34th ed. CLSI
guideline M100. Clinical and Laboratory Standards Institute; 2024.)

Table 4 Minimum Inhibitory Concentration (MIC) of antibiotics against B. cenocepacia isolates (n=5).

MIC range (ug/mL)

Ceftazidime Meropenem  Trimethoprim/Sulfamethoxazole
SCBC65 4-8 8 2/38
SCBC75 4 4 1/19
SCBCT7 4 4 1/19
SCBC86 a4-8 1-2 2/38
SCBC87 2-4 4 1/19

All five B. cenocepacia isolates tested were susceptible to the antibiotics commonly used for
treating Bcc bacterial infection at KCMH. As shown in Table 4, the MICs varied among strains, demonstrating that
the tested antibiotics remain effective against B. cenocepacia strains. This information is crucial for guiding

therapeutic decisions in clinical settings.

Whole Genome Sequencing and Antibiotic Resistance Gene Analysis of B. cenocepacia Strain
SCBC75

Hybrid whole genome sequencing was used to assemble the complete genome of B. cenocepacia
SCBCT5, revealing its chromosomal structures and plasmids (Figure 2). The genome of B. cenocepacia
SCBCT5 was compared to the reference strain J2315 (represented in yellow in Figure 2) to identify genomic
differences. The comparison revealed substantial genomic differences between the two strains, particularly

in the plasmid sequences. These differences likely reflect the higher rate of gene exchange in plasmids
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compared to chromosomes, as well as the distinct geographical and environmental origins of the two strains.
We then identified antibiotic resistance genes (shown in red in Figure 2) on all three chromosomes and plasmids
of B. cenocepacia SCBCT 5. Using ABRicate with the CARD RGI and NCBI databases, we identified resistance genes, as
detailed in Table 5. On chromosome 1, we detected genes with 81.29% and 88.24% identity to amrA and amrB,
respectively. These genes encode component of the AmrAB-OprM multidrug efflux complex, which confers
resistance to aminoglycosides such as amikacin and gentamicin. The amrA gene also corresponds to a locus in
P. aeruginosa PAO1 and LESB58, suggesting a genomic relationship between B. cenocepacia and P. aeruginosa
(Jassem et al., 2014; Westbrock-Wadman et al., 1999).

On chromosome 2, we identified the resistance gene omp38 with 80% identity. Heterologous
expression of B. pseudomallei Omp38 (BpsOmp38) in Omp-deficient £. coli host cells reduces permeability,
lowering susceptibility to penicillin G, cefoxitin, ceftazidime, and imipenem. Mutation in this gene could
decrease the uptake of carbapenems, cephalosporins, cephamycins, and monobactams in Burkholderia

(Aunkham et al., 2014; Siritapetawee et al., 2004).

Table 5 Antibiotic Resistance Genes Identified in B. cenocepacia SCBST5.

Located Gene %Coverage  %ldentity Product RESISTANCE

Chromosomel amrA 93.67 81.29 Efflux pump subunit of the aminoglycoside
AmrAB-OprM multidrug efflux
complex

amrB 99.23 88.24 The membrane fusion protein of  aminoglycoside

the AmrAB-OprM multidrug efflux

complex
Chromosome2 omp38  95.63 80.44 Permeability channel for the carbapenem,
antibiotics penicillin G, cefoxitin, cephalosporin,
ceftazidime, and imipenem cephamycin,
monobactam
opcM 99.93 96.36 Outer membrane factor protein aminoglycoside,
found in B.cepacia. It is part of fluoroquinolone

the CeoAB-OpcM complex
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ceoB 100 98.12 Cytoplasmic membrane aminoglycoside,
component of the CeoAB-OpcM fluoroquinolone
efflux pump

CceoA 99.92 96.97 Periplasmic linker subunit protein  aminoglycoside,
of the CeoAB-OpcM efflux pump  fluoroquinolone

penA 99.89 89.79 PenA family class A beta-lactamase ~ BETA-LACTAM

Using ABRicate with the CARD RGI and NCBI databases in Galaxy platform (Galaxy, 2024)

Additionally, we found the genes opcM, ceoA, and ceoB, with 96.36%, 96.96%, and 98.12% identity,
respectively. These genes are involved in synthesizing protein factors and subunits ofthe CeocAB-OpcM
complex, another multidrug efflux pump in the B. cepacia complex thatexpels aminoglycosides and
fluoroquinolones, contributing to resistance against these drug classes (Hussin et al., 2024).

Comparison with the NCBI database revealed a sequence with 89.79% identity to the penA of B.
pseudomallei. This gene is known to confer resistance to beta-lactam antibiotics through the production of
a class A beta-lactamase, an enzyme that hydrolyzes the amide bond in beta-lactam antibiotics such as
ceftazidime. This enzyme utilizes an active site serine residue its catalytic activity (Devanga Ragupathi &
Veeraraghavan, 2019; Rholl et al,, 2011).

This whole-genome sequencing (WGS) study focused on identifying potential antibiotic resistance
genes in a single B. cenocepacia isolate from Thailand, rather than investigating the specific mechanisms
by which each gene contributes to resistance. Our goal is to establish a foundational knowledge base for
future research on this pathogen in our region, particularly regarding the expression and regulation of

antibiotic resistance genes.
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representation of the complete genomes of B. cenocepacia SCBCT75 (inner ring) and reference strain J2315
(outer ring).

e [Blue]: Genomic regions of SCBC75, shown as two regions with arrows indicating the direction of

gene functions.

o [Yellow]: Genomic regions of J2315.

e [Red]: Antibiotic resistance genes identified in SCBC75 (CARD database).
Additionally, other details within the genomes of B. cenocepacia SCBC75 are shown, such as:

e [Grayl: GC content.

e [Dark green]: GC skew+

e [Purple]: GC skew-

e [Lilac]: tRNA regions.

e [Light Green]: rRNA regions.

e [Magenta]: tmRNA

e [Others]: Various genomic featres as applicable.

Conclusion

This study focuses on B. cenocepacia, which is the most commonly found species among all
species in the complex (LiPuma et al.,, 2002) and it is also the species that significantly increases the risk of
mortility in those infected compared to other strains in B. cepacia complex (Syed & Wooten, 2021). By
employing the established gyrB gene sequencing method, we identified five B. cenocepacia strains among
ten Bcc isolates from King Chulalongkorn Memorial Hospital, Thailand. These strains were susceptible to
commonly used antibiotics, suggesting that current treatment regimens remain effective. The predominance
of B. cenocepacia underscores its importance as a cause of Bcc infections at KCMH. However, the presence
of other species, such as B. cepacia and B. vietnamiensis, highlights the need for accurate species
identification to guide appropriate treatment decisions.

The antibiotic resistance profiles of the five B. cenocepacia strains isolated and tested against the
three antibiotics currently used for treating bacterial infections at King Chulalongkorn Memorial Hospital
revealed that all strains remained susceptible to these drugs.

Whole-genome sequencing (WGS) of randomly selected strain, B. cenocepacia SCBC75, a clinical
isolate from Thailand, revealed significant genomic diversity compared to the reference strain J2315.
Notably, we identified several genes associated with antibiotic resistance mechanisms, including penA (beta-
lactam resistance) and two families of efflux pump genes (amr and ceo) conferring resistance to

aminoglycosides and fluoroquinolones, respectively. The presence of these genes in a clinical isolate
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underscore the potential for the emergence of multidrug-resistant B. cenocepacia strains, posing a
challenge for treatment and infection control.

This study represents one of the few investigations employing molecular techniques to identify
and differentiate strains of the B. cepacia complex, specifically focusing on B. cenocepacia, which was
found to be more prevalent than other species. The genomic analysis of B. cenocepacia SCBC75 aims to
enhance the understanding of genes associated with antibiotic resistance mechanisms in this strain,

potentially paving the way for future research into its resistance profiles.

Suggestion

Research on B. cenocepacia in Thailand is still limited, highlighting the need for continued
investigation into its prevalence, virulence, and antibiotic resistance mechanisms. While this study provides
valuable insights into the genomic features and antibiotic resistance genes of a clinical isolate, it was

constrained by limited time, sample size, and budget.
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Lung and Blood RNA Expression Analysis to Identify the Potential Drug Target for
COVID-19 Patients with Cytokine Storm

Bayu Cakra Buana® Natapol Pornputtapong?

Abstract

The outcome of SARS-CoV-2 infection may differ depending on factors, especially age. The elderly
population is more likely to have a severe condition than the younger population. However, several young
people suffer from severe lung diseases, leading to multiple organ failure and death caused by dysregulation
of cytokine release, known as a "cytokine storm." The cytokine storm was first reported in 1993 in graft
versus host disease and many tissue transplantation cases, but the mechanism and specific treatment have
not yet been discovered. The transcriptomic analysis of RNA expression data from both lung and blood
samples of COVID-19 patients was conducted to gain insight into the potential mechanism of cytokine storm
in COVID-19. The data were obtained from the Gene Expression Omnibus database. The RNA reads were
processed, aligned to the GRCh38 genome reference, and normalized after batch correction. Differential
gene expression analysis was utilized to identify the potential contributors to the cytokine storm. Following
this, the gene list was used for the co-expression network analysis and immune cell fraction analysis to
identify a potential drug target for COVID-19. The analysis identified five genes, including IGLV5-35, C8B,
INHBC, TNFSF11, and AMHR2, as potential contributors to the cytokine storm. Among them, AMHR2 exhibits
the highest fold change compared to the other genes and plays a role in the immune system-related
pathway indicating that AMHR2 is a prospective drug target. AMHR2 dysregulation might disrupt the
equilibrium of the TGF beta signaling pathway, causing pro-inflammatory macrophage activation and
enhanced cytokine release. The systemic effect will lead to a cytokine storm. Therefore, modulating TGF

beta signaling via AMHR2 can potentially inhibit the cytokine storm in COVID-19 patients.

Keywords: Cytokine storm, Covid 19, Transcriptomic, Drug target
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Introduction

The SARS-CoV-2 virus outbreak in 2019 caused a global pandemic with a profound impact, leading
to millions of deaths worldwide (World Health Organization, 2023).In the case of COVID-19, several factors,
including sex and age, significantly influence disease severity (Takahashi et al.,, 2020; Farshbafnadi et al,,
2021; Ahmad, 2020). Senior population individuals tend to experience more severe disease outcomes and
higher mortality compared to the younger population (Ahmad, 2020; Farshbafnadi et al., 2021). The senior
population has potentially had higher disease severity than the younger population due to dysregulation
in immune aging. The dysregulation shifts the immune cell responses toward inflammatory states, up-
regulates inflammatory gene expression, impairing the adaptive immune system's ability to limit infections
and inflammation (Farshbafnadi et al., 2021). However, in some cases, several young people suffer from
severe lung diseases indicated by hyperinflammation and low oxygen saturation (Metha et al., 2020; Cao
2020). The condition is triggered by the dysregulation of cytokine, known as a "cytokine storm" (Guo et al,,
2021; Rowaiye et al., 2021).

Cytokine storm is a condition that occurs when the immune system fails to eliminate a viral
infection and subsequently promotes inflammation along with the elevation of the number of cytokines
released in the blood (Guo et al., 2021; Schultze & Aschenbrenner, 2021). Besides SARS-CoV-2 infection,
several viruses infections including, HIN1, Mers-CoV, and SARS-CoV, can trigger cytokine storms. However,
SARS-CoV-2 induces a more complex immune response compared to other infections. SARS-CoV-2 infection
triggers the production of both pro-inflammatory cytokines, including TNF-Q, and IL-6, and anti-
inflammatory cytokines, including IL-4, and IL-10. This leads to more widespread immune dysregulation. On
the other hand, SARS-CoV's Thl-dominated response with lower IL-10 levels and MERS-CoV's higher IL-6
and IL—1B levels with less regulatory T cell involvement, as well as from influenza’s Th1 cytokine profile,
where SARS-CoV-2 exhibits a more diverse Th1/Th2/Th17 immune activation (Pacheco-Hernandez et al,,
2022; Liu et al., 2021).

The complex immune response within cytokine storm caused by SARS-COV-2 infection triggers
severe conditions in COVID-19 patients, with the most common symptoms being hypoxemic and respiratory
failure, leading the patient to be admitted to the ICU (Hariyanto et al,, 2021). Identifying potential drug
targets is essential to overcoming cytokine storms in COVID-19 patients and enhancing their survivability.
Furthermore, the underlying cytokine storm mechanism still needs to be determined, whether it is the
direct effects of the virus or the synergistic effects of both (Meftahi et al., 2020; Wang et al., 2020). Besides
causing lung damage, cytokine storm also influences the cytokine level in the blood, which triggers systemic

effects, including leucocyte overactivation and recruitment to the infected site that leads to an excessive
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pro-inflammatory mediated response (Aglero et al., 2021). Thus, the gene expression analysis should be
conducted within the blood and lungs as the systemic effect not only dysregulates cytokine activity in the
lungs but also in the blood.

The development of transcriptomics analysis has a potency to reveal the molecular mechanisms
underlying complex diseases (Paananen & Fortino, 2019). The transcriptomic analysis was used to identify
potential targets for Alzheimer's disease by identifying differentially expressed genes in Alzheimer's disease
and normal brain samples (Patel et al., 2019). Furthermore, correlation networks are frequently used to
examine gene expression data and collect biologically important data from genes with comparable co-
expression patterns. Co-expression analysis has successfully identified drug targets for several infectious
diseases, including influenza, tuberculosis, and hepatitis (Hasankhani et al., 2021). This study attempts to
identify the potential drug target for COVID-19 patients with cytokine storm through transcriptomic data
analysis and network-based analysis. The patient's gene expression data and clinical conditions were
collected from the public database and the original publication. Differential gene expression, differential
expression at the pathway level, gene co-expression network analysis, and immune cell fraction analysis
were used to identify a potential drug target for COVID-19 cytokine storm patients. Potential targets should
be upregulated in the lung and blood, which are part of immune-related pathways, and they should be of

regulatory importance in network analysis.

Purpose
The research aims to investigate the potential drug targets for Covid 19 patients with cytokines
storm according to gene expression in the lung and blood using differential expression analysis and gene

co-expression network analysis.

Research Methodology

Data Preparation

Lung and blood Transcriptomic data from COVID-19 patients were collected from the GEO database
with identifiers GSE150316, GSE134692, and GSE183533 for lung, GSE155454, and GSE166424 for blood.
These datasets included samples from both young and senior populations, with ages ranging from 15 to 77
years, and included both men and women (Desai et al., 2020; Sivakumar et al., 2019; Budhraja et al., 2022;
Chan et al,, 2021). The data were assigned to normal, non-trigger, and trigger cytokine storms. The normal
group comprised samples that did not have an infection of SARS-CoV-2. On the other hand, the COVID-19
sample that tested positive and had one or more clinical conditions such as pneumonia, edema, dyspnea,

hypoxemia, and ARDS, was categorized as part of the cytokine storm trigger group since these conditions
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are developed by a cytokine storm (Fajgenbaum & June, 2020). The non-trigger group consists of positive
COVID-19 samples that do not exhibit any of these clinical criteria.

Blood and lung data were prepared separately during the preparation process. First, the gene with
a count lower than ten counts per million (CPM) was filtered out (Lun et al,, 2016). Afterward, the data
were normalized using the trimmed mean of the M-values method by Robinson and Oshlack (2010). The
Gene co-expression network analysis data set was prepared by normalizing the filtered-out data using reads
per kilobase per million (RPKM) by EdgeR function. Data preprocessing was done to ensure the data quality

for further analysis.

Differential Expression (DE) Gene Analysis

The DE analysis can be employed to investigate genes associated with the disease's condition. The
analysis compared the gene expression from the cytokine trigger group sample to the non-trigger cytokine
storm and normal groups. The analysis was conducted using the edgeR robust method in the R-based
package: edgeR to prevent the interference of the outlier data in the case of the high level of expressed
count dispersion (Robinson et al., 2009; Zhou et al.,, 2014; Raithel et al,, 2016). The results with P-value <
0.01, False Discovery Rate (FDR) < 0.05, and the absolute value of Log Fold Change (LFC) > 1 were

considered as differentially expressed genes (Sadanandam et al., 2020).

Differential Expression Analysis at Pathway-Level

The differential expression analysis at the pathway level was conducted to gain more insight into
the relationship between differentially expressed genes and biological activity. Firstly, the gene set
containing a list of genes, and their associated pathway was obtained from the Reactome and the KEGG
database (Kanehisa & Goto, 2000; Kanehisa, 2019; Kanehisa et al., 2022; Gillespie et al.,, 2021; Jassal et al.,
2019). Then, the gene set enrichment score calculation was done using the R-based package: GSVA using
normalized CPM (Hanzelmann et al., 2013). The hypothesis was that there are no significantly different
enriched pathways in cytokine trigger samples compared to negative and non-trigger samples. R-based
package limma was used to conduct the analysis. The results with P-value < 0.05, FDR < 0.05, and an

absolute value of LFC > 0 were chosen as significantly different enriched pathways limma (Smyth, 2004).

Cell Fraction Analysis
Cell fraction analysis provides information on the relative distribution of 22 immune cell types and
subtypes within samples. The samples' relative percentage of immune cell fraction was identified using

Cibersortx. Cibersortx identifies the cell abundance by comparing the normalized CPM value of genes from
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the data set to the single-cell gene signature matrix (Newman et al., 2019). Analysis using Cibersortx was
conducted on the website interface (CIBERSORTX, n.d.) using the LM22 signature matrix and batch correction
removal running parameters. Since the number of samples in each group is unequal, the mean comparison
of relative fractions from several immunological subtypes is compared using Welch's t-test (Zhengiu & Ke-

Hai, 2010).

Gene Co-expression Network Analysis

A gene co-expression network is utilized to identify the crucial genes in a specific biological system
under certain conditions. The network construction began by computing the correlation coefficient between
genes within the gene set using the RPKM normalized data of the samples. Each gene is represented by a
node, while the co-expressed genes are connected by edges. Prior to network construction, C2 curated
gene sets were imported as a gene set reference using the GSVAdata library on R studio. Afterward, the
prepared data sets from the primary data set preparation were imported to the R studio. The gene co-
expression network was calculated using Gene Set Net Correlation Analysis (GSNCA) by "GSNCAtest" and
"plotMST2.pathway function ()". GSNCA introduced weight to each gene according to its cross-correlation
with other genes. The essential gene in the network tends to have a high weight (Rahmatallah et al., 2013;

Liu et al.,, 2019). The top 10 highly connected genes are considered the hub genes.

Results

Data Preparation

The gene count of RNA expression in lung tissue was retrieved from the GEO database, accession
numbers GSE150316, GSE134692, and GSE183533, whereas the data for blood was obtained from
GSE155454 and GSE166424. Based on the clinical condition of the samples, 80 lung samples and 96 blood
samples are eligible to be assigned to the groups. Table 1 of the supplementary materials presents the
subject information. After batch correction, the data showed a more dispersed distribution instead of being

clustered according to its batch. Supplementary Figure 1 visualizes the result of batch correction.

Differential Gene Expression analysis

The differentially expressed (DE) genes analysis approach is used with the prepared data set to
identify the significantly changed genes for the cytokine storm condition in Covid 19 patients. Out of 25,541
genes in lung samples, 2188 genes were detected as upregulated genes, and 493 genes were

downregulated, as shown in Figure 1A. In addition, the blood DE analysis reveals that 3,337 genes are
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upregulated, while 523 genes are downregulated. The DE genes from the lung and blood are compared to
find the upregulated genes in both tissues. As shown in Figure 1 C, there are 290 intersection genes between
the lung and blood. Gene set from the KEGG dan Reactome database was utilized to observe the biological
relevance of the 290 upregulated genes. According to the KEGG and Reactome database, the 290
intersection genes are involved in 62 known biological pathways with at least two genes as members of
the pathway gene set (Kanehisa & Goto, 2000; Kanehisa, 2019; Kanehisa et al., 2022; Gillespie et al., 2021,
Jassal et al., 2019).

The intersection of genes associated with immune system signaling and cytokine signaling was
observed to narrow down the gene candidates, as immune system signaling and cytokine signaling
dysregulation might trigger the cytokine storm (Guo et al,, 2021; Yang et al, 2021). According to the
Reactome immune system signaling gene set, intersection genes associated with the immune system
signaling are IGLV5-35 and C8B. On the other hand, The KEGG cytokine-cytokine receptor signaling pathway
reveals that INHBC, TNFSF11, and AMHR2 are associated with cytokine signaling activity. In addition, the log-
fold change (logFC) of AMHR2 is consistently high compared to the other four genes.
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Figure 1A. Visualization of lung DE result, 1B. Visualization of blood DE. DE genes that exceeded -1 and 1

log fold change thresholds are displayed in red, while those that did not are shown in blue. Non-DE genes

with a p-value above 0.01 are below the black dashed line. Figure 1C illustrates the number of

upregulated genes in the lung, blood, and intersection genes. There are 290 genes upregulated in lung

and blood samples, whereas 1,898 genes are only upregulated in the lungs, and 2,524 genes are only

upregulated in the blood.
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Differential Pathway Expression Analysis

Differential pathway expression analysis compares gene sets to identify a highly active pathway in cytokine
storm trigger samples. The investigation included 604 pathways, for which information was acquired from
the databases of the KEGG and Reactome gene sets (Kanehisa & Goto, 2000; Kanehisa, 2019; Kanehisa et
al,, 2022; Gillespie et al., 2021; Jassal et al., 2019). There are 469 and 54 significantly upregulated pathways
at 0.05 significant levels in lung and blood, respectively. As focusing on the immune-related pathways, the
KEGG TGF beta signaling pathway, Reactome signaling in the immune system, and Reactome innate
immunity signaling are significantly upregulated in cytokine storm lung samples, while only the Reactome
complement cascade is significantly upregulated in cytokine storm blood samples, as illustrated in Figure
2A and B. Furthermore, no upregulated pathway in the lung has been identified as an upregulated pathway

in the blood.
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Figure 2. Volcano plot of differential pathway expression analysis: A.Lung, B.Blood. The red dot reflects
significantly different expression pathways, while the green dots represent non-significant pathways. The
red dots with a Log2 fold change greater than zero show enhanced expression in cytokine trigger samples

compared to negative and non-trigger data.
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Table 1. Gene weight within the gene co-expression network

Pathways Genes GSCNA weight Rank
Reactome Immune system signaling IGLV5-37 1.005 149 of 344
C8B 0.917 224 of 344
KEGG TGF beta signaling pathway INHBC 0.885 55 of 82
AMHR2 1.059 27 of 82

Gene co-expression network

The gene co-expression network was built using gene set information from the Reactome and KEGG
databases (Kanehisa & Goto, 2000; Kanehisa, 2019; Kanehisa et al., 2022; Gillespie et al., 2021; Jassal et al.,
2019). The Reactome immune system signaling pathway co-expression network is constructed from 344
genes, while the KEGG TGF beta signaling pathway has 85 genes, as illustrated in Supplementary Figure 2.
The analysis demonstrates that the co-expression patten of the KEGG TGF beta signaling pathway in lung
cytokine storm trigger samples is not significantly different from co-expressed compared to the non-trigger
samples. A similar result was obtained for the Reactome immune system signaling pathway co-expression
network. Besides, the analysis provides a net gene correlation value term as a weight for each gene in the
network, with AMHR2 having the highest weight and the lowest rank compared to INHBC, C8B, and IGLV5-
37, as described in Table 1. Since the TNFSF11 is not part of any of those pathways then it was not
included in Table 1.

Cell fraction analysis
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Figure 3. Lung immune cell fraction means comparison: A. Macrophages MO0, B. Macrophages M1, C.

Macrophages M2, D. Activated dendritic cell, E. naive CD 4 T cell, F. T cell gamma delta.

The analysis attempts to observe the relative immune cells of lung cytokine storm trigger samples, lung
cytokine storm non-trigger samples, and lung negative samples. Under the P value 0.05 cutoff, lung
cytokine storm trigger samples had a significantly smaller proportion of macrophage M0 and M2 than
negative samples. In contrast, their macrophage M1, T cell gamma delta, and naive CD 4 T cell fractions
were significantly higher compared to the negative group. Furthermore, the lung cytokine storm trigger
group has a significantly lower activated dendritic cell fraction and higher T cell gamma delta than the

cytokine storm non-trigger group. The comparison is illustrated in Figure 3.
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Discussion

Prior to analysis, the low-count and zero-count data were excluded since the genes may not achieve a
biologically meaningful level (Bourgon et al., 2010). Both typical gene expression data with values less than
10 are technically noise and filtering them will improve the statistical power of the analysis (Law et al.,
2018; Lun et al. 2016). The batch correction was necessary since the data came from different technical
processing batches and were prone to data variance caused by the experimental batch rather than by the

biological condition (Zhang et al., 2020).

The cytokine storm in COVID-19 disturbs lung and blood hemostasis (Fajgenbaum & June, 2020; Shen et al,,
2021). Hence, the primary criterion for examining the potential therapeutic target for cytokine storm in
COVID-19 patients is that the genes must exhibit increased expression in both the lungs and blood. Besides,
the upregulated genes can potentially be drug target candidates, as it is relatively more convenient to
inhibit the target activity than to activate it (Sloris et al., 2018). Moreover, as the cytokine storm arises from
the deregulation of the immune system (Fajgenbaum & June, 2020; Shen et al.,, 2021), the specific target

should also be linked to pathways relevant to the immune system.

In comparison with other coronavirus infections and influenza, SARS-CoV infection initiates the release of
chemokines such as CCL2, CCL3, CCL5, and CXCL10. The chemokine will recruit the immune cells to the
infection site. The recruited cells, including dendritic cells and macrophages, produce an excessive number
of cytokines like TNF-QL, IL-6, and interferons which can lead to cytokine storms. Meanwhile, MERS-CoV
infection induces cytokines production, including IL-6, |L—1B, IL-8, and IFN-Y, but with a slower response
compared to SARS-CoV (Liu et al,, 2021). Unlike both coronaviruses, severe influenza infections are often
associated with high levels of both pro-inflammatory cytokines, including IFN-Y and IL-6, and anti-
inflammatory mediators like IL-10 and TGF beta (Pacheco-Hernandez et al., 2022). The increasing production
of both pro-inflammatory and anti-inflammatory cytokines is also observed in cytokine storms caused by

SARS-CoV-2 infection, which leads to a complex immune profile (Liu et al., 2021).

Based on the findings, AMHR2 could be a prospective target as its expression changes are relatively high
among the other prospected intersection genes related to immune system activity. A study by Matteucci

et al.’s (2020) utilized the CD8+ T from peripheral blood cells of patients with COVID-19 cells treated with

TOL1 and LPS to observe how TOL1 might modulate or counterbalance the strong inflammatory response
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induced by LPS. The study demonstrates that AMHR2 was consistently expressed and regulated, suggesting
a possible regulatory role of AMHRZ in cytokine signaling and immune response pathways. The increasing
activity of AMHR2 may trigger the increasing activity of associated pathways, such as the KEGG TGF beta
signaling pathway (Kanehisa & Goto, 2000; Kanehisa, 2019; Kanehisa et al., 2022; Gillespie et al., 2021; Jassal
et al,, 2019). As demonstrated in differential pathway expression analysis, the KEGG TGF beta signaling
pathway was positively enriched, indicating that the overactivity of AMHR2 might potentially enhance KEGG
TGF beta signaling pathway activity. The findings are consistent with a study conducted by Shen et al.’s
(2021), which argues that the cytokine storm observed in COVID-19 is a consequence of the imbalanced
cytokine activity induced by the heightened TGF beta activity. Increased TGF beta activity inhibits the
process of lymphocyte differentiation and proliferation, resulting in a decrease in the number of
lymphocytes in circulation. Consequently, it will delay the adaptive immune response and induce cytokine
storms in patients with Covid 19 (Gillespie et al., 2021; Shen et al,, 2021). In addition, the activity of AMHR2
might have an essential role within the gene network as its net correlation value is relatively high compared

to the four other intersection genes.

The immune cell fraction was analyzed to gather additional data regarding the potential impact of the
highly active AMHR2 and KEGG TGF beta signaling pathway, which might potentially initiate the cytokine
storm. The upregulation of AMHR2 has been reported to cause the M1/M2 disequilibrium through the
activity of the TGF-signaling pathway. The M1 macrophage is an activated macrophage with pro-
inflammatory properties that is responsible for eliminating pathogens and infected cells. On the other hand,
the M2 macrophage plays a role in promoting tissue healing and cell proliferation. These distinctions have
been supported by studies (Orecchioni et al,, 2019; Italiani & Boraschi, 2014, Beck et al,, 2016). The
polarization of M1 macrophages correlates positively with lung injury and TGF beta activity (Wang et al,,
2021). As AMHR2 was highly upregulated in lung and blood samples, its expression may disturb the
equilibrium of the TGF beta signaling pathway, resulting in the M1 macrophage fraction being higher than
the M2 macrophage fractions in lung trigger samples. As a result, the excessive production of AMHR2 can
stimulate the function of TGF beta signaling, leading to the differentiation of MO macrophages into M1 and

subsequently triggering inflammation in the lung.
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Figure 4. Cytokine storm potential development. The upregulation of AMHR2, a member of the TGF beta
signaling pathway, may induce the TGF beta signaling pathway. It may induce the upregulation of the TGF
beta signaling pathway and might trigger M1 macrophages, and T cell gamma delta proliferation. Following

this, an excessive amount of proinflammatory cytokine will be released.

Further evidence of TGF beta signaling activity causing a cytokine storm can be seen in the elevated
proportion of T gamma delta cells in samples that generate a lung cytokine storm. T gamma delta cells are
a type of T cell that has a T-cell receptor (TCR) with gamma and delta chains. It is present in various tissues,
including the lungs, for maintaining tissue homeostasis by producing cytokines to overcome viral infection,
and its activity is enhanced by the TGF beta activity (Cheng & Hu, 2017; Peters et al., 2018). Therefore, the
study of differential gene and pathway expression showed that increased AMHR2 expression and enhanced
TGF beta pathway activity may lead to the production of excessive cytokines by T gamma delta cells. The
potential cytokine storm development is illustrated in Figure 4. Overall, the examination of immune cell
infiltration shows that the increased expression of AMHR2 may trigger the upregulation of the TGF beta
signaling pathway, which in turn activates pro-inflammatory macrophages and enhances the release of

cytokines by T gamma delta cells.
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Suggestion

In summary, the analysis demonstrates that 290 genes are upregulated in the lungs and blood of
COVID-19 patients with cytokine storm. Among these genes, there are five that are linked to pathways
relevant to the immune system: TNFSF11, IGLV5-35, C8B, INHBC, and AMHR2. AMHR2 exhibits the highest
fold change compared to the other genes, suggesting that AMHR2 is more active. The increased expression
of AMHR2 may result in excessive activation of the KEGG TGF beta signaling pathway, leading to the
augmentation of pro-inflammatory macrophages and T gamma delta cells' production of cytokines. This
systemic action can lead to the occurrence of a cytokine storm. Thus, AMRH2 can serve as a promising
target for alleviating cytokine storms in Covid 19 patients through the inhibition of the KEGG TGF beta
signaling pathway. However, additional research is required to confirm the effectiveness of AMHR2 as a

therapeutic target for suppressing cytokine storm activity in patients with COVID-19.
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Abstract

The purpose of this research was to study the effects of Eclipta prostrata Linn. or Kameng extract
against drug-resistant bacteria using agar well diffusion method , with ciprofloxacin (10 Mg) as the positive
control and 1%DMSO as the negative control. The Kameng extract obtained by maceration with ethanol
followed by hexane, dichloromethane, ethyl acetate and butanol. It was found that Kameng extract at
concentration of 20 mg/ml was effective against the drug-resistant strains of bacteria such as Escherichia
coli 0449 Escherichia coli 0484 ESBL ampc, Klebsiella pneumoniae 0486, Klebsiella pneumoniae CRE and
the standard bacterial strains, including Staphylococcus aureus ATCC 29213, Staphylococcus aureus ATCC
25923 and Escherichia coli ATCC 25922. However, the extracted showed no effect against some drug-
resistant strains, including Acinetobacter baumannii MDR and Pseudomonas aeruginosa MDR. The
preliminary results of this study indicated that Kameng extract was effective against the standard strains of
both gram-positive bacteria (Staphylococcus aureus) and gram-negative bacteria (Escherichia coli). It also
showed slight effectiveness against the drug-resistant strains (Klebsiella pneumoniae and Escherichia coli
ESBL, ESBL ampC, CRE). Further research is needed to determine whether Kameng extraxt can be developed

into wound dressing for stop bleeding and inhibiting drug-resistant bacteria.

Keywords: Eclipta prostrata Linn. extracts, Effects against drug-resistant bacteria
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v

witlen witedla 1Wune vaaude JdUiaa #imnaen a0 dakandlunnsned 1
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P17 1 dnuazansananesiaInsvinazatea 5 ¥ie wasesavvemandnansananuenlaansvnazanesaUSuiu

anseady (% Yield)

ansafady Anwarasanansille Y © (% Yield)
fiou WASANA
ann
Ethanol 1den wilen 9.0 0.0266 0.31
Hexane fidana D 9.0 0.80 8.89
Dichloromethane 1den willeanile 9.0 3.354 37.27
Ethyl Acetate fahmaiden wilen 9.0 0.0922 1.03
Butanol ddwenades Wu| 9.0 0.88 9.78
Yaauda

wamasaualveatouuaiiFeramsdugatn

Fouvafi3ofiuenldandsdmsnnesiias (Clinical isolate) $1u7u 10 anesifug l¥ud e MRSA 1 ane
ﬁuﬁj fio Staphylococcus aureus MRSA) Tnalasioen Tetracycline, Chloramphenicol uag Linezolid fuunaidu
duaugnatsvedleula 31, 20 wag 30 mm aud1RU wasliinareresn Gentamicin, Oxacillin, Ciprofloxacin,
Erythromycin, Clindamycin wag Penicillin Svunawdusugudnansvediaula 11, 18, 8, 6, 6 uaz 12 mm aua16iv
o ESBL 6 aneiug dun Escherichia coli 0449 Winaladiasn Tetracyclin wag Ciprofloxacin SutAduKY
Audnatsvedlaula 29, 29 mm aud1dy LavAesaEn Penicillin waz Ampicillin fvwaduiugudnaavedeula
6, 6 mm MUAGU Escherichia coli 0529 ??am'am Ampicillin, Tetracyclin, Ciprofloxacin ﬁmmmﬁusjm@uﬁﬂmﬂ
vadlwuld 6, 7, 6 mm MudIRU Escherichia coli 0484 ESBL ampc ?ﬁyaﬁiam Tetracyclin, Vancomycin iag
Penicillin flvwadusugudnarsvedleula 6, 6, 6 mm aud1dU Klebsiella pneumoniae 0486 Aosoen
Penicillin, Vancomycin ﬁsummLé’uﬁhugusﬁﬂmwaﬂ%u‘ia 6, 6 mm AUaIRU Klebsiella pneumoniae 0509 ﬁa
sogn Ampicillin, Ciprofloxacin, Penicillin uag Tetracyclin Hvunaidurugudnarsvadleula 6, 6, 6 uaz 6 mm
puaiu Klebsiella pneumoniae 0567 vikalasiae Chloramphenicol fivwawdunuaugnatsvedlaula 29 mm
Tinalauunanssiesn Ciprofloxacin Svmnaduriiuaudnatwedeula 22 mm Aosien Penicillin fvunadusriy
Audnatsvedlaula 6 mm W0 CRE 1 anewug laun Klebsiella pneumoniae CRE Rosaen Vancomycin, Ampicillin,
Chloramphenicol Hvuawdustu audnarsvedlwula 6, 6, 6 mm audwy @e MDR 2 anefiug laun
Acinetobacter baumannii aﬁyaﬁiam Ciprofloxacin, Vancomycin, Penicillin, Ceftazidime ﬁ‘ummﬁw\hu@uéﬂma
vodlewla 6, 6, 6, 6 mm AWEWU Pseudomonas aeruginosa AesBEN Chloramphenicol, Ciprofloxacin,

Amikacin flvwaduiugudnatsvedleula 6, 6, 6 mm MuEIRY WeAmENUTIINTTIUIWIY 6 anefiug Lawn
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Staphylococcus aureus ATCC 29213 Twnalisiesn Ciprofloxacin, Gentamicin, Tetracyclin, Oxacilin,
Chloramphenicol, Erythromycin, Clindamycin, Linezolid ﬁ‘umﬂLﬁuﬂﬂu@uéﬂaﬁﬂmaﬂiﬁliuia 27, 25, 36, 28, 30,
21, 30, 35 mm SIUARU e Staphylococcus aureus ATCC 25923 Tvimalameen Ciprofloxacin, Gentamicin,
Tetracyclin, Cefoxitin, Chloramphenicol, Erythromycin, Clindamycin, Linezolid ﬁmmmﬁw\im@uﬁiﬂmwaﬂ‘uu
Ta 26, 25, 31, 27, 26, 28, 28, 31 mm AUARMU Enterococcus faecalis ATCC 29212 Tvnalisioen Gentamicin,
Chloramphenicol, Erythromycin fvunawdusinuaudnansvediaula 24, 23, 25 mm aua1du waylinalilusedu
Uunanwioen Tetracyclin Svnaduimuaudnarsvedtaula 15 mm Escherichia coli ATCC 25922 Tvinalstoe
Imipenem, Amikacin, Ciprofloxacin uag Tetracyclin fivwnidunugudnavedaula 29, 26, 38 uag 27 mm
PR Klebsiella pneumoniae ATCC 700603 liikalisiaen Imipenem Huwadurugudnatsedaula 29
mm - waglrallussduiiunansiesn Ciprofloxacin Svwaduiaudnarwedeula 25 mm Pseudomonas
aeruginosa ATCC 27853 Trnalsoen Imipenem, Amikacin, Ciprofloxacin, Gentamicin ﬁ‘ummﬁusjm@uﬂﬂmﬁ

wodlaula 24, 21, 33, 31 mm AWEWU (M50 2)
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3 2 auadusiugudnansveslaula (inhibition zone) uarmsulananisaaeunulvetesiaasinugadn

o yuadurinugudnasvadievla (mm) / wanansmaseuaalavesde
M AK | CIP GEN TE FOX CHL ERY CLI LZD P VA AMP
[
wuaiiSeaEy
Wughown

Staphylococcu | ND | ND 8/R 11/R 31/S 18/R | 20/S 6/R 6/R 30/S ND ND ND

s aureus MRSA

Escherichia coli | ND | ND | 29/S ND 29/S ND ND ND ND ND 6/R ND 6/R
0449
Escherichia coli | ND | ND 6/R ND 7/R ND ND ND ND ND ND ND 6/R
0529

Escherichia coli | ND | ND ND ND 6/R ND ND ND ND ND 6/R 6/R ND
0484 ESBL

ampc

Klebsiella ND | ND ND ND ND ND ND ND ND ND 6/R 6/R ND
pneumoniae

0486

Klebsiella ND | ND 6/R ND 6/R ND ND ND ND ND 6/R ND 6/R
pneumoniae

0509

Klebsiella ND | ND | 22/ ND ND ND ND 29/S ND ND 6/R ND ND
pneumoniae

0567

Klebsiella ND | ND ND ND ND ND ND ND 6/R ND ND 6/R 6/R
pneumoniae

CRE

Acinetobacter ND ND 6/R ND ND ND ND ND ND ND 6/R 6/R ND
baumannii

MDR

Pseudomonas ND | 6/R 6/R ND ND ND ND ND 6/R ND ND ND ND
aeruginosa

MDR

a o
LUANILIYEY

WUSUIATFIY
9 &9
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Staphylococcu | ND ND 27/S 25/S 36/S 28/S 30/S 21/S 30/S 35/S ND ND ND
s aureus ATCC

29213

Staphylococcu | ND | ND | 26/S | 25/S 31/S 27/S 26/S 28/S 28/S 31/S ND ND ND
s aureus ATCC

25923

Enterococcus ND ND ND 24/S 15/1 ND 23/S 25/S ND ND ND ND ND
faecalis ATCC
29212

Escherichia coli | 29/ | 26/S | 38/S ND 27/S ND ND ND ND ND ND ND ND
ATCC 25922 S

Klebsiella 29/ | 21/s | 13/R | 24/l 6/R 28/S 9/R ND 21/5 ND ND ND ND
pneumoniae S
ATCC 700603

Pseudomonas | 24/ | 21/S | 33/S | 31/S ND ND ND ND ND ND ND ND ND
aeruginosa S

ATCC 27853

yN@LAR ND: Not done, IMP: Imipenem 10 [g, AK : Amikacin 30 g, CIP: Ciprofloxacin 10 g, GEN: Gentamicin 10 g, T: Tetracyclin 30
Mg, FOX: Cefoxitin 30 Mg, CHL: Chloramphenicol 30 Mg, ERY: Erythromycin 15 Mg, CLI: Clindamycin 2 Mg, LZD: Linezolid 30 Mg VA:
Vancomycin 30 Mg, P: Penicillin 10 units, AMP: Ampicillin 10 Mg

qwémmmsaﬁ'ﬂnzLﬁasiamsﬁ'mL%aLmﬂﬁﬁa
dothansatmnadanmadevgrssudeuuaiiSenuiasatnnzdiann Ethanol figrsudenuaiide
maﬁuﬁ:ﬁy@m Escherichia coli 0449, Escherichia coli 0484 ESBL ampc LLazmaﬁua:mmg’lu Staphylococcus
aureus ATCC 29213, Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922 wag 19 Tieulavun
8.01, 10.51, 10.01, 10.03 k@ 9.02 mm MU a@15ainngLiiaann Hexane ﬁqwéﬁmﬁaLLUﬂﬁL%‘&Jmaﬁuﬁ:?iyam
Escherichia coli 0449, Klebsiella pneumoniae 0486 LLaxmaﬁuﬁ:mmgm Staphylococcus aureus ATCC 29213,
Staphylococcus aureus ATCC 25923 1¢1 Tilwulavunn 9.01, 8.51, 9.03 uay 10.53 mm MUERU a@sanangiile
910 Dichloromethane ﬁqm%‘é’wut,%mmﬂﬁL%‘&Jmaﬂ’uﬁ:?iyam Escherichia coli 0449, Klebsiella pneumoniae 0486,
Klebsiella pneumoniae CRE LLazaﬂaﬁuﬁmmgﬁu Staphylococcus aureus ATCC 29213 18 Tleulavun 8.01,
10.52, 8.52 wag 8.01 mm @UdRU asananziieann Ethyl acetate ﬁq‘mé y’luL%’eJLLUﬂﬁL%‘EJﬁ’IEJﬁuﬁ:gaﬁl’l
Escherichia coli 0449, Klebsiella pneumoniae 0567 LLazaﬂaﬁuﬁmmgm Staphylococcus aureus ATCC 25923,
Escherichia coli ATCC 25922 1¢ Tilaulavuin 851, 8.02, 10.02 waz 9.02 mm AWAWU a@1sainnzLiean
Butanol ﬁqwéﬁﬂm‘%@LLUﬂﬁL%‘EJmEJWua:mmgm Staphylococcus aureus ATCC 29213, Staphylococcus aureus

ATCC 25923, Escherichia coli ATCC 25922 ¢ Tiilaulaauin 8.51, 11.53 way 8.52 mm ANUSINU LasNUINEs
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¥
v = =

afanzidlvndviazanedis 5 wie ldflgvSdudenuafiSeaneiugiesn Acinetobacter baumannii MDR,
Pseudomonas aeruginosa MDR LLazmaﬁuﬁ:mmgm Pseudomonas aeruginosa ATCC 27853, Enterococcus
faecalis ATCC 29212 lsae dausamuanuiniildlunisfineiife Ciprofloxacin 10 pg Tilaulasuin 28.52 mm

wazmimuauaude 1%0MSO lailileula (1519t 3)

3T 3 Andedurugudnatsegrisiudewuaiisemenugissuavaneiudinasguvesasataneisinu

WU 20 meg/ml andvhazane 5 aia (Ethanol, Hexane, Dichloromethane, Ethyl acetate, Butanol)

AAduRugUInaaYEAURLUATISsvasEnsaianzdle (mm)

Rip) Ethanol | Hexane | Dichloromethane | Ethyl acetate Butanol

wuAfilSuaewugnoen

Staphylococcus aureus MRSA 6.01 6.01 7.01 6.51 7.51
Escherichia coli 0449 8.01 9.01 8.01 8.51 7.52
Escherichia coli 0529 6.01 6.01 6.01 6.02 6.01
Escherichia coli 0484 ESBL ampc 10.51 6.51 6.01 7.51 7.51
Klebsiella pneumoniae 0486 6.01 8.51 10.52 7.51 6.01
Klebsiella pneumoniae 0509 6.01 6.01 6.01 6.51 7.52
Klebsiella pneumoniae 0567 6.01 7.51 6.01 8.02 6.01
Klebsiella pneumoniae CRE 6.01 6.01 8.52 6.01 6.01
Acinetobacter baumannii MDR 6.01 6.01 6.01 6.01 6.01
Pseudomonas aeruginosa MDR 6.01 6.01 6.01 6.01 6.01

a a v g
LUANLIYEIINUIUINIZ U

Staphylococcus aureus ATCC 29213 10.01 9.03 8.01 6.51 8.51

Staphylococcus aureus ATCC 25923 10.03 10.53 7.51 11.02 11.53
Enterococcus faecalis ATCC 29212 6.01 6.01 6.01 6.01 6.01

Escherichia coli ATCC 25922 9.02 7.51 7.01 9.02 8.52

Klebsiella pneumoniae ATCC 6.01 7.51 7.01 7.51 6.01

700603

Pseudomonas aeruginosa ATCC 6.01 6.01 6.01 6.01 6.01

27853
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afuTENAN1TIY

MnIAnwNUIasat g afiaadudy 20 me/ml 714 Ethanol, Hexane, Dichloromethane, Ethyl
acetate uay Butanol \usvhazas aflgnidudenuailiSefivarnvanertswueiiSounsuuan Staphylococcus
aureus uazLUATIGBUNTIAY Escherichia coli aneiuganasguld ueninildamuiansatnnadmndavhazanets 5
wiln ﬁaﬁqmﬁ(ﬁmﬁamﬂﬁ L'%EJLLmuaUmsJﬁuﬁ:?Tam Klebsiella pneumoniae, Escherichia coli ESBL, ESBL ampC uaz
CRE fuenldangaeldidniosdnine aonadestuimisevesnsnun enlefunsd (2561) fifnwarmannsalunis
Frudouuaiise Staphylococcus aureus, Klebsiella pneumoniae, Escherichia coli ¥asansaiangisisaindumng 9
flafinfemaiin Soxhlet extraction 1l 30% Ethanol usvhazaedeiBmeammudutuianiiaunsosudade
1@ (Minimal inhibitory concentration : MIC) wuana1sanaaindiuandulinmn MIC e Staphylococcus aureus,
Klebsiella pneumoniae way Escherichia coli ﬁmwwffm%’u 25.0,12.5,12.5 mg/ml anudnu druansanaanlunazenen
nzdialsian MIC ‘UGGL‘?}Ia Straphylococcus aureus, Klebsiella pneumoniae, Escherichia coli ﬁ AUYNTU 125, 12.5,
125 mg/ml ey wamdlidiuhansatansdsdenuannsadudadouuaiiFens 3 aewusléa (snun lonleu
29, 2561) wazfIdanAaeanuuITevas Wiart et al. (2003) ‘17"ﬁﬂmmiﬁmﬁya@ﬁuﬁﬁmaaﬂzl,ﬁq’l,uﬂszmﬂm,aL%EJ
Wi ansarinnsdsannsadude Staphylococcus aureus wililanansadudle Escherichia coli 8 wazansneey
U89 Prachayasittikul et al. (2010) wananavas MIC ‘Uaﬂl,%ya Staphylococcus aureus Iewinfu 64-256 Hg/ml uag
Pandey et al. (2011) ¢ Anwnaruannsalunisdudowuad Seunsuuinuazunsuauvesansarinannedlslugumile
A (@udililldsn) lusvhavanevianeiiaaiu Acetone, Ethanol, Methanol, H,O, Hexane 728735 Agar well diffusion
methods, MIC, MBC WU31@15dA 910 Hexane ﬁqwéﬁﬁuLﬁya LUATILS 8 Staphylococcus aureus, Bacillus cereus,
Escherichia coli, Salmonella typhi, Klebsiella pneumoniae, Streptococcus pyogenes, Pseudomonas aeruginosa 161
fun luaaei @158 man Acetone, Ethanol, Methanol, H,0 ﬁq%éﬁﬂuﬂmﬂﬁmﬁymwﬂﬁL?Sﬁ&ﬂﬁ"}%ﬁ&Uﬁ’U
Ciprofloxacin 25 pg/ml uaﬂmﬂﬁmﬂswmmms’i%’wmugwﬁaﬁ Aunans wazan (2563) idnngvdvesansariangidly
fomsfuie Staphylococcus aureus #8735 Disk diffusion wudnansaranzitefild Ethanol 1 udavharanedae
wmAila Soxhlet extraction g3 Anianisatnd2eimaiia Maceration Inoiiidus 1ue ud nansleulagud wio
Staphylococcus aureus Wiy 28.31+0.1 Wy 26.24+0.11 mm AMuE19U LeUAUeIm1955IU Clindamycin 0.3 mg

nilduiugudnandleula 34.14+0.08 mm dgvidinudie Escherichia coli wuindidinieslnenuinansarianzudlafily

<
=

Ethanol {usiwhazanesieinaiia Soxhlet extraction fgvisAnitarinsaeweila Maceration Inefidunugudnadlau
lagugae Escherichia coli winfiu 10.92+0.52 wag 8.74=0.10 mm ausduiisuiuemnsgiu Clindamycin 0.3 mg

¥ &

Ailduiugudnandaula 17.68+0.11 mm (ugfad dunany, 2563)
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JoLduBLUY

£
av a

namsiteiiduissnsinund esduiinanddiiviuiiansatanudiiuenaindgrisuuuaiiSounsuuan
Staphylococcus aureus wazunsuay Escherichia coli anewuganasgiulduddaignisudouuadiFoun suay
m‘aﬁuﬁjéfﬁlm Klebsiella pneumoniae Way Escherichia coli ESBL, ESBL ampC, CRE ﬁLLUﬂlé’ﬁﬂﬂﬁﬂ?ﬂlﬁLﬁﬂﬁaﬂ
ndae mnaedinmhasatanaddulduselonidu msvandunaamefoulsuradmiuiudenuasiude
wuafi3sResn uazilesndngnilunisdiueyyadasy onaldidundntasiomaaiy asinnsauvhnisare
a1sdAgannzialaely Ethanol, Hexane, Dichloromethane, Ethyl acetae way Butanol iusvinazaieuas
LLEJﬂ?ﬁiﬁ?ﬁ'ﬁgiﬁLfJumiU%E‘j%éI%I‘fﬁ% High Performance Liquid Chromatography (HPLC), Gas Chromatograph

- Mass Spectrometer (GC-MS) kag¥inN15nAaaunnsag o vadansanauIgvistudagaeninsdnwiiiusiusely

LONA1391989

nsnun tenleBuad. (2561). msdnusyyadaszuazqvsmsTInmesansarinnzils. (Antioxidant activity and
bioactivity of Kameng (Eclipta prostrata Linn.) extract. [ineninususgeyineirmansumUndin
(wAluladTan1n), YnINe1dusISUAERS].
https:.//www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=http://ethesisarchive.libr
ary.tu.ac.th/thesis/2018/TU_2018 5809032138 5001 10348.pdf&ved=2ahUKEwjro8GGgLKIAXUCU
McHHkIOg4QFNoECBoQAQ&uUsg=AOVWaw2cnT72uT8K7nJaQtNuQuBlJ

ugnifad dunans, 1hdes tayan uas amns venamd. (2563). Mavueyyadasy Mafun1SniauLagnsiY
\Fouuniiunedwesansainnzis (The Antioxidant, Anti-inflammatory and Antibacterial Activities
of False daisy (Eclipta prostrata L.) Extract against acne inducing bacteria (Cutibacterium acnes).
[5789739y, ininedemaluladsvusnagissaugil.
https:.//www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://research.rmutsb.
ac.th/fullpaper/2563/research.rmutsb-2563-
20211002171157688.pdf&ved=2ahUKEwjDgPUNgrKIAXWMRWwWGHYX9BS8QFNOECBYQAQ&uUsg=AOWW
aw2cbGegjqGp3d9ES8elil0C0Z

W Wlinsaune. (2540) ansynsuayulnslne saumdnindunsslng. (afsd 1). To woa wiuRs 1814,

CLSI Standard & Guidelines (2024).

https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://clsi.org/ast-
2024/&ved=2ahUKEwjDkZLjgbCIAXUQzTgGHU5tAHWQhN-
wKegQIIBAD&usg=AOWaw3CALIIYOy8o7dGCLule5zk

Mounyr Balouiri, Moulay Sadiki and Saad Koraichi Ibnsouda. (2016). Methods forin vitro evaluating
antimicrobial activity: A review. J Pharm Anal., 6(2), 71-79. doi: 10.1016/j.jpha.2015.11.005

Pandey, MK, G.N. Singh, R. Sharma, S. Lata. (2011). Antibacterial activity of Eclipta alba (L.)
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hassk. J Appl Pharm Sci, 1(7), 104-107.

Prachayasittikul, S., Wongsawatkul, O., Suksrichavalit, T. and Ruchirawat, S. (2010). Bioactivity evaluation of
Eclipta prostrata Linn. Eur. J. Sci. Res, 44, 167-176.

Wiart, C., Mogana, S., Khalifah, S., Mahan, M., Ismail, S., Buckle, M., Narayana, A. K. and Sulaiman, M. (2004).

Antimicrobial screening of plants used for traditional medicine in the state of Perak, Peninsular
Malaysia. Fitoterapia, 75, 68-73.
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A Systematic Review of Men’s Experiences and Perspectives on Seeking Medical Assistance for

Erectile Dysfunction

% '
o

afdvs feduiiua (Apisit Tangsinmonkong )'{y fiawwe (Fon Ninkhate)?
UNANELD

nsnumsTainssuestadussuusfnuuszaumsaiiasssueweafmeiinnendeuaussan g
e (ED) enfumsimaulainfunnutsmdemsnsunmdsuguaimne nisdudnssunssulddiiunsiagld
M iiRtosiuandouaussanmManALaENgANssINUEIANTImEs lugudeya Medline uaz
CINAHL Fadamalilsunauiiieados 14 aduiidfaisznined wa. 2557 9 2567 wan1sAnwmuindadevans
Uszmsinadensinduladiniunnudismdevesduieiiiinig 0 ldun o1y sedunisfinun anugnisianu
awdlumsnuumd quamdn uasdndnuainana suassaddyinuliun amnuddnduets msiing Anufoa
Renfusatrafewsinisinm madhdsuinisiidiia wagnisviamufifeatunmg D dadvaiuayusinfienis

Y = v d'

Whilsdeyafiundeiio n1satuayuangATearaTauAsl kagn1sHAIUINIMINATaiiawisaldneuld

Y
¥ v

nsanwilidugfernuddyresnsiauinyeuazviruaivoEliuIn1mInsiwmg nsduaiuanuainvany
Tunnsliuins wazmsiauwunanisguaiigdUaedugudnansdmsune ED msumwissanssuiilvdoya
WedinffiauAenisusmsgsiasuaunn Hielryaainimanisunmddnlagdelafvuwasdanisiuguassaly

ANS5AWN

Ardfty NInuUITIINTIHegnlusyuu nrngeuanssan A guaimyane nsdadulauaiainns

$hwn MsUImsgsiasuaunm

! dnAnundngnsuivnsgsiadaudin @913 Business Innovation um3neausssudans fokuchzegmail.com
2 {gMmans1anse as. 9191380y IUsEdmaNgasuImsEInvmnUngie Aauyinerdunsiseuiwasfinwmansumnine desssy

A1@ns fon.ninkhate@gmail.com
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Abstract

This systematic review aimed to explore the experiences and perspectives of men with erectile
dysfunction (ED) regarding their decision to seek medical assistance for sexual health. A literature search
was conducted using keywords related to erectile dysfunction and help-seeking behavior in Medline and
CINAHL databases, resulting in 14 relevant articles published between 2014 and 2024. The study found
that several factors influence the decision-making process of men with ED in seeking help, including age,
education level, employment status, frequency of doctor visits, mental health, and sexual identity.
Significant barriers were identified, such as feelings of embarrassment, stigma, concerns about treatment
side effects, limited access to services, and lack of knowledge about ED. Supporting factors include access
to reliable information, support from partners and family, and the development of interactive digital
services. The study emphasizes the importance of improving healthcare providers' skills and attitudes,
promoting diversity in service provision, and developing patient-centered approaches to ED care. These
findings provide valuable insights for healthcare business management, helping medical personnel better

understand patients and address treatment barriers.

Keywords: Systematic review, Erectile dysfunction, Sexual health, Treatment-seeking decision, Healthcare

business administration
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unin

MNMIANYIMITEUININE MU Agndeuaussanwameadungifianuyngadususudu
TulsafiAendesiumaineeatnimuslumeane mnmsinyiluanisossnmuindniafennedouaussanin
mamelumaneluriseny 40-70 Y egiisosay 52 (Feldman et al, 1994) Tutszmasangy lutseguinnin 45

U agnfosas 53 (Frankel et al, 1998) uagluusewalng lurieny 40-70 Y agjﬁ%faaa: 37.5 (Kongkanand, 2000)

Y

v

NndeyannuynvesnzndeuansIanYNaNANTSns1getana 1 agvieulsiifiudsdaudseanssiuauunnd
IFsunansenuannaned lnaideifeudsuivaugnuedsaEesiinuesegndsauimiuii nuinmzvdou
aussaAnanAlaUYngenitegiitdudAty (Aekplakomn et al., 2018)

Azvgouaussnammandluye Ae anziiyanaliannsaviliesamaudinvieudsiliiioamente
msilmaduiuslinanelald way/vse dunaladnainnisannisudeinvasdnaduius (American Psychiatric,
2013) ailiflosnnuysdisduAnnmionsuanudonisiasmsndiug sssunAtseonuuulfuyudisnd
aussonmyananisundendmiunisduiug audduiueudesnisvesnalad (Maslow’s hierarchy of
needs) (Maslow, 1954) anuiosmsmaneaiodunnudesnsiogluduiiuguiiaavesuyud mnuyususzay
Haymiludeuna doudmalintameing q munnnnue s1¥edamndniuindianududeunintamau o
iesanfanssumanedufonssug masiiitgmanisngeuaussanmyana deudmanssnuiaguaasdie
wiurii vefienaanauaunsEnuionNdNius wavdwaliiinn1sng13esmiuanle (Dimeo, 2007) uenANAIE
fananazdamansznuseinemeuazgasod Samuitenadmansynudevtiniinisny wazmnuduiusiuiiiou
sy Wesnnidleinauiandnaifsatuauesuazaseuaia fagilvivinaund arusiilalusuies waz
wsegdlalumevihanu uazdmarenunmuazanuduiusieiiiousimnumunn deenudiialumirfinsnuiesdis
awdndny Tudeedinlngvanseusinliaudauddyundususuniaesdin devhauldliffyilfiAnan
fauntuludn wararuinafnanfasfivausunsswesnisiaamgvdeuaussonmvnane Hussguind
(Vicious Cycle) ﬁlﬂﬁ‘ﬁéuzjﬂ (Padma-Nathan et al., 1997)

Tusunesueaumg snuesinngndouanssaninmana lunngiliviliAsdanufinsviedein
(Mortality) é’aﬁguLwasTa'quTmy'ﬁqﬁ’]ﬂmﬁmaaﬁ‘uL%‘Iaqﬁqﬂa'n LLaxlaiauia?fﬁ]mmsuaaﬁ%’w%ms WAINAIIANE
wuiifinngvdeuassanmmanaazifnlsavasaidesinlaviovaendenauesisoas 2 melu 1 U uazfevas

A I Y

foduiuavngunnuazdaudaivasiunmdide (de Kretser, 2010; Kloner et al., 2023) fisiumin

=

11 melu 59 3

finsAnNsesuuIn1sBalinnigndouaussonmmaenaludewiy ssigliunmdaunsadsadumlsasiuiions

a

dwafsiinvaadsuuinistuswianld uinlundntdu 939 q udmhiveawnmdfonisinlinunmdin (Quality of

Y
v

life) v Suu3IN13ATU 13w lsrdsdesihanudiladuinuegradueadsiu (Holistic care) vianie 3m danu

g Feavammanidudaded Ay vi i Suuinsliguanieiidnudeiuves WHO unngTemasl

mmﬁﬂﬁzyﬁuL‘%'aaﬁﬂﬂéné’wrduﬁu (Al-Shaiji, 2022; Ezhova et al., 2020)

603



N15USEYUEUBNAUIIETLAVYIA N1 INY1F8FLUEsITUITINY AN 14

The 14™ STOU National Research Conference

Yagtuluasnmsuwnmdlve danuasenindlusesdymmanauintu Wnelud we. 2566 ladnadaiy

v
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WNNEYAERSINUNARBEEATUANTIYIVE e gRuTumdwisUsemelng Fsdeduinddyaiddngvedisnis
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windlve wienugnvedsaasinnuasisulinnunsentniluanisunmdinertulagmaindnunniu uiainnig

Y o

dunavesuIdenuinnduifidrsuuiniseddnguammadudviuleennifiadisuiugidnsuuinisulsameuna
viovae Fadudonuiiaulaegden mssmeladifingvdeuaussannmandlunwayes Idliszasdiidnu

A5

'
[ 1 a

nshanudilafsdadeiidmaronisdnduladisunselidisunisshvvesiUleddianuddayesned

7

desnarudlatagilugnsiaunszuuiinmemanisunndiinevaussausoansvosiiagldogieuiade
Ak dnsAnuitesiuiunninereu@nuiadofidmadenginssunisuaimnanutiemde (Help-seeking
behaviors) ¥esi{Uasfifingng suaussanmIaNA Wy MIRnwiinuinguisrniuindanudnaivady
NATN9LABIBINITINE (Zhang et al., 2014) WionsanwinuIshdnuwamunaiinase MswaIINANLTIBIMED
Ingyednmeaiediuilonanaisnauhemdetsuninyesnaiang (Grabski et al., 2022)
uAnaMsAnwIEiSinsEdnssneuazamsdaaneiesnaduszun vhlfendenisiluuszgndld

TumeuR Memgll nsvumuassunssueg1aluseuu (Systematic review) 3aianudnduegneds iesiusiu

@

At wazdaasgiesdrnuiiislegiisafusraunisaluazyueswesmeiiinnevdouaussnnmmanasio

N3ARAUlAN S UAINTIBLIE DN INTTUNNEATUFUNINLNA
nsfnuniaziaelidlaiatafefiduaiuanduglassedenndrfausnmsmienisunns sasaauainy

Fonsuazauaaniwetieseszuuuinisguam ngasaseunguUssiaua1 Wy anuidnduesuaznisi

n31 Gaduguassadidey (Bergvall & Himelein, 2014) w3oununvesnsaunswaseausalunisaduayunis

v a

fnauladnsun1ssnn (Hobbs et al, 2019) nadnsann1snumuIssanssuag1dussvuiavidulseloviagna

'
a

ganamsunng TngshisliunmduarupainimaniswimdidilaguuesuasUszaunsaivesdUielaandagdu
lUdnmsianuuimenisdears mstiauing uagn1sshuiliannuaziBensd ounasnoUALBIAINNADIN TV

Q’ﬂa&lﬁﬁ?jﬁu (Henninger et al., 2015)

' o
a v 1Y 7

wennil fazifudeyaddglumsiaunszuuuinismansumdfiieadesiuguamne idluudves

q

N13RONKULAN WA ENNIINENMTeIRdTin nsaluswnsunshinuiwazasanunsevin naenauns
YSuugauleusuasiuimalualunisguagthon1isndeuaussanmmiana Geaenndesiudoiauauusmidugii

AR rBIM IR EUMIMTRsUS MsIvanvanelasngauiulUIsusaznay (Hinchliff et al, 2021)

A15ANE S 03T T UUTLAUNIINITENNE weATANUABITIRUNISANEIITBEINTUNITUS ISR

v '
[ 1 = =

Wiy Wesnnnisuimemenisunndlutagdulalimnudidgyiunisdilagiuuinisinniu Fujadunisfinwen

14

anuAlLaENgANTILVRITUUSNSI DU IINARNAUATLETUSNISIRSIANNABINTS MIvianudilauseaunisal

a '

WuNes ANFAN waznsinduladisuuinisvesdSuuins AvdielvanIuneIUIaaINITABRNLUUNNTA AT

Y

N3rUIUNTIIUINNT wardsdneanuazaIndie o Aanddiauiun 1oitn wazaufionIsamzYaESuuInIg
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oY
yaa =

uiaznguldABedu msuinisiiihenidlakazaeulandfiuuinisediausiais asthlugarumanela aruilinda
wazeusiudeffngiuuinislumssnw FaazdsnasoyssavinavesnsinwuasaunndinvesFuuinslu
sy (Gualandi et al,, 2019)
msnumussunssuegafuszuuifnfulssaunsaiuaziuie e iianengouanssna NN
sonsindulatniuanutemdenenisumdduaunminelundsd Fvlildduseloniangaosnunmg
ity wisdnudluifivesnisdnmagsiausnisgunmiiifsuusniaduaudnansdnde dufu iseTedilatias
AnwUszaunisaluazyunesvesmeiiinnevdouaussanmnanAron1siin FuANTIBME oA TUNTE A

| walee

guamnalaeninduegdyfidnvnuideatul asamnsadlaiislszaunsaluazyuneavesdiuuinisedi

9 Y

v ' '
= = = Yyaa i3

ands weluussendldlunisdnrilassnsduaiuguaineng 9 wenseduligniannudeinisnisurdaiuund

Y

SudhsumutismionenIsundauau ANl ugn
inguszasA
ienumssaunssuegaduszuuieafiulszaunmsaluazyuuewoseiin s ngeuaussan e

AoN13ARAUlITUANNTIBRDNINTUNNEATUATA WA

52108U5398 (Method)

nsfnwididumsnuniuissunssuegiaduszuy (Systematic review) FaduiBnisideiifimasiuu
warilasgiteyaananuideiiisdesedadussuy Weduased uazaguosdmnuiifsafuussaunisaiuay
yuLeseIBTiiinNEngouanssanmamAsiomsindulaiifumuTismEemsnsumdsugun LI
fifoisudunssuiunslasnmssamanaiseiidaau Fadmiumsfinuilte Ussaunsoiuasuuesesg
fiflamengouaussanmmanatenisinduladifumamsmdonemsunmdduauammaduogdls anduld
fvuainaseilunsmiden Empirical studies uazinausidneandidaLau muﬁgaﬁmumgwwﬁa;ﬂauawd’mnmﬁ%ﬁw
nsAudu Bnstiasliianisfinuainnisyih Systematic review flaunindetiogs

msnunwssanssuegudusyuudiyanufieaunsasiususazduasginansidvannsdnwineu
wihdifiaumainranediiluudresisnisite vun weenquussnng fedslieeiimatandaanedlifuningy
oy mdnyludnuusiieglfiuulduasanuaesadomemansitelunmn e suftsssydesing
Tussdmnuiidsdosnsmsnwiiisifa

uennil Manumusunssuesaiussuuiifigunnazdesiuiiunslasfidmanefioansnf (Bias)

v o 4

Tilsuniige neluduneunisduAu nsAnidenawdde nsaiadeya waznisdunsieving lnednisivuainae

Y

& Y

nsAndeNkaAneenvalY dnszuiunsAanseazanadeyaiiiluszuy asiin1sussiiunnnInueanuiden

WNUNIL Fanszuaumsvaivieiiuanuieiovewanisinyiaranlenianaziineadlunisaguna
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¥
a & Ya v

nsanwilidunisdunseimedinsfinvidernunin lnefideldnmuanseulunisadndeyasinunaiy

U
[ a ' @

el 1. Jadenddnsnasenisdndulalunisidnsuanuismienienisunndauguaininadozlsvig

o

2. guassakazANNImend Suusnswdlunssuiunmsdedulafiozlsing 3. Yadeiiduasunioaduayuli

o a v a

wusmsdnduladniuanutiemdedioslstne 4. unumvesnseuns Aausa wavdsruiddenisindulaves

e e

fuusmsduegnils 5. anuuandmeiasssulaznivdaiienadssareysmeuas msindulavessiuuinsd
aglste 6. wuamdlumsimuikarysulsauinsnishinuylswi e Uym M unave sy ARINTNINITUNNE
TaonndastuamnudeanisuazUszaunisnivesyuuinsmaiduegadls 3nsdldnmsdunnmeiidaussens
(Narrative synthesis) tiasananumainuasvesguiuunmsinuiuassadns IngnsounquitsnisAnyideiina
waziBenmnm Seazdaelildymmesiinseunquiidlunivestoyaiivadfuazssaunsaideinvesian

MIUTIUITIANTIIeE sl sTuULUUAMA LTI AL UN ANy Isdseuenans fidaansvhan
iilasingmssiidudeu Falanuuandsainmsnumunssanssinensemg wu nmadieudieumadonlu
n3$nw Ainldadfuasdinszsiuy Meta-analysis mi"imswﬁ%’a;ﬂamnﬁ”’aaawizmesﬁﬂmﬁf\]zﬂhﬂﬁlfﬁﬂﬂ
waunltulnesuuazssandenddnvesszaunaniuazauememsfifinne douanssonmmanesons
srdulatrsuanutiemdenanisume

£ a c

wrastaya (Information sources) Mldlun1snumuissunssulifegudeyadidnnsednd laun Medline

o« U

&y 1

waz CINAHL TneAumieiu EBSCO Tuiuil 18 @A 2567 YaUlunueinIsauALATOUAQUTIIaITEnIngT 2014
fi3 2024 WzUNANUNTSINgY AITuuNALATENHIUNS Peer review wazdl Full text lnefAnwluuszans
WAYIENLN1IENGDUANTTANINMUNA wazgaiuninadnsingItuUTsaumMsallasyutawemenin e ngau

aussanmyanasian1sAndulainfuaNTIBmEeNINITUNNEA WAL

n1sAALdaNN1SANE (Selecting the studies)

nsdmdonnisdnuldinasinnsdad (nclusion Criteria) fail unanuiiisatostudszaunisaiuay
yunesesmeiitamanzugeuaussanwmanelume Tunsdhiumiugismdemamsunmddugun e
uneufiARuilunwsangy unauiidRussained 2014 S 2024 unauiidnw IR TnEwiiy
unAuiléFy Peer review wazumanaiiiu Full text iy

\nausin1sdiaean (Exclusion Criteria) léiuA unaruiuunaauuiiemd (Review Article) unussaunsns
(Editorials) Un3913a] (Commentaries) unaufi uentuiioainnaeidaidn (Inclusion Criteria) wazunaILi
wenwileangutoya Medline wag CINAHL

nagndlun1sium (Search Strategy) l9§umsiannlaefinnsanaindinnideuasuuiaavaniiieides

1 o w A o o

A3delaszumdAyaseunauiwifawanll saudsinfdanumneglndlfemiadudmesninuming (Synonyms)

3
v

Falau1annismumuissanssudeiu uanaind dalalddmiaruau (Controlled vocabularies) 11 Medical

Subject Headings (MeSH) alinsAumiianuasauaguwaziug1nNTy
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o

mddymanililunsdumuszneudeasingumdn Teun dufaduaigngouaussanmmiane
(Erectile dysfunction or Impotence or Sexual dysfunction) wazwgfnssuandulatisuanutismie (Help
seeking behavior or Help seeking behaviour or Treatment seeking behavior or Treatment seeking behaviour)
faeg1anasluarAuAe (("erectile dysfunction” OR "Impotence” OR "Sexual dysfunction) AND ("Help seeking
behavior" OR " Help seeking behaviour" OR " Treatment seeking behavior" OR " Treatment seeking behaviour"))

nsfumlssunmsusuuiduusiasgudeyalagldinges (fitters) tiiedrinnadndnunasinimun loun
2191 (F3ngW) TIIA0INSARNA (2014-2024) wFvasUszansiidny (nawe) msifunannuasudy (Full
text) WagNISHIUNINUNILLAERNSINNNA (Peer review)

uonandl Sefimsdumiiuiulnenssasunensdidsesunauiiisfouardumgidoundnuos
unANNd1Asy Msdufinnszuiunmsaunileeduiinseavidenvenagnsnsrumdviviiasguteyauazly
LUsUNTUIANITUTINIUNTY LU EndNote

Tumsdmdennisnu {3duldusnmiueasdfivinviisafumduduiasinusinsdadenunaing
iielifiulainnsnumunssunssuaseuaguLaznsaseduiuingUszasduasnisne enasdiiu3nulals
Auuzihlunsuiulgsmavduiiolinsouaquunndsdu uarlidolauowusioriunasimadadiuasdnoen
i ez auiureULUAvIN15ANY miﬁﬂmﬁyﬁwLﬁmmmﬁu%ﬁaLLasmmmaUﬂqmmmi‘wumu

I398UNIIY

nszUIUMIAAEanUNAMNTiReatasiulasinIs (The process of the selection of articles relevant to the
project)

nszuIuMsAadenunauiieItesiulassnsddunisegiadussuunuuuImng PRISMA italwle
wadwsfidaundefiouazanendlunisdniden 3uduainnisdudulugiudeyadidnnsoiind Medline uaz
CINAHL @ dlsinantsdumiodu 103 unar Tasudadu 75 unauan Medline wag 28 unAIIHATN CINAHL
Tuduneuusn Q’%ﬁwﬁ’wLﬁumié\’mwmmﬁ%ﬂ%’auaaﬂ 5 59813 AuMde 98 unATdMIUMIRRnTea oy

nsfanseadosusinfumslasnisfinnsaniedowuarundagerosunausia 98 s19ms Failugns
dnoon 80 unarwitlidulumannasimdadond fmualidimin demalvifiunanufiiunisdanseadesdu
F1U7U 18 918713 ‘U‘mmmmmﬁgﬂﬁwmﬁmsmLﬁamaﬂ’uLﬁﬂu‘i'jgumaueialﬂ

nsussidiudematiudumes 18 unarufiunsdanseadesiuilugmadnesniiunindn 4 unaa
desnldaenndestuinasinsdadenidefinsanienilasandon iefian nszuaumsdndenunanuliua

v &

ansiduunanuidinasivesiinnuierdesiuingUszasdveanmsfinudiuiuiedu 14 18013

UNANMUTHIUNIARE RN 14 s1ensgniunanateyalaglduuunesuf Wawnd uniuluswnsy

Microsoft Excel FansaunauusuinudAgnuingusvasrvainisdne nsdunasizideyandiiunislaegldisnig
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9.A51¥9AT9UTT8"e (Narrative synthesis) LﬁaqmﬂmqwamwmmmgﬂLmeiﬁnmLLaswaé’Wﬁ‘ﬁWU’Luwmm
fifaden
H338lanfiun1sTnseiiasinunan sAnwlae R IAINADAARBILALAIILLANANTENINNG
nsfinweing 9 luuunvesmauidouas Tngusvassiiiuualy uenaini Saflnsseydesivlussdanuiuas
Tomadmsunmsiselusuian Welauswuziianensinwsell
ﬂssmumiﬁwmff@i’wLﬁumima%’fmiﬁﬁuauaLLazﬁwLLuzﬁﬁmﬂmf\méﬁU?ﬂm Wioldiuladinig
numwssanssufianuaseunay gnaes waziiulununnsgiunmsiTenanng Kan1sSNUNIITIUNTILeLN
LﬂuszuuﬁazﬁwLauaiugﬂuwﬁL‘T';luszw 191579 WHUNH UaEN1TUTTEEAUAILMNZEY dieliAnautnLau

LATINEADNITVINAINLLTLD

A15199 1 LL?WNLLNUﬁQﬂ’]ﬁ%UVI’]u’ﬁiMﬂiillaﬁiNL‘fJ‘LJiz“U‘U

1. msAnwIANgIw9131nN1sAU (Sau 103 s19a13), Medline

(221 75 579079), CIANHL (37w 28 $18n19)

v

v 2. unAungiu @ 5 s1en19)

3. UNAMNANYIVBIRINNNTANNTITBLSBAY

unfnga (31U 98 s1en19)

4. unanufigndneenidiosanliidulununas

v

AsAnLden (Fwau 80 s18n19)

\4

5. unanuiiendedainnisennsaadiematiuidiy

@ 18 $18n19)

6. unanufigndneenidiosanliidulununas

v

o .
ANTAALADN (AUIU 4 519719)

\4

7. PuuuvenuiaviafignAnien (S 14 $18019)
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atvayuliSuuinsanduladisuanudiemie unumvesaseunss aausa wavdsauididenisdnduls
ANUUANANMNITAIUTTTULAE Vs ovdwas syt az M sindulavewlTUUINs wazuumnlunsiau
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v v
SN o
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1. Yadunisidnsnasianisdndulalunisidrduanuyaemaenianisunndduguamme
N13AnaUlatFUAINYILNE DN NN TUNNEATUFUNIMNAFINTUNTILIE DUANTTONNTINLNA
Tumetildsudninanndadonarnuais fedulszeinsmand dademsdningt uazuiunmedsauTausssy
Favigluil
1.1. 91y

o

ogiunilsluthideddgifinadonsdnduladisuuinismenisumddmsunnizrgou

o

v
P

AUTTONINNUNA ImUwud’]ﬁmaﬁﬁmqmﬂ%uuLLmIﬁuﬁ'%LLaNmmmmamé‘amﬂﬂiﬂ (Grabski et al., 2022;
Paulsen et al, 2020: Rasmussen et al, 2020) 41l Paulsen et al. (2020) WUINdnd1UIBINIEITUNTUT W
yansuwggegaoglungueny 50-69 9 uazanadlunguony 70 J3ulU Tuvmed Grabski et al. (2022) seydndie
o1ty 1 Y lenafifmeasuasmanudiomdenanindmiulygmmanadiuiuiosas 3
awvniifgeorgiunliudfuuimsnnnienaiennananuduneiuniswuummg e
dilainnzinuldveslutogeny uazeutnaiferfuguamlaesiufifiuuiniu (Rasmussen et al, 2020) Tu
fihoogtiesnuintnidenl dumesidnduuvasieyausn daangtiseguindsainuinwummelaenss (Zhang
et al, 2014)
1.2. sEAUMsAn¥Lazan1un1saliney
fifnsAnwgediuunliufiarnenugUassalunisidivinwunmdiiosndt dsenatfunain
mneudilafsatuguam snsslunsdeans uazmadnfedeyaiiangt uenani Smuindilailfeglutaee
vhaufuwaliiiosumanaudiemdomansunmdinnnd e1ailesnninaritannnii lddesinaiesnisan
9y uazenadivsyuguawidedvslunmsdnumeuiaiinseungusnndt (Rasmussen et al., 2020)
1.3, awdluniswuunmg
Fruaundslunsmuwmddetfunndufislenalunisumenanutiowmde Tasynaded
Sruaumsnuwnndsotifintu lemadifueauamanuismdodmiudymmanafiaduny fseraaeieuin
fifinnudunsiunsiurinismanswmsiunliifiendameuarvenutiswdedsatuiymmanauiniy
(Grabski et al., 2022)
1.4. §unn3In
glssumsitadomsdaneillonaumananutiemdedmsudgmmanannn gl
fe¥orar 65 deorafumzmniinnuduinsiunsiuuinsmeguandnegud vieoratilennuidenles
FEMINGUANIALALFVNINNIUNALINAI (Grabski et al., 2022)
1.5. SnanwalnIne

AANEANMWNATNARDNITHAINANUTILUED LAY SNNALRYITUL LD NALE9AINY

PredatiauniesnAILNA 59U89N15UNTAS RSN EAINIINAAALENIALUNISHEINIALYIEMED Tt una
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INANUATEAVBIRTANUVAINTAIENGNA FITIANUNTINTIRNUS TRV on1sAnT lusEuuUSMsguam
(Grabski et al., 2022)
1.6. avwRvaigafunadiafsswenisinm

nsfnwludssmaiunuin flhesindauinaiefumadiafoweimsnm lnaemsly
nauEUaseangann Aufnamarildun nadradeialy Tnefuisinaheniinatrafemineuisedns uslld
srynatradsdladaiau (Gevay 50) nmsfanen Tnenainmnngelden en1seravzudas (Gesay 46) wanseny
sondaniluiunme lefnainaldoaziammmdniusmemniull wavenrdmadodeguaim Gosaz 35)
NANTENUNMIUNINUBIINMEUDNT1INY Aadin1sTdondunisinuithidusssund iesaneengrlagld
NSTUIUMIWMIIUIINEUenI e iliidudusmesequnin (Fosas 39) uazarminalEesHansenuszzem

Tngamglungudthenteunn lneinainnisldeunmdunung Junnenddwaldudeaunin (Zhang et al., 2014)

g
¥ a A

1.7. mMsonsiuludnaeswvisanuduyie

< Aaa a i

msgauludnaasuisnudumedutaded Agniidnsnasensanaulaldosnwinng

wdouaussan e lneueiifiasuuunisaduludnaswisanudurieas uuildufiasdvinuafildause

Y
<

nsldendnen wasdanudalslunsldeniosas e nuesinslderdnarudunsuansiennulidume was
arvvilinauavesnuilureanas (Foster et al., 2021)
1.8. AMUAIAY VB HNAFUNUS TUANMUTUNUS
@Tﬂm:ﬁ“ﬂLLaNmmmﬁaaLuﬁaLﬁawamﬁmLﬁudﬂmﬁﬁmﬁ’uﬁ‘ﬁmmﬁﬁmiumirﬂ"%ﬁu
ANUFUNUS Imammﬁa’salﬁmﬁummﬁﬂwﬂﬁ]mameaqQ'L“ﬂuuaawé’mﬁ’uﬁ’]ﬁ’z:yiummammmwmhstﬁa
wenanil nansevurestgwimanasenuianelamaneemuewisedausanduladudfgylunmsdnduladn
JUUSMS (Hinchliff et al., 2021)
1.9. AMUARINIMIIUANMAYa TN
AR BINTT aznTvanun e ymmanadunsegslai ddnlunisuaamaniy
Fewde fiinsuidenaleauienisnyivaeuitymrsminiuininlsananievisell wu Jymeesluuvie
TsPpu 9 (Gahm et al., 2024; Hinchliff et al., 2021)

s

1.10. anufaieafunnazaigiug
sildlumgpadfuodiivuinsfennuinahdymiondmatenuannsolunisd
yn3 (Gahm et al., 2024)
1.11. Mswasuwlasursagnsluanudunug
mMadsunlasuegnslunnuduius Wy nsEuauduRusTiaseds V30AATOINBINTT

fuaduiusueetu vilidydaeuiuwazdunsegdalunsuaimnanudiewie (Gahm et al., 2024)
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Tagagy msdinduladhiuuinmsfieaingunmmanadiniunnevdeuanssanmyandlumg
fudunszurumsiidutounay|Fsudvinaandadovarnvans sailadvdiuyena mnuduius wasuiunmedsa
Sauszsn nadlatlademartagdglunsimuiuuamienisliuinsinevaussanudeanisvesdieldogisd
UsyAvBaTINNTY

2. guassanazauimeigiuuinisidglunszurunisdndulardniuannudaemasnnisunmg
ATUGUAIWLNA
nsdnduladnfumnutemdensnsumdduaunminadunszuiumsfidudounagitmedniy

o o

ASuuimvanesne lnslanzegedslungudviy idevatedulassuiisguassauavanuyimendAglunis

Wnflausnisiuguaiineg Jsanansaagulacsd

2.1. aAruidnduaisuaznising

o A '

anuidndueeiduguassaddyfidmasenisdnduladisuuinsimuguainme lnewuinguie
fiszfumnuidnduenasetiymmame (Self-stigma) ganingnds vilvidauadiazvennutiomdsusoydsszay
Ugyy1 (Bergvall & Himelein, 2014) ?faLfJummqwﬁﬂﬁﬁﬂﬁﬁﬂwLﬁaﬂﬁazhisuammmamﬁammmwélﬁaamﬂ
mmé’ﬁﬂma (Henninger et al,, 2015; Rasmussen et al., 2020)
msfnsmedsnnfidudniedvddy Tnensinsmedinuuasanudnaienfunwdnuaives
auduneiduguassaiviliguodualunsidiionmssnw lnsamglunguiatludnieiuisanudune
LLaﬁwuﬁ'ﬁimﬁLﬁummL‘f]mﬂEJ (Foster et al., 2021; Zhang et al., 2014)
2.2. AMUATIAEEINIINE
Fheinaieenaiinatiades uazuisoideinnisldouwuns funnoravinliquamugas
uaﬂmﬂﬁé’aﬁmmﬁ’maL?{enﬁuﬂﬁﬁ’%sn':tz‘vnfwmﬁi%%’nmﬁz:ymmuwvﬁﬁ’umﬁl%%’ﬂmiiﬂL’%@%&ﬁu 5| (Hinchliff et
al,, 2021; Zhang et al., 2014)
2.3. guassaiunsdnfauinig
AureUszavguassalumadrfsmnudiswidenuudstens wu nsliiintereninuiismdeain
AUU N15VIALABUUSNTANIENN SEULIIATTORIUY LLam”ﬂ%’a}"]aqaé’m%’w%ﬂmaﬂ‘uu (Hobbs et al., 2019)

=

uaﬂmﬂﬁﬂagmé’mmsﬂisﬁuqmmmﬂuqﬂaﬁﬂé’]ﬁm Tastawglungueny 19-24 Tidsnsinislafiusefugunn
gefie¥ouay 33 (Jiang et al., 2020)
2.4. pMsudrmndayaniaiien
Q'Smaﬁiwuaummﬁaﬂﬁ%ﬁwﬁagaLﬁEJ'Jﬁui‘]fymmuwmsiwuwm@umaiﬁmdau Tnoilsyaziian
AR aLAIEUTToINNTIUAINN TN SUNNSINNRe 24.5 oy (Russo et al, 2020) uazg¥eJenudnidenysnm

wndsdayaseulatinninislunuunndlasnse lneannzlungueny 19-24 U (Sellke et al., 2023)
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2.5. analliifuazauidnladin
duedruaunnlinsuihdnssnndmiuennsvesnuy wasdnldudlahasuinwunndavle
(Jiang et al., 2020) wonaNd ey ;Esm&’Jmmuuaddﬂ‘ﬂzymmﬁmeﬂuﬁadﬂﬂmui’sqqu (Hinchliff et al.,
2021)
2.6. Uademdningnazananeal
miﬂﬂﬂmé’mé’ﬂmﬁmmwmmzmiﬁmwiﬁﬂ%’uﬁmmumLf“{mﬁmaﬁawmw (Internalized

homophobia) a1aaalonialunisuaismaueieinas (Grabski et al., 2022)

2.7. anufivaafgafiun1sufdunusivyaarnsmanisunng
dUrsundutvainlunisdenaivewnnd (Fevay 14.3) niendriunndaznudgminig
guamerlsunsedn (Seuag 12.5) (Rasmussen et al,, 2020) wagH¥1eu1sdudauiIadunndonalalv

AnudAyiudymmamavesny ndvinnsyanesesdyrimanaediliunmgsdndnda (Henninger et al.,

2015)

v
o

Mndoyariamni adiuldngUassauazemuimelumadhiuuintstuguneiivannvianedia i
AUTNINET AU TAUSTIN WAEIEUUUINITAVNIN madladstadomandastaslunsiauuumienislduinig
finouaussauiesnisvesiuuimsldegnediusyaviamennty

3. Yaduitdustuvteaiuayuligiuuinsinduladfuanudlemaenisnsunmddruguniwwe

Tunsdnduladnsuarudismdenamsunndduguaimna Svaretladeiiduaiuvdeatvayuli
fsuuinadndula dall

3.1. unsstayauazn1suinm

madhdauvasteyauarmsvinniindeteluiaduddglunsdnduladiiuuing Tnounnd

Usgdaseuninduuvaseutemdedilsuniuiousnniian (fevas 54.8) lnslanglunguifenedifiongunnnii
35 T sesasnAedumeiiin (Fovaz 22.0) uazaseuniI/flou (Sesas 20.7) Faduiideslunguiiiengliosnin 35
T (Hobbs et al, 2019) uananil managefuummddaldsunsensuludingsisiosas 83 gy Reddit &
agviouliiuisnnuidesiulunisuinuummd (Sellke et al, 2023)

3.2. Yadudnuanudunusuasnisatuayu

o W o 1Y = '

AnuFsIn1sinwauduiusuusgddadiAydmsudiuuinig Tnernundafivzagdednses

v Y v Y

a

Wesandgmmana uwaznislasunisaduayuaingasesdagiunieluein iWudadenduaduligsuuinisdaduls

KWN5UNTS3NWT (Gahm et al., 2024)
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= v

3.3. madhdsdayauazuinig

o o v 4

Uadeddnydnusenisnilsfenisiiveyaeiudiiernguasanuiliusnsimangay saudans

17

o

idsngudieimdenuies Fudufufidmsuddfdagmedendeiulfuaniudoulssaunisal Joya uazlving
avfuayusesuaidatuLaz U (Henninger et al., 2015)
3.4. Uadgdun1susnis
Aldaglunsfnnimuneauwasnsanunsadisunmssnwldegssngs Wudaduddyfidma

sen1sanduladisuusnisluadtinguninime (Henninger et al., 2015)

andadusing q inanun azdiuliinisdnauladhiuanudismienianisunmdamuguainmetiu

v
o v 1%

Aedestunansfia vissunisitriadoya msatuayuainaulndd@n uagdadesunisuinig madlefedads
wiandlagte g lvuinsansaiawar Usuusnsliuinislinevaussaudesnisves] fuuinisidosiad
UsyAvEnmaniu
4. UNUMYBIATEIUATI ausa uazdeauiiiinenisindulavesdFuuinislunisidhiuautiemaams
NTUNNIFUFUATNNA
UNUMIYBIATBUATY fausa LLazé’nﬂuﬁmmé’wﬁ’mashns“iwiam5@1’@?1141%awﬁ%’w?mﬂumilfﬁw%’v
AraBAenumdsugun e Taslanizegnebdunsdvastgmmana snwifevanstulduansiiidiu
fedvisnavestadomanilunannransudayy
4.1. UNUMUBIFIAY
FsuiTdvBnaseanndenmsdadulaniuuimanenisunndueayana Inolawizog1sbslunsd
vosUgyymmame M3suinisinsmedanu (Social stigma) dpuduiudilsauiunisalasunisinw agvieuli
WinIvirupRvesdenuiinang1aannsenisdndulainSuusnns (Bergvall & Himelein, 2014) wanNil TiAuadma
Hpufuerimaagoidoanadudoosinu dwmadensiadulaumanaudiomdedugunimmna Tedliy
dwmﬁLU?auLLﬂaaﬁﬂuﬂﬁmadéﬁﬂmﬂ'aﬂzymmaLWﬂawLfluqagmﬁwﬁ’aﬂumsdqLﬂ%ﬂﬁ@ﬁﬁﬁagmﬂﬁ']ﬁ%vﬁ”ﬁumi
nwnsnniu (Hinchliff et al,, 2021)
4.2. UNUMVBIATBUATUALLNDL
ﬂiam%’au,azLﬁ"auﬁuwmm‘hf-ﬁ’aﬂumiaﬁuawLLaﬂﬁﬁWLmzﬁwLLdﬁﬁﬁﬂmymmuWﬂ Toglaniy
ogsBdlunguimeegtios fimsdnwmuinfesas 207 vesmefiityvmmaneanazumanasdiemde dend

Uinwaseundiseriiou lnslanglunguengtosndt 35 U nsUinwaseuaimiseioudududenilasuninu

'
P

fenunndnmsuSnunmdusziinseunda Jauanasainngueny 35 JauluidndenuSnwunmdidududiuusn

¥

Foyaddliiudnnudidgyuenisliinnuiuasnsaduayuinaseunsiuaziiiou weld aunsabirwugii

Y
v v

nepwavinzaufefuymamekngden1sauiemdsla (Hobbs et al,, 2019)

Y

U
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4.3. UNUMNYBIFANTAVTOAANTUNLS
fansavidegaruduiusiunumddyegdsdunsdadulatiiuuinmmensunmdvesiid
Jgynamiane mﬂmsﬁﬂmwudwmmmﬂﬂﬁuﬁmadLﬁlmﬁ’umawa'auamiamwwmmeﬂuwﬁﬂuﬁﬁmﬁﬂmi
Jymiildsunisnanis TneAndudesar 10 vesdansanunainnisdrsaalu Reddit (Sellke et al, 2023)
uenanil famuimsdemsuarnsatiuayuaingases mudsarmaanimanaaingases nanenisindulaiin
Jumsinw (Gahm et al., 2024)

AausadunundAylunisduaSunsuansmanuglsirionisniswnng luninduiu n15ve
nsdeasifefudymmanassningausaorafuglassadenisidndenissnu msildmsmvesgausaly
nszvrumstadianuddyedisd s Insgausadunummdnlunisiasy adaussgdanaglinisatuayunaen
N32UIUNTINY (Henninger et al., 2015; Hinchliff et al., 2021)

uena Nt JymmanaeadsnansznuaoANFURUSAILTUAUY e?fa-?jyiﬁLﬁuﬁammﬁwﬁzymamﬁ
Toienuiuasnsaduayuungansaviogaiudiug elvausadhlasassuslefudgmmanelsegramunzay
(Jiang et al., 2020)

Mndeyariamnil awiuliinasounth qausa uardsnuiiaviwasganndenisiaduladis

usnsmanmsunng laglanglunsdlvesdymmiame nmslinnusuaznisaiuayuunaseuns gausa uasdeny

'
o v o

lngsu Fadudsdfyfivedieduasulid ad lgwimamandifiazuamnanudismdouazidisunssnwedi

o

IS/ UREASEY

a o a

5. ANUWANANN TS TRILaEIvidsavdwmadayauauaznsAndula sunM st neng unwine

a o a o o 1

ANULANAIMNTINUST IR IVA B S waoeslitidAgysieyutaasnsdnaulavesysuuinislu
nstifuuimsmenisunng TnslamnzegnaddulssiiuiiAnadestuguammmana msAnwluvanananeuiun
mataussaulduandiidiuisanududouvestiadomani
5.1 3ndnavassmauisariAuaifeafiutymniang
findmseauiinaed 1sldduddy o AuAT LAY ANTIUNITUAIINIANYILMA BN
nsunng TnstamnglulssiduiiAeadosiugunimmana dnmsdnvinudn anuduiusseninenudenismaun
wazimunRnademinisina wamsﬁﬂmwudwﬁﬂﬁﬂmﬁﬂ’uﬁamamﬂ%aﬁﬁLLuaIﬁmﬁaziﬁﬂﬁumwiaﬂigmwmﬂ
(Self-stigma) uazdin1s¥usnsfinsandsau (Social stigma) lussiufigendniindnuniilaitufionaw fedunuil
%Iﬁl,ﬁudwmmLﬁ?famqmama'mLflui'j%é’aﬁwﬁ’aﬁdwaﬁamiﬁmﬁﬂaL%’ﬂ%’uu%msmanmt,wmé Tnganglunsdd
Aendastutlymmiana (Bergvall & Himelein, 2014)
5.2 AUUANANI9IRNTTIHTUATUENIMIANMNYIBLIIGED
JausssuiiuanefuseninssemeiinaognsnndesUlu UM UEmIMANNTIBIMEBM NS WING
1n1sAnwIUTBUTIEUNGANITUNITUEIINANUTIBINEDIZNINUTEIMNATULASUSTNANZ TURN NaN1TITELAAILA

wiudernuuanssegrednauluisnisdanisdulgmane Tudszmedu nuidrevedinlivsnwgausa
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Aeadudammana Fanssiudusuluussmans SunnegnsansivorandnsuasiSaea ﬁﬁﬂwﬁm}mﬁaﬂﬁﬂmd
ausardudusuusn mmLLmﬂsmﬁasﬁauiﬁt,ﬁuﬁqﬁw%wamaﬁ@uuﬁiiuﬁﬁ@iamiﬁamiLLazmﬁmmiﬁ’U{]mm
VN INNIUNA (Zhang et al.,, 2014)
5.3 HANTENUYBIAUSTINADNTTBULATNTTUFTnImawe

finsfnwludssmalduauduaznudl wiaglifanuuansianisadfluaugnues ED 581319
Mufiiflowasuum LL@fﬂa%’amﬁmuﬁﬁimwﬁmam'amiiwsmuuasm‘a%’uiﬁsnﬁ’ui]z:gmmmw% Taetanizlu
Ussmannuglsunanauazelsung Susen (Przydacz et al, 2023) TodanaildlifiuisanudAyveanisfinnsan
UsunmeTausssulunisussilivuazdnnisiutymauainmamne

Tngazy msfnwuvaniuandliifiuinnuusnsimeinussamuasings biasduduas

o w '

Useingl erdoumediny SulinaeglidedAydeunnetaznisindulavesifuuinislunisidrduuinimis

o ]

msunng lnswgegrsddulssiruiiietdesiuguainmaned anudilaluanuuandtamvaiiidsinnudiy

q

&

og198 dlumsiauiuumanisliuinsmanisunndifinnuazidens sunazmeuausifenui03n15Y0s
HSuusmsanvanvate JaussIy
6. wuamslunrsanazyFulgeusnisnisiiautiemie Uy min1aunAvasuAaINTmIeNIsunng
Tiisanndasiuanudainsuazyszaunsalvasgsuusnig
nsfauLarUusuinsmslimnusmde dymmanavosyaainsnisnsunme WWudsddalu
nsMaUALBIAINNBINNSYBNF UL TeENTUsEAVBEA M nmsnUYILIITeAsITes nudliuummans
UsgmsiianunsaunUszgndlfiflosnssdunanmnisuins il
6.1 nsaeauasErlinuaznisiinuiunansisae
nsasanunseriinuagbinuiunassazdunagnsddglunsduaiunisdiiiauinim
nsunnddmiulaymauninmane laglomzetnadannengeuaussnamynamna Kan1sAnwanvaIBILIe
Fhiudsenuddguesnslidayaiigniosuasindefonnussrisu Tnsiamgriuresmmseulay nisiam
wasdeyaindedie 1wu LIuludvesanaumanisnisume axtredesiumslasutoyaiiinnannuazdaadalyiii
ffymidriunsuinuandidomgmnisunndesiammnzan uonaind mslianudtisan mueisua
anudaalumsuinudgmavammana SadugUassadidaylunisidnfieuiang (Lin et al, 2020; Paulsen et
al., 2020; Russo et al., 2020; Zhang et al., 2014)

a %

6.2 NNSNAILINIT IHAUINISNIRING

Aaa v A a o

TugpimalulagfdvadunumdAgludinusedriu nsianinis ShwidiessuuAlIiaiuy

=b

a1u1saldnoauld (Interactive Digital Interventions) finun1nddnenmegnannlunisianugismdownni
Tymmame lngangegsdsdmsunguaneigtoenfuasfunslddunesiladuinasdoyauasanutieivie
iR uNannesuAIaniidveys Azl uaznsussluleswuaunsativangUassalunisidnfiauinisuag

iuanuagaInaugliligsuuinisldedaliuss@nsnim (Hobbs et al,, 2019)
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6.3 n15UFuUTINsliusnIsNenatin
msusudssnmslivinsmendtiniuiladdglunisenssaununnnmsquaguaInniane wwng
nyUfiRmlumsiiunumdgnlunsfumiaziiomderUaeifidgym anendeuaussanmmana laens
fisanawmaudansenisfuguammandlunisasaguamiald dsezvisananuduavesiaslunis
Unundgmil mslimuinymanamadudumdaesnsdnuiiugiumanaunmg Tasdimsfanunasgis
soidles Miludulszansnmuesnsinyuasadnafesiienafindu uenand nmadriuuinemanisunmdues
Fremsgnlfifulonalumsnnoi3edifidin anuduius wasdumdgmauamdu q fo1aiieade ilelsins
@LLaL‘?;JulﬂasmﬂsamquLLazﬁﬂiaﬁw%mw (Gahm et al., 2024; Rasmussen et al., 2020)
6.4 nsuTuUTeInesuaiAUARYE IR LTINS
Vinveuaziiruaivea iuInsinasgaundenanInnIsuInIskazauianelavessuusnig
Fluinmsmsuanimuaula yanset1e3eds uandamedugihe wieukiliteyaifivanvauazmadoniy
nMs¥nwiegnsuiu MInTaitademamsunmdansinedsazidenaseunsy Lagmsiauemadenlunisinwi
marnuane Han1slien nsde uaznisUatenaindsan nsligausaidausiulunssuiumsinwuasnis
HANHAUIENINNIT NI sumduaznsundamdndsauazdielinisguailuleginseunauuasnovaues
AnusIn1svasUigliegaiiusednsnim (Henninger et al., 2015)
6.5. MIAUFIUANUNAINUALUATAMUTINTEY
nslysnsiidilfsnmmanvatsuasanuvinfesndudnviswumeddylunsiannganm
U313 filmmaymsuansesnsgsdnauiauimnamsiiuimsiaseunquuat lsifinsianuvainvanemane nns
UsTyiEeansznIuMsAnmuaieslunguiiinnamainuaemandl flundngnsnisiineusudileamgastaeia
anudlauazawazideaseulunisliuinng Jeazdwmalvigsuuinisynngulssunisquasgravindouuasdl
AaININ (Grabski et al., 2022)

6.6. nMInszntinfuulliunisAundoyasaulail

lugaddiia f5uusnsiinfumdeyaiendulymmanamdumesilaneusnnwuunmg yaains

b eXe

mensunmgdsnsaszutndwwilduiivazldiiulenalunisuiuugenistiuinsliaenadesiuaudesnisues
dU7 n1svianudiladuuImenIsshwkasisn1snn q Auusiluuvasdeyaseulatardieliwnmdanunsal

musnewasnsinuivnzauldegnalivszdnsanunniu nvsdadulemalunisudluenudlaiouazlidoya

MgNABILNRSUUINT (Russo et al., 2020; Sellke et al., 2023)

nstuImemvainUseynAldeg 19y sun1saTRILensEAUAMANYBIUINIATTNaYA LN

Y Yo

Waenadasiuanudeinisuarszaunisalvesdsuusnisiiegelivssdnsnm dwaligsuuinislisunisguad

Y

ATOUARY AMATI LATATINIUAINABINITUINEAUY
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anUs18man1sIe
AsnumIssanssusgradussuuilamelmiutianududeuvesdadeninasanisinduladnsuainy

PIYNABNNNITUNNIA UV NNAYBE TNz puaNsTan mmIane lneaseunaunsladediuyana Jade

a

ey warladenieiausssy nansdnwilliiswsiidoyaiddinifeatulssaunisaliasyuueveadsuuinig

o

Wil wigadametiavesinvddglussuunmsiiuinsavnmdagdundedasunmsudludiousuusamadifues

q

QmﬂﬂW‘U@ﬂﬂ’]i@LLa‘%ﬂ‘ﬂ’l

Usngnsel "Digital first” Tun1suaemanudiemae

vilduderunuihaulafeuuiliiesfmelasianglunguengtiesiifindent daumesidnduunasdoya
LLsﬂLﬁam%@ﬁuﬁmmqﬂumwmqmﬂ (Sellke et al., 2023; Zhang et al., 2014) U‘nﬂgmifﬂf‘:azﬁauiﬁﬁuﬁams
WA suwamginssunsuasndeyaguniwlugaddna wazernduiloniauazaiuimedmivszuy
A151TUEY

'
§ aa v a

Tuudvedlonta mafmuunamiosuAdvailideyaigniouarindotio sufenislimuinudosiu
ooulay o1 uTsiUsEAvEamlumsiinfenguieionsdualunslunuuwmdlaense egrdlsfnu anuvime
fiadayRensvilisiulahdeyafimeunimsesuladduiiougndes uady uavilugnisindulafivmnzaly
NSUANNANINYIBNFBNNITUNNE

uenaInil Usingnisal "Digital first" 5&7&Lﬁugw5ammﬁwﬁ’zwmmiﬁ’wmmmiﬁ"wuqmmwﬁ%ﬁa (Digital
health literacy) Tutszwnns iielfanunsausyifiummnindefiovestoyasoulavuazdndulaifeafuaunmlsogig

o

winnzan nsfinwlusuirneiasesjsduluiinisinuiiasysediudsednsnmeen1ssnyisiese uumiva (Digital

interventions) Tun1saasuNSIAUINTFUAINIANE

AAWABNATUNTSENTIUINMTHUN WL
nan1sAnedliniuisanumdeualunisidifauinisguainme Tnadadadunisfine aauznig

v o o

WiswgNa uazdnanvalmunaiinaegniideddynanisdndulaitisuuinis (Grabski et al,, 2022; Rasmussen et
al,, 2020) (Grabski et al, 2022; Rasmussen et al., 2020) HaAuNUL aonAdoafuLLIAAS paATUSTTUMN
aun1N (Health equity) S'TjaLﬁu*gﬂiﬂﬂa%’awnaﬁ’aﬂuﬁwuumqmﬂﬂw (Social determinants of health) dnasg1aunsie
NSINAIUINITEUA N

msufladygmenumdoudisuiudesedunissuiunslunassssiu Glzx‘iLL&ii%ﬁUUIEJU’]EJﬁ&J:ﬂaWQUaﬁﬂ
maasygialunsdrdeuins Tuaudsnisiauanuifiugunin (Health literacy) Tutsssnnsmnngy uenani
nsHneUsIYAIININIINTSLElTiauazdungauRon I N TENE M aNALAE TAIUSTTH BNt BangUaTIALY

nshfeuinsdmsunquitiianudssgatenisgnidenuun
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Abstract

The objectives of this research are to assess the current conditions and to propose development
strategies for for upgrading five Type 1 fresh markets in Phetchaburi province to meet the new normal
healthy market standards set by the Department of Health, Ministry of Public Health (2021). This standard
consists of four areas: environmental sanitation, personal hygiene, food safety, and consumer protection,
totaling 50 criteria. The researchers visited each of the five markets twice between June 2023 and January
2024. The results showed that one market met a maximum of 41 criteria and the other met a minimum
of 36 out of the 50 criteria. Specifically, 19 criteria were met by all five markets, and 14 criteria were met
by four markets, indicating that most markets complied well with the requirements. However, there was
one criterion that none of the markets met: the proper placement of solid waste storage facilities outside
the market building according to sanitation standards, which needs urgent improvement. The results of
the food contamination tests showed that only one market met the microbial contamination standards,
and only two markets were free from various food contaminants. Examples of recommendations for
market improvement include establishing health network partnerships to support market development,
such as collaborating on the regular testing of microorganisms and contaminants in food. The market
management authority should allocate a budget specifically for improving waste collection and
management. Training should be organized to educate vendors about food sanitation, personal hysiene,

and various contaminants in food.

Keywords: Type 1 fresh market, New normal healthy market, Phetchaburi Province, Environmantal health
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Effect of Eclipta prostrata Fraction Extract on Complete Blood Clot
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Abstract

This study aimed to study the effect of Eclipta prostrata fraction extracted. The crude 95%
ethanol and fraction extracted with four solvents, hexane, dichlorometane, ethyl acetate, and butanol of
Eclipta prostrata were used in this study. The study on the formation of complete blood clots was
conducted using the modified Whole Blood Clotting Time WBCT (mWBCT) method and the study on
blood coagulation factors was detected by the Prothombintime (PT) and Activated Partial Thromboplastin
Time (aPTT) methods. The forty healthy volunteers without underlying diseases related to easy bleeding
were collected. Moreover, they abstained from caffeine and alcohol for 24 hours. The result showed that
the crude Eclipta prostrata extract with 95% ethanol (6.10 + 0.56 min), hexane fractionated extract (6.45
+ 0.54 min), dichloromethane (7.00 + 0.62 min), and ethyl acetate (7.22 + 0.74 min) significantly induce
complete blood clot faster than the vehicle control (7.78 + 0.95 min) (p<0.05) by using the mWBCT
method. In addition, it was found that the crude Eclipta prostrata extract with 95 % ethanol (10.71 + 0.92
min), hexane fractionated extract (10.35 + 0.89 min), dichloromethane (7.00 + 0.62 min), and
dichloromethane (10.18 + 0.0.89 seconds) significantly stimulated the activity of coagulation factors via
the extrinsic pathway into fibrin clot faster than the vehicle control (11.45 + 0.92 sec) (p<0.05). Therefore,
these results will be preliminary information for further study of the mechanism of stimulation of the

coagulation system.

Keywords: Fraction extract, Solvent, Extraction, Complete blood clot, Coagulation factor
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Mean 7.78 6.10% 6.45% 7.22% 7.00% 7.52
SD 0.95 0.56 0.54 0.74 0.62 0.83
SEM 0.15 0.09 0.09 0.12 0.10 0.13
T-test 11.00 9.91 4.42 6.10 1.94
p-value 0.000 0.000 0.000 0.000 0.060
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Modified Whole blood clotting time (modified WBCT)
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YAAIUANTEUY Ethanol Hexane Dichloromethane
(1% DMSO) (500 pg/pL) (500 pg/uL) (500 pg/pL)
Mean 11.45 10.71* 10.35% 10.18*
SD 0.92 0.89 0.89 0.89
SEM 0.15 0.14 0.14 0.14
T-test 7.88 9.74 11.11
p-value 0.000 0.000 0.000

o w aa

* LARIATNUANANNINYAAIUANTEUU aeelitiudndnnneatia NdnAnuieiuiayas 95 (p<0.05)
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Prothrombin Time (PT)

vanfratwdy (Guai)

M Ethanol B Hexanes M Dichloromethane DMS0

A9 3 qrisvesansanaLendunyidis (M Ethanol, MiHexane, MIDichloromethane, ' DMSO) fion15¥191u

vestladenisudaivendennisiu Extrinsic pathway 19835 Prothrombin time (PT)

M15197 3 wanegVdsvesEnTatnLendunzfisrentsinnuresadenisudeiiveadonnieinu Intrinsic pathway

P83 Activated partial thromboplastin time (aPTT)

raninlWuiu (Guiil) #2835 Activated partial thromboplastin time

YAAIUANTEUU Ethanol Hexane Dichloromethane
(1% DMSO) (500 pg/ul) (500 pg/uL) (500 pg/uL)
Mean 29.11 30.01 29.27 29.65
SD 2.34 2.83 2.94 2.96
SEM 0.37 0.45 0.46 0.47
T-test -3.07 -0.46 -1.24
p-value 0.004 0.647 0.221
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Activated Partial Thromboplastin Time (aPTT)

[ ]

vaAa T uGuai)
i)
=

M Ethanol [ Hexane [ Dichloromethane DMSD

AN 4 grisvesansainLendlunyiils (Ml Ethanol, MHexane, MIDichloromethane, 1 DMSO)
mensvhauvesladenisudsiveadennissiu Intrinsic pathway 1ae3s Activated

partial thromboplastin time (@PTT)

2AUTIgNaN15IY

nsfinwgrdvesansatnuendiunsdsiiaiadesviaransiin 95% eviuea, ieniy, laraslsiiny,
ofiaozdian wazdiniuea Aenisudeiiveaden M35 modified Whole Blood Clotting Time (mWBCT) wag
msvhauvestladenisudsinveadenniainu Extrinsic pathway 1agds Prothrombin time (PT) uan15¥91uves
Jadunisudaiivendennienu Intrinsic pathway #8738 Activated partial thromboplastin time @PTT) lungu
yanavsengusieg1siiaunmialifiuseSRsuuszmusduindniden (Antiplatelet drug) sunisudinves
den (Anticoagulants) uazlsziRaseuasiliuilgmufeafulsadeniifetunisudsvenion viadenlnade
VAL MnransAnevLadliiuiasataneunediadiaingae 95% wiueadusamieivihldisdy
denauysalldiianiignaiuauszuy (1% DMSO van 7.78 widl) Tusseriaan 6.10 + 0.56 w1il sesatun fe
Fugnian Miviiu 6.45 + 0.56 it wazlaraelsilinu whitu 7.00 = 0.62 Wit Tneldnatlumsmienivhliae
dudenanysalliiindyamuauszuuifune 1.68, 1.33 uaz 0.78 unit muddu Andu 1.27, 1.21 uag 1.11

aad Y =

Wi F3PULANANA UL LT EAYN NEATANTZAUANLTRNU 95% (p<0.05) Lazdsne91uldeAeuniINg 891U

&

Pasainneds aude Tuthun wazgniugniil ansawmileadibiiedudenauysalldisiniganivausyuy

ataflTed1Atyn19adif (p<0.05) (@3558 1aues wazamz,2560) wenanilfisnenuingdalasiueyyadase

WaZAINNTOAUNZISINTTINIE IS LARTIER (Yang, J. et al,2023) uardalafinsiinziflanfnwimsinungnuadl
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< o

wazgrsmsTinmuesnzids wuinzdlsdignsdueuyadase qrddiugadn gvdsdesiusiu qrdiiuusise uazens

€

duaSunsiasaiulaveaduny (Timalsina, D.; Devkota, H.P. 2021) dstuanndeyanisfinulansdrdgiioangns

LY N

Tunswilenhnisudeiaveadonaziduaisfieglunguiilifits (non polar) uasaindeyativzfivselovilunis

lddnisasrmdndunndislunsnsedunsiinduauysalla

JorduDLu

v
av

Joyatduiidutoyanisfnugrsansantauendiuainnzdsienisulsivendon suludeyavesnisardn
asnneils Welildansoangrslunsduaiunsudsivesion Lagasiin1snadeugoiunIewIUNISAULTo
wuaiiise wasn1siunissniau wevzdudeyaiietlugnsimundundadaainesiunisudsiveaden uwasdl

OUSIUNIIFUTBLUATIEE WAZNITBNLAU WU NANANOTWUSLNE NIDNANANNNULADAINENTATNTIINYIR

AaAnssuUsZNA

VYDUBUAN ANANATANISLNNE WInenderaidenadunssiesh lunsatuayunisifide

LONH1581989

nsnun LenleBuaed. (2562). Mesueyyadasy uazgvsmsTanimuesasatanzils Antioxidant activity and
biocactivity of Kameng (Eclipta prostrata Linn.). Thai Journal of Science and Technology, 9(1), 45-57.

medvuadyngnuaans. (2538). seulavengny gidys1vesrd. puSuNINI R woud Wudud

pnsER Judu. (2559). nzid. https://www.disthai.com/17136775/ngidissuile

1IN TULAA, Ejiﬁﬂé dav9im o Y. (2558). Coagulopathy in surgical critical care patients: Point-of-care
assessment and management. http://medinfo2.psu.ac.th/surgery/Collective

29 isTINIY. (2540). ansynsuayulnsing sumdnndnssulve. 1o e W3S 1.

g3 Lawe3, Sanshd v1igeu, 33150 quinuy, IYey JunIneds, wﬁqqﬁa Uars, way a3dns vewdmwiaen,
(2560). grisvesasanalunzidls luauide Tutun way gniugndl dessuunisulsiesden. 275m5
Inenmansuazinaluladiuden, 3(2), 42-53.
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Identification of Optimal Tyrosinase Target for Anti-tyrosinase Agents by Using

Lead Finder Docking Program

Prasan Tangyuenyongvva‘cana1 Napa Boonma®

Abstract

Lead Finder, a molecular docking program in Flare Suit (Cresset-Group, UK), utilizes a genetic
algorithm with three scoring functions and a unique method that sets it apart from other GA docking
programs. The purpose of this study was to evaluate three tyrosinase enzymes, 3NQ1, 4P6S, and 50AE, and
dock them against a set of positive antityrosinase compounds. The docking results were collected as FL
Rank Score and FL dG Score. Plot the LF Rank and LF dG Scores with antityrosinase (IC50) values to obtain
linear regression and correlation coefficient values. It was found out that enzyme 50AE gave the best fit
value in LF Rank Score (y = 0.1330X - 11.13, /¥ = 0.8948) while 4P6S and 3NQ1 showed lesser values. For
LF dG Scores, three enzymes exhibited modest correlation coefficients, ranging from 0.6394 to 0.7897,
indicating minimal differences in the superposition of structures. In conclusion, 50AE is a suitable enzyme

for use in anti-tyrosinase docking or virtual screening experiments.

Keywords: Molecular docking, Anti-tyrosinase, Lead finder, Genetic algorithms
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Introduction

In drug discovery, the identification of a lead structure typically kicks off a medicinal chemistry
program. Traditionally, lead compounds for a particular protein target are delivered via high-throughput
screens (HTS) of sizable chemical libraries. Iterative efforts at analog synthesis are required to optimize the
resulting small molecule leads. The early 1990s showed an acceleration of the development of faster and
less expensive computational alternatives due to the high costs and low hit rates associated with HTS
screening campaigns and the continuously growing number of potential drug targets. These days, early-
stage drug discovery makes extensive use of virtual screening (VS) techniques to identify hits by examining
chemical databases (Hughes, Rees, Kalindjian, & Philpott., 2011)

Molecular docking is a technique that examines how molecules align and conform—collectively
known as their "pose"—to the binding site of a macromolecular target. Possibilities are produced by
searching algorithms and then ranked using scoring methods. Over the past few decades, many pieces of
software have been developed; some of the more well-known ones include AutoDock (Morris, 1998),
AutoDock Vina (Trott, & Olson, 2009), GOLD (Verdonk, 2003), and FlexX (Rarey, 1996). Typically, a grid
representation containing pre-calculated potential energies for interaction within the target binding site is
used during docking calculations. This method, which essentially involves dividing the binding site, expedites
docking runs. Subsequently, interactions of the electrostatic and Lennard-Jones potentials are computed
at every grid point.

Lead Finder is an application program recently released from Flare Suite (wwww.cresset-group.com/software),
for molecular docking that utilizes a variety of extra optimization steps; sampling employs an innovative
genetic algorithm implementation. Lead Finder uses a collection of semi-empiric molecular mechanics
functionals, separately parameterized for virtual screening, docking, and binding energy predictions, in its
scoring functions. The sampling and scoring algorithms stages are similar in that they progress from quick
but imprecise versions to slower but more precise ones that require more computing power (Novikov et.al.,
2012). There were many reports on docking applications of this program (Zampieri et.al., 2024; Manmeet
et.al., 2022; Mudi et.al., 2022).

Tyrosinase (EC 1.14.18.1) is a multifunctional, glycosylated phenol oxidase (a polyphenolase) that
contains copper. It has drawn a lot of interest as an anti-melanogenic target because it is the enzyme that
determines the rate at which melanogenesis proceeds. Tyrosinase has emerged as the most popular and
effective target for melanogenesis inhibitors that specifically block the catalytic activity of tyrosinase
because it is necessary for melanogenesis (Hwang et.al.,, 2022). Tyrosinase inhibitors make up the majority
of skin-lightening products that are sold commercially, and several of them have shown promise for use in

medicine, cosmetics, or agriculture. However, only a small number of chemicals are utilized in clinical
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settings because of their lack of effectiveness or unfavorable side effects, including cancer. In both medical
and cosmetic uses, arbutin, azelaic acid, hydroquinone, and kojic acid are utilized as skin-lightening agents
(Zachary, Wang, & Saedi., 2020) So, we would like to have some best models of tyrosinase enzyme for
virtual screening a large number of compounds to find new leads.

The primary goal of the current experiment was to dock with a known data set of anti-tyrosinase
compounds against three tyrosinase enzymes (PDB IDs: 50AE, 4P6S, and 3NQ1) to assess the efficacy of

Lead Finder's sampling and scoring methodologies.

A conceptual framework

3NQ1 S 5OAE, 4P6S

&

l

g-|
Enzyme-Ligands Binding energy (Kcal/mol) %6 .
ﬂ i, .
Evaluate by Plot Linear correlation of Data Sets TR A % b

1€50 (micromolar)

Figure 1. Conceptual framework

Materials and Methods
1. Target enzyme for docking procedure
From the Protein Data Bank (www.rcsb.org), three tyrosinase enzymes—3NQ1, 4P6S, and
50AE—were chosen. Each enzyme was subjected into Lead Finder program by opening the pdb file. Next,
each enzyme needs to be prepared before docking. By clicking Prepare Protein Buttom, polar hydrogen
atoms or missing residues will be added; water molecules will be removed; and states for the heteroatoms

will be created at pH 7.0 + 0.5. The last stages are minimization and optimization.
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2. Selection of compounds for docking research
ChemSketch (www.adclabs.com) was used to sketch the 2D structures in mol format of
the positive anti-tyrosinase set, which includes HS-1713, HS-1784, HS-1791, resveratrol, and kojic acid (Prasan
& Jongkon., 2016). Next, using the Avogadro program (www.avogadro.cc) to minimize energy with the
MMFF94 force field, the 2D structures were transformed into 3D structures and saved in sdf format. The Lead Finder
program added each compound by importing the ligand file and clicking on the Prepare ligand button.
The ligand will be calculated the appropriate protonation states of the ligand based on its chemical environment,
and the ligand undergo energy minimization to relive any steric clashes or unrealistic geometries.
3. Molecular docking process
Lead Finder was used in the Flare module of the Cresset software to simulate molecular
docking. The docking scores were computed in a slowly but accurate mode and by centering a 6.0 A docking
grid on the crystallographic ligands. The measures utilized to determine the scoring were LF Rank, and and
LF dG Score. The LF Rank is a scoring function that ranks the docked poses of ligands based on their
predicted binding affinities. It helps in identifying the most promising ligand conformations from a set of
docked poses. A lower rank indicates a more favorable docking pose, suggesting stronger potential
interactions with the target protein. The LF dG Score represents the estimated change in Gibbs free energy
(AG) associated with the binding of a ligand to its target protein. This score quantifies the stability of the
ligand-protein complex. A more negative LF dG Score indicates a more thermodynamically favorable binding
interaction, suggesting that the ligand is likely to bind strongly to the protein. (Mudi et.al., 2022). The LF
Rank Score displays the energy ranking for its docked postures, and LF dG determines the degree of its
precise binding energy to its target protein. The active ligands are indicated by higher negative ratings (Singh
et al,, 2022).
4. Evaluate docking results
Following the completion of the docking process, the Lead Finder program displayed the
optimal binding energy between the enzyme and ligand, along with the LF Rank Score and LF dG Score.
Each pose was evaluated by superimposing with the x-ray ligand (SVP) and choosing the best fit one for
each pair. The versatile statistical graphing software GraphPad Prism 10 (GraphPad, USA) plotted the linear
regression of pose scores with anti-tyrosianse activity, provided the correlation coefficient (), and set a

confidence interval at 95%.
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Results

In this study, three tyrosinase enzymes—3NQ1, 4P6S, and 5OAE—have been selected (Example of
S50OAE Figure 2) to investigate ligand-protein interactions. Since each of them possesses a unique anti-
tyrosinase ligand, there is a possibility that one enzyme will provide the best fit between the test set's
enzyme ligands. First, the redock experiments were proceeded for each enzyme: 3NQ1 redock Kojic acid to
obtain RMSD = 0.212 A, dp6s (X-ray ligand = L-Dopa) redock to obtain RMSD = 1.624 A, and 50AE redock
SVF to obtain RMSD = 1.159 A. Tables 1, 2, and 3 displayed the docking results using the Lead Finder
application, which showed the LF Rank Score and LF dG. Figure 3 displayed the ligands after docking with
the Lead Finder overlay, which included the x-ray ligands of the enzymes. Figures 4 and 5 display examples
of x-ray ligand (SVP) and test ligand HS-1713 interactions with amino acid residues in the binding site of

enzyme 50AE.

Figure 2. Enzyme tyrosinase (50AE) with x-ray ligand SVP (purple color)

= P

(a) (b)
Figure 3. Examples of docking pose results include (a) HS-1791 (blue color) superimposing with SVP

and (b) HS-1713 superimposing with SVP.
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Figure 4. Ligand SVP of 50AE enzyme interacted with amino acids HIS208, ARG209, VAL218, and ALA221.

MET215

Figure 5. HS-1713 interacted with amino acids HIS208, ARG209, and VAL218.
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Table 1 Lead Finder docking results of anti-tyrosinase test set with 5OAE enzymes.

Enzyme Compounds IC50 (uM) LF Rank LF dG
(KcalV/mol) (KcalV/mol)
50AE HS-1713 0.49 -10.188 -9.894
HS-1784 16.52 -10.136 -9.251
HS-1791 295 -10.871 -9.634
HS1792 6.4 -10.284 -71.597
Hydroquinone 33.48 -6.001 -5.476
Kojic acid 38.24 -5.821 -5.616
Resveratrol 26.63 -7.986 -8.666
S
£
Ttg N STITIY. O oo
¥ Do
B £
(] -5 =
‘1‘:? ° ot E -5 * o9
L]
5 10— [ ] 08) -10- °
=3 (]
£ =,
(19
-;U -15 T T T T 1 = -15 T T T T 1
o 0 10 20 30 40 50 0 10 20 30 40 50
% IC50 (micromolar) IC50 (micromolar)

Figure 6. Garph charts of docking results (a) LF Ranking binding energy (Kcal/mol) of 50AE was plotted with

anti-tyrosinase activity (IC50, uM) with linear regression equation of y = 0.1330X — 11.13, ¥ = 0.8948

(p-value < 0.05), (b) LF dG scores (Kcal/mol) was plotted with anti-tyrosinase activity (IC50, uM)

with linear regression equation of y = 0.09795X — 9.764, ¥ = 0.6528 (p-value < 0.05).
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Table 2 Lead Finder docking results of anti-tyrosinase test set with 4P6S enzymes.

IC50 (micromolar)

Enzyme Compounds IC50 (uM) LF Rank (Kcal/mol) LF dG (Kcal/mol)
apPés HS-1713 0.49 -8.457. -8.324

HS-1784 16.52 -8.699 -8.223
HS-1791 295 -8.906 -8.575
HS-1792 6.4 -9.221 -8.217
Hydroquinone 33.48 -5.317 -5.015
Kojic acid 38.24 -5.858 -5.334
Resveratrol 26.63 -7.759 -7.565
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Figure 7. Garph charts of docking results (a) LF Ranking binding energy (Kcal/mol) of 4P6S was plotted with

anti-tyrosinase activity (IC50, uM) with linear regression equation of y = 0.1052X — 9.805, ¥ = 0.8361

(p-value < 0.05), (b) LF dG scores (Kcal/mol) was plotted with anti-tyrosinase activity (IC50, pM)

with linear regression equation of y = 0.08754X — 8.881, ¥ = 0.7897 (p-value < 0.05).
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Table 3 Lead Finder docking results of anti-tyrosinase test set with 3NQ1 enzymes.

Enzyme Compounds IC50 (uM) LF Rank (Kcal/mol) LF dG (Kcal/mol)
3NQ1 HS-1713 0.49 -9.628 -8.932
HS-1784 16.52 -9.188 -8.662
HS-1791 2.95 -8.928 -8.864
HS-1792 6.4 -9.212 -1.807
Hydroquinone 33.48 -5.355 -4.676
Kojic acid 38.24 -6.011 -5.347
Resveratrol 26.63 -8.367 -8.477
S
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Figure 8. Garph charts of docking results (a) LF Ranking binding energy (Kcal/mol) of 3NQ1 was plotted with
anti-tyrosinase activity (IC50, uM) with linear regression equation of y = 0.09775X - 9.840, I =
0.7646 (p-value < 0.05), (b) LF dG scores (Kcal/mol) was plotted with anti-tyrosinase activity (IC50,
uM) with linear regression equation of y = 0.09308X - 9.196, ¥ = 0.6384 (p-value < 0.05).
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Table 4 Summarized of linear regression equations and correlation coefficients of docking results

Enzyme LF Rank Linear regression equations, LF dG Linear regression equations,
Correlation coefficients () Correlation coefficients ()
50AE y =0.1330X - 11.13, r =0.8948 y = 0.09795X - 9.764, r = 0.6528
ap6es y = 0.1052X - 9.805, ¥ = 0.8361 y = 0.08754X - 8.881, ¥ = 0.7897
3NQ1 y = 0.09775X - 9.840, = 0.7646 y = 0.09308X - 9.196, r =0.6384
Discussion

Lead Finder, a molecular docking program in Flare Suit (Cresset-group, UK), utilizes a genetic
algorithm with three scoring functions and a unique method that sets it apart from other GA docking
programs (Stroganov et.al., 2008). For instance, AutoDock 4 requires an x-ray ligand to determine the ligand's
center of coordination, which is then covered by a square box. After finding the target for docking, the x-
ray ligand was removed before docking. On the other hand, Lead Finder needs an x-ray ligand to stay with
the enzyme and create a grid box with this ligand, and the x-ray ligand does not need to be removed during
the docking. In a redock experiment involving three tyrosinase enzymes (3NQ1, 4P6S, and 50AE), two of
them (4P6S and 50AE) showed an RMSD of less than 2 A, while 3NQ1 showed a slightly higher RMSD than
2 A This set of enzymes should be appropriate for further experimentation.

The LF Rank Score in Lead Finder software is used to rank ligand poses obtained during a docking
run. It is a scoring function that helps in the ranking of ligand poses, with the lower (more negative) LF Rank
Score indicating a higher likelihood that the docked pose reproduces the crystallographic pose. This score
is part of the software's approach to accurately predict protein-ligand interactions and assess ligand binding
and biological activity. "LF dG" typically stands for "Lead Finder delta G," where "delta G" refers to the change
in Gibbs free energy. This is a concept used in computational chemistry and drug discovery to predict the
binding affinity of a ligand to a target protein. The unit for delta G is usually kilocalories per mole (kcal/mol).
A more negative delta G value indicates a stronger binding affinity between the ligand and the protein (Mudi
et al, 2022). The data were plotted with IC50 to generate graphs with linear regression and correlation
coefficients as summarized in table 4.

Based on the LF Rank correlation coefficient values, enzyme 50AE excelled in this experiment, exhibiting
high correlation coefficients of 0.8948 (p-value < 0.05), whereas 4P6S and 3NQ1 demonstrate lower correlation
coefficients. Figure 3 shows the test compounds (HS-1791 and HS-1713) superimposed on the docking position of
the 50AE x-ray ligand. In Figures 4 and 5, the ligands and the amino acids HIS208, ARG209, VAL218, and ALA221
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interact in the enzyme binding site. When examining the LF dG values, we found that three enzymes exhibited
modest correlation coefficients, ranging from 0.6394 to 0.7897, indicating minimal differences in the superposition
of structures. While 4P6S scored higher than the others, the differences between each enzyme were not significant.
It's possible that 5-OAE did better in the docking test because it has a large x-ray ligand called 1-[4-{(4-
fluorophenylmethyllpiperidin-1-yllethenone that leaves a bigger binding space in the enzyme. For 4P6S and
3NQ1, the ligands, which are L-dopa and kojic acid, have smaller structure sizes that make them less suitable for
binding with the test set. Overall, 50AE is a suitable enzyme for use in anti-tyrosinase docking or virtual screening

experiments.

Suggestion

This study demonstrated the usefulness of molecular docking with the Lead Finder program to find
the appropriate tyrosinase enzyme for molecular docking or virtual screening. The next goal is to work on
virtual screening of larger databases (public databases), such as PubChem, ZINC, and COCONUT. Another
option is to enable Lead Finder to dock with other programs, such as AutoDock Vina in PyRx, which is

currently one of the most popular docking programs.

This research is free of any conflict of interest.
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Abstract

This research aimed to design, determine, and evaluate a Self-Esteem Enhancement Program
focused on improving happiness and reducing depression in pregnant adolescents. The research was
divided into three phases: 1) program design, 2) quality assessment, and 3) evaluation of program
practicability. The participants consisted of 10 pregnant adolescents with depression who were selected
based on specific criteria. Data were analyzed using descriptive statistics, including percentage, mean,
standard deviation and t-test. The findings indicated that the developed program included three
components: 1) Self-Esteem Enhancement Program, 2) The Self-Esteem Questionnaire, and 3) The data
collection instruments were divided into three parts: (1) The Demographic Characteristics Questionnaire,
(2) The Depression Questionnaire (CESD-10), and (3) The Happiness in Pregnancy Questionnaire. The
instrument's content validity was verified by three experts, and it achieved a reliability value meeting the
standard criteria. The results of the experiment showed that pregnant adolescents who participated in the
Self-Esteem Enhancement Program had a higher average Self-esteem score than before receiving the
program (t = 3.36, p < .05) a higher average happiness score than before receiving the program (t = 3.13, p
< .05) and a lower average depression score than before receiving the program (t = 3.28, p <. 05). While
the Self-Esteem Enhancement Program has the potential to increase happiness and reduce depression in
pregnant adolescents, further testing with a larger sample group is recommended before broader

application.

Keywords: Antenatal period, Depression, Happiness, Pregnant adolescents, Self-esteem enhancement

program
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Abstract

The purpose of this research was to compare the peak torque, work, and average power of the
Quadriceps muscle during concentric contraction at three different angular velocities. The sample
consisted of 20 male university football players from Burapha University, aged 18-22 years, selected by
purposive sampling. Testing was conducted using an Isokinetic dynamometer at angular velocities of 60,
120, and 240 degrees per second. Data were analyzed using One-Way ANOVA The results showed that the
peak torque, work, and power at the three angular velocities were significantly different at the p < 0.05
level. Pairwise comparisons using the Tukey B method revealed significant differences in peak torque and
power between 60 and 240 degrees per second at the 0.00 level, and in work at the 0.02 level. The study
demonstrates the effect of angular velocity on the performance of the Quadriceps muscle during

concentric contraction, which is crucial for assessing training, and rehabilitation of football players.

Keywords: Quadriceps muscle, Angular velocity, Peak torque, Power, Work
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aruksuswasndudenlutorueaisfimuddaduegnann iesnnmsuindureanduiienie
Jullymdrdaglursnisnmueasi@n (Ekstrand et al., 2013) wuSasnsunduresnduiile Quadriceps waz
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YBIFUUTHN 9 21NNI5NAFBUNAINLLD Quadriceps wWuU CON pawadi One-Way ANOVA Tnsfinvuna1tiedfsy
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NaN15739e
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AUy Mean SD
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19197 2 Aedsuardiulsnuunnass T IIILUsTissRuANUE 1Y 60, 120 way 240 BarsaIundl

Aauds AMUEIBILU ey asasadundi X SE
DQ Peak Torque 60 85.70 6.71
120 68.42 5.28
240 55.10 5.67
DQ Total Work 60 1285.68 117.23
120 972.40 104.02
240 715.00 89.89
DQ Power 60 36.66 3.25
120 52.90 5.25
240 63.57 9.65
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AuU Concentric Contraction

fauwls waIAUUIUTIUY SS df MS F P value

DQ Peak Torque  3¥139ngY 9416.14 2 4708.07 672 0.00*
aelungy 39924.85 57 700.44
53 49340.98 59

DQ Total Work FEMINNGY 3267165.21 2 1633582.60 7.51 0.00*
melungu 12404927.17 57 217630.30
53 15672092.38 59

DQ Power JENINNGY 7342.02 2 367101 419  0.02*
aelungy 49886.80 57 875.21
53 57228.82 59

*p < 0.05
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Abstract

Recycling of used charcoal from the chicken grilling process into charcoal briquettes would help
to reduce waste. It also helps to reduce environmental problems, deforestation, and pollution from
charcoal waste. Therefore, the purpose of this study is to explore the fuel properties of charcoal
briquettes from used charcoal residue in the chicken grilling process. The production of charcoal
briquettes was conducted by mixing used charcoal residue with tapioca starch in the ratio of 4.8, 9.1 and
16.7 percent. The mixed charcoal was compressed into charcoal briquettes. After that, the charcoal
briquettes were tested for fuel and combustion properties. The results show that the optimal ratio for
producing charcoal briquettes from used charcoal scraps from the chicken grilling process is 4.8% because
it yields the best heating value. The fuel properties tested at the ratios of 4.8% are the heating values of
6,403 kcal/kg, the volatile matter of 25.62%, fixed carbon contents of 60.18%, and the ash contents of
3.95%. The combustion test of compressed charcoal shows similar properties to unused mangrove
charcoal. The economic assessment found that payback period is approximately 6.57 months. Therefore,
it can be concluded that the used charcoal residue from the chicken grilling process can be reeyeled as

charcoal briquettes.

Keywords: Mangrove charcoal, Charcoal scraps, Charcoal briquettes

691



N15USEYUEUBNAUIIETLAVYIA N1 INY1F8glUEsITUITINY AN 14
The 14™ STOU National Research Conference

uni
nsruIuMINantulssuenannssuUUsEan laslamenszuiunisiidesdinstgedndudedinigly
grulliTrvauunn wedeanislindurewdadasineniifuuseniu alilnsnmaduauimeldiewas ey

o

thanldfuann mngansassuazmuaulildfnidurindu uiiosndulnsmadussdusgneuvislussuy
fmmJam’h‘m8Lauﬁﬁmmﬁwﬁmﬁamiﬂaaﬁ’umiﬁﬂLmzﬂu’mﬁﬂw,azw%’wmmassmﬁluu’%nmﬂfu wazlilnang
Feflmnuddryiussuuinaduegimn s Saluldiifnsihuldaeslunsianlifinanisegraunsnane
(Fnsnguel Sunsuaau,2558) LarnATIMIYLTaIESaua wui Yesay 90 vesmsvareUnliluyssmne
e drsnnidunsdunldlunsiilusasindg Gaun wiosaan | 2528) duiu mndinisaldlnnianudn
guswaunn fezdmarennueauauysaliasiianansenusesyuuidnalimeauld Ussneufiunsiinwvau
Tudazaudaumnidosilumdaluguuuusingg 01f msyunindinde wn ilanau uazneliiAanansznusie
daundeunuuld

drufmdeainnszuaunainindflunssuiunasdn Juiymiiiafunane 9 gramnssy Jeldduun
mantsuitamleenainavinudnaiundaduui Faennnagdestiunansenuiiasiinannisiinvends
fananuda Sanmnsathdudawdndunlilsslesddudemdmaunuldande Wosmndusaursasiinaands
i Ae awnsalviniudeugauazaiane nauiidesniinisldaull liunnuseyudeiinusznielu
Aetidniitiosndaull 9angn suafeurestufiviaifudedenisldeu fwhegenisfinwnsuandiuda
whsnawauiiunslndlunszuaunisms q 01i msldaudidninauezauiuandludivdena Sasda
6:4 @nusalinnudou 1a 9,877 Alaumaes/nn. (35y WUBUNS |, 2561) LAYAIUVOINTEUIUNNSHIDY LD QY
dnsnduutlaiudvends 2% laamnusau 6,726 Alaupaed/nn. (Uguen Alana ,2562) nsleeuauiimasan
NITUIUNMIHANNAILNOANTBU NIZUIUNMTIaUSaualinuSou 5,493.46 Alauaass/nn. (aigwa 3uey,2562)
msldminveslsalniihtnima saufuudaiudgUsngs 1% Inevven ldanudeud 2,222 Alauaasi/nn. Glen
mea |, 2562) nsliavdliidnuasavaulfivganssamdeiinnnssuiumsing Samdm Taghu: uletu
dUznds : Yun u 60:2:1 Ienarusewdu 5,556.51 Alawrasd/nn. (Meyausad 113983 , 2553 )

Tunsinwlssnuuussuliwsianils wudn fnnstdanlilnmdunszurunisenslasuau 100 Alan3u/fu
wazaziiAsudu v q ng ilFAmmwinliTnimeivdennnssuunwanduiunsnniisesdunshdihia

ety FeldFnunimiuadundeiannssuaunseslinadadusaunis ieanUSinanavunde
feitimsavausentsindmdusnaunn anmsiadulilnnianheiy andsuauaiivannnsisuuazidn

wYEY wazdianinsnandununsiEnannsiiasaulilnineidesiluidanduindawisias gl

692



N15USEYUEUBNAUIIETLAVYIA N1 INY1F8glUEsITUITINY AN 14
The 14™ STOU National Research Conference

1Y

ngUszaeA
1. iefnwnueuTRdudomndsvesiudauianmeaudaiainnisensin
2. Weneaeunseniviivesinudauianmeaumdasnannsgnsin

3. ieUssdiuszezanduulumsievaumdeiianmsealiurdnduausauis

= ada o
52 U8UIDINY
msideilifunsiteimeans (quasi experimental research) 35n15@nwaztinAwauldlnanieildudn

nnszuunNsensbnunanfuwaudUsnds wathunviduaiusauwia Ineflseazdentunaun1TYina1uS AL

¥
s wva v d

wagIBNTIATIzRuauTRMUBING BN Imaaeunsinliuasdnuazaiy waIsn1sUsuliunuAsugAans

q

[

9Tl
1. YUABUAISYINOIUDALNY

a

1.1 nswseuingav
Yraulilnennefiiiunistdudrainnssurunisnsta sauau 3 ne audulilgimdndssann
100 Alanda) wvhnseauenaes (awlsideuls) wasihlumnuan (dewinluniserslienaiiiiulivenadulug
i’mﬁgwé“qejN‘VJﬂﬂ%ngﬁﬂ'ﬁfﬁfﬂlﬁ/\lﬁ'wmﬁmﬁw) pdsniuiahluseuruazunssoun 4 Tadums Weedidiosn

(Wit 1)

AN 1 ASELAYETUNITRAD L1YINITTOUAIEALLAT

1.2 ANSUALAWAIU
FunoulidunisiiALaUNRIUAINLAAKALIBULEITLE198NLE U1YINISUATULATRIUAGNY

(@it 2) Maauszau 2 it uasihadiiumstudaludaimindugs 4 ax 10 Alansu Wieazmndenswey

693



N15USEYUEUBNAUIIETLAVYIA N1 INY1F8glUEsITUITINY AN 14

The 14" STOU National Research Conference

ANT 2 LASDIUADIU

1.3 AsnaudUsyau

[

Tun1539easaiidenldudaiudlsndududivssarwieliasauaiuisadudnduniale

g unsuaLaIrgniaan vl duiudsndainsoulinugnsdunimun uaginswaudniielviia

A15UMTTIIN LA T ud U e famns1en 1

A15799 1 99snaunanlunSY a1 udaLma

RG] LAY uihaiuduenas
(% Tagvimiin) (Alansw) (Alansn)
4.8% 10 0.5
9.1% 10 1
16.7% 10 2

1.4 ANSOALAYAIU

& v | LY g v v o 9 v a o 1 = 1Y @
Junsdadulagldiatesdaduildauseulunisviliiin gy lnensihaunnauiuudady

duzndaseuiesudan waslvluasessnauidsewmaiiuii vuin 5 Hp Mnarlunseadudeu 3840 Aow/

Flua (i 3) e ldlunszuanasianisidesduazainudou vliianisduidudou wasdusuwes Wiadn

auluruInNfeInis

694



N15USEYUEUBNAUIIETLAVYIA N1 INY1F8glUEsITUITINY AN 14

The 14" STOU National Research Conference

NN 3 LATBIDANNY

1.5 nsenliLiA

Fupauiidunisiiausawiadlaluanuanliiiiis (A 4) szeznatlseun 3-5 U

AN 4 A58 1UOALTLURINLAR AL

2. WrlergignaRdudomds
mﬁmiwﬁﬂmauﬁﬁﬁml,%aLwﬁwaamué’mLwiaﬁ%ﬁumﬂmLf"iuﬁaasjwé’mﬂdwag 3 0819 uazdaly
Jieneifiquiidnmnauinnsamdsnuazeiauasduinden antuddvineimansuazimaluladuvisusemelne
wfinesTimInTalieses Ussneudie A1t (moisture) Usnandn (ash) Usanmuansssme (volatile matter)
FNNANATEIL ASTM D 7582 USanaumsuauaesia (fixed carbon) maanasg e ASTM D3176 wagAAuiou muannsgm

ASTM D 5865 siauanslumsnsi 2

695



N15USEYUEUBNAUIIETLAVYIA N1 INY1F8glUEsITUITINY AN 14
The 14™ STOU National Research Conference

A5199 2 eIl sviREu MUY BINE B U ALY

WEnes RERIGER]
Ay (%)
01 (%) ASTM D 7582
a9588e (%)
ASUBUAIAT (%) ASTM D 3176
AruTouas (Rlawaaes/nn.) ASTM D 5865

3. FBmsvedeunshnlniaza Ay
Fupouilidunsmageudszavsnmnislndivesudauns Tnstaudauvieilduyinisalfluend
wieuld warvihnmsvnaeusseziagafa il sveglianswvgl gamaiiauiouvesiudauis uagdnuugn1siin
AU (Tus iR LazAny, 2565) fail
31 Junmiuddgalrioudiudufali WiegszzamsyeRnlivesdty

3.2 Funarsaudausuaatnaunasdudidn Inedananisasnliaasisuialifaussnaunateidudn

ATUNNNBY
33 dngaumgianuseusieesesingamgiiuuunnm WeinAgamgiinnuiouvesnmuunsisnivg
(nni 5)
il 5 myiaAgamgiianuiouvesniuunslng
3.4 Funednwuskavdvesniuiiiaty lnemsdnanineaeuluneduiuifiaansousaiudnwusiay
Fuosniuladniau

696



N15USEYUEUBNAUIIETLAVYIA N1 INY1F8glUEsITUITINY AN 14

The 14" STOU National Research Conference

NaN15739e
1. ANWUENNNIEATNYDIO ULV

nud Tdnwazidunsainsguen vneanuelneyssann 5 wuiwes I3usuunsnats in
sonoulagyszan 70.6 N3

ERY 7. TR —

AT 6 ANYUENNNENNUBIEUD ALVSINLAYAULTLAIINNSEUILNTE LA

2. AaauURmMuUYINEIeEnusau
Han1sVadeUAMaNUATaIUSALYN (BRTIdIUaE 3 91) Wiuiisuiunan snaaeuauaudi

auliflnens wazeuuzihaunawinuaniivesdefianuisadinudsyuiduuiademas (hsulssuenavnssy,
2555) WaAngbasnansnan 3

MINN 3 HANINAFRUAMANUAAUTRING DI 1UBALYIS

Nan1snagau (x £ S.D)

3NN IUNEY AT #1352y A1SUBUAIAD i AAuTouge
(%) (%) (%) (%) (Rlaunaa/nn.)

ALUZLUN* <8 % > 15 <20 > 3,000

auldlngnng 6.59 44.82 48.15 0.44 6,140

4.8% 10.24 + 1.57 25.62 + 0.38 60.18 + 1.11 3.95+0.10 6403.33 = 100.17

9.1% 12.27 + 2.25 28.10 £ 0.75 55.50 + 2.05 3.68 £0.23 6140.00 + 260.00

16.7% 12.63 + 2.02 2881 +2.73 55.19 + 0.77 3.36 +0.17 5963.33 + 75.06

wnewe ¥ ATULSUNUERAMNTIY (2555)

NHANTVAFOUAMANTRATUTBINGS WU dudawviallana@u 10.24 - 12,63 BegendnaAuugii

(nsulsaugeamnssy, 2555) lanties (liiu 8% lneumidn) Inedisiaitunisandunisudnaiusauriady

697



N15USEYUEUBNAUIIETLAVYIA N1 INY1F8glUEsITUITINY AN 14
The 14™ STOU National Research Conference

Faanan eununius 2566 lieglutaaggu fatiy a’mLﬁfﬂmﬂﬁ’lﬂulriﬁawmmumuuazLﬁmﬁ;masaumm%u
dugantisudu q Iun afueunsi Ymnandn wazaaudouguasiinuandidulunanusiiannse
tanlfifuviadomadd Wefinsaquanifvesmusauiusiarshaanlnenmmudiagnui auaitives
dudauvisiidnndunan 4.8% axfiviinmemsusunsia Ui uazAanudougendn wa 2 Sasdiu fo
9.1% uaz 16.7% Taflemudu arssume uasiinauash Tndidesty

KaMIVAFDUAIATINSBUEY TauansiaTinanrsoutmuaiiintuilegninnlviiosnauysaliuy
wnudn dudauwiefisnsdiunan 4.8% szdiAininuieugegn (6403.33 + 100.17 Alaunasi/nn.) drudausa
fdnsdunay 9.1% axfldrnuieugslndidssfivaulilnsnneiidaliiunsiluldlunisensla (6140.00 +
260.00 Alaunas3/nn.) uagausauvisiisnsdrmunan 16.7 % azfidaudougeingn (596333 = 75.06 Ala

LARDS/NN.) AILEAILLATNT 6

7,000.00 §.403.33
6,140.00 6,140.00

5,963.33

6,000.00 |

(Mannani/mnn.)

500000 — —

AnIou

4,000.00 — —

v

3,000.00

anlilnania  §anEIN48%  SANEIU 1% BANIEIY 16.7%

min . o & e o o
dandrmanuouauenliTnsmatundsiudnlingds

AN 7 A1ANSaUYe9a1UlEIlNgNNg wWaTaUEALYIY

ANATNA 7 Aule ArruSauvesaudawisninananavauldLdMiudenisannnseurunisanaln
LUSHNEUNUDRITF@IUNEN Y USYa Y (WlsdudUsnaa) Mallenatileaunannnisiiia onsaiuyessiuseany
AL EN ANV TILMLAEANUTWANTY (A9NNE YUnge, 2563) USUauAuduiliinduasyilvingg

gaduanudeuldiunissemearnuaulusenitwnning vildaianuiowinass (Fuud  wasge, 2554 way Ob,

ETRE)

v v
a A [ |

O.F., 2022) siatiy 39a5Ule dnsndrunauivnzaulun1sideasedl e onsrarunaunivdetudends 0.5%

9

Tngd1undn FaliA1Auseuaddn Ao 6403.33 AlawAass/nn. warilaA1Ausauainitaulilninig (6140.00

Alaumaas/nn.) Jsllnuaudinaiusaihnduanldlunszuiunisgdlnle
2. nanmsinTeisresnafalliasdnyueaiu

INNISTNAFBUTEELARA N LazNIsNadaUdnwuzAtuindu tneumiiniviumeasy Nu1ndn

200 n3u TngUsunawiiunndnsidiu aguldfmsned 4

698



N15USEYUEUBNAUIIETLAVYIA N1 INY1F8glUEsITUITINY AN 14
The 14™ STOU National Research Conference

A15799 4 NaNSNAARUSTETaIRnlluardnwueA Y

Han1snagdau (x + S.D)

dnsneu szeziaaanln gunndl szE2aN SN gl . .
- o ANYUTAIU
(w19) (C°) (F1349)
aulgilnanna 10.07 (+ 3.53) 548.63 (+ 1.79) 2.10 (+ 0.17) Taifau
4.8% 11.39 (+ 5.42) 544.60 (+ 10.89) 2.60 (+ 1.09) TaiflaYuy
9.1% 12.76 (+ 1.37) 541.13 (+ 18.65) 1.71 (+ 0.74) Taifau
16.7% 14.09 (+2.70) 540.53 (+ 17.39) 2.02 (+ 0.48) TaiflaYuy

9997 4 aguldn dulsiinanng fszeznangenlad 10.07+ 3.53 uil szegansnlnsiog
2.10+ 0.17 $alug uazaudaunis Sns1au 4.8% 9.1% 16.7% fiszoziiangainliegil 11.39+ 5.42 12.76+ 1.37
14.09+2.70 w1l aud1fy szozinainIswln egil 2.60+ 1.09 1.71+ 0.74 2.02+ 0.8 $2lua Ingnudn
fisvorinalndifvetu Wefinnsunguumgiinnufeuvasnlng wuin dulilnsnisuasdiusauiats 3 Shsndau
fgaumgiilndiAssiu fe Usvann 540 serwalfiva uaznudn auliinsniuazaiudauis ety vawnlngd

3. MUTBIUMLATYSANENS

nsUsadumaassgmanslumsinueadel Wunsussifiuarudualunsldiusauimnisdiud
widprnnszvunmsslidelifudomdmaununisdednililinenis uaranlddesfaauduiiunsldnu
ué llfsmdudoldmmingludondd foil

3.1 Aldarglunisndndsauis Ussneusne Arfanildlunisnandsaus wazailddnelunsi
dudauvia fodl

3.1.1 Andannlglunsndnaiugauni

o P N v = ' =% a

osaniawauivhuhausawiaduiagindeld lideadeeldse Jadaany
Arldanelumstoutaiudsnds feil
g1u 100 Alansu aeldudaludiends = 5 Alandu
fNaAnaudawe Uag 5,200 Alansy agldwdedudrdzunds = (5,200 x 5)/100
= 260 Alan3y
saudaliudends geag 375 um (30 Alansu)= 12.5 um / Alanfy

Anndualdanslunsventaiudrusnds = 260x 125 = 3,250 U %ol

[
o

3.1.2 mldaglunsviaudawis lunsfnwasell asfnamealniuagauigesnw dail
1) audauvia 100 Alandu Tdnawdn 59 16 Al

A b lglun1seEs Wiy 5.64 U ALY
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Andualnihildlunsudnausauia = (5.64 x 16)/100 = 0.90 vw/Alansu
= 090x5200 = 4,680 U/
2) A13e5nw 019l miﬂﬁﬁﬂwﬂuﬁmLﬂ%wmmu mamtﬁaw;ﬁmm%qé’mmu ey
5ﬂﬁuﬁww%’uia“1uuama§ﬁhm Wiy 3,000 uw/Adeu Andy 3,000 x 12 = 36,000 UM/
313 el¥anglunsterrsesundnu Wiy 117,500 U1n
32 aldiefiuszudaldanmsldusaus
Anldnefiussudalaussnoudaoaldselunsidarusauadudomameaunudnliinems
wagAvuddlunsiavauluinge
321 aldaelunislddusauiadudemamaunuanilsinma svfualnefiousinanls
Immnﬁ’ummm%’auqaqmﬁlﬁ el
dusauisiisnsdu 5% daenudouds 6,403.33 Alaweasd/Alaniu
A1AuTouganvedlilnanig = 6,140 Alawmasd/nlansu

sanaulilnenng

40 vn/nlansy

USRS aNALNUAlTINEBUMN = (40x6,403.33)/6,140

= 41.72 vw/Alansu
Farhy dldnusauisaumuauliinenisdag 5200 Alandy
vanunsausendaalaanalawinnu = 41.72 x 5,200 Alansy
= 216,944 um / U
32.2 msusgndaevuddunsiiasdluidnfnanUiuanmveuigmitlududaus fail
5,200 Alansu/A

8 vw/Alansy

UStnauawauigninluvidudausi

siAnAvudAwaulUAdn

faty anunsaUsyndarvudsmeauld = 5,200 x 8 Alansu/A
216,944 + (5,200 x 8) = 258,544 um /U
117,500 / (258,544 - 3,250 - 4,680 - 36,000)

0.547 U v3aUsyunal 6.57 hou

A NeNUsendnlananun

v
(Y7

Wiy AnlussegaiAuy

aAUsIENANTINY

MnHanIgIdeNUh Samduiazaussrhaaviudeiainnisgdlafuutieiudenddunsuan
dusausis Ao Snardrumaniifiudlaiudends 4.8% Faiinuaniidudomandulumunusivensulsey
gNANMNTTH (2555) UAZUAIIIUNENTTIYLYY Sudauis 238/2547 (NUA F50UUS, 2560) UATHANITNARDU
AuALTRfuTomAmesdusaueiidnTdunaLIng T nui Sansanme = 25.62% f1uAw = 60.18 % L

= 3.95 % uazArAuTouguiiv 6403.33 Alaraed/Alaniu
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wenanty Jmui dusawidindnanaveumaeiinnssuaiunsedilunsided axiidanuteu
TndiReafunisfinwinisudngudawisnaviuiivdennnszuiunswiivddu Failfio snddudaurieann
AYANLYDINTEUILNSIN DRy Fellriamudeu = 6,726 Alanaed/Alansy (Uguen 3lawa, 2562) uazgenindiu
SALYNTHANINLAYE LT IMAD2INNTEUIUNTHARNEIBNEANTOU BeilA1mudeu = 5,493.46 Alamass/Alansy
(adgwa vey, 2562)

ludhureinsvadeuszeznatinliwazdnvazaTuiiiatu wuii e 3 Sadndiszozinarnsanli
TndiAssity lifiafuindusia 3 Sandunarguugiinnuiouresdndiu 4.8% annsalirianufougds
544.60 samiwaldea IndiAssfuasauisnnasalifiuganssaifoumgiiniuieuvednugsanegd 556.5
parwaLlud (211us 1NTedunazany, 2565)

i Feenananlidnauaumdeidirumsenidlunssuaunsraniiu aansathanrunszuiuns
saduwiademdsdmiuindualdlnily Swenanastivaniymmsiansvesdemdeianmsnilniug,
Sutheannisialiivazuannzainnisudndulésaeg aunsaanlddedesas 90 vesmsnliifievhElukazay uwax
MneaiaTRnIudomdsdonuh dusautsiindnnasdnililnnistiu ansadurlmeunuriertuain

asldauldinensld Fadunisandununisudnlunszuiunisenslale

JorduDLuY

'
o o A

osannsiseluadsl avhdusauieiingald luanlduruosdaesssund deazilfosrindosanin
omaitliidesaeld Fuhlddusauiseraiinrutiumin (10.24%) Bsgeninaeivzenunsgudntien (8%)
Faudenaadeniinsrornainsmnuanliuiuiy vdefiuunasnisinzdaeliissmeand uldunie sty
iielAmT e uSALYanas TeazdsrariamALtouTesEuSALYiEEe

o A -

wenandlunszuaunmsgnliinisldanuieingUszsasdddny Ae wiolilealniinduninfudseyu Al

9199ginsAnwINsUNAIUNaNNYIN R ndue WU Tume neled wnauiudy Wevnlvlng1enladnduun

SUUsTIUBAY Uagt BN AR e INEAT T LAINTUA Y

LANE1981989

naulssugaamnasy. (2555). glluasuuamanasinumiiveudaionisussuduuyadomas
uazUAaNYsraI. NIUlTNUGAAMNTTL.

Sl wevan. (2550). nrwAmTaimassaursomawdol dides uasde
FnendinusUsyaumUadgia ldlddnui]. punainsalunninends.

U A3ius, suning Aoy wovausen vesegaes. (2560). ManAndemAsSauniay Tanwdeld
Tun1swantIvany. 2758753FInTumans unrmeasinaluladsivnmaaiuud, 2(1), 1 - 15.

9591 Junines. (2558). nsAnwipmudululaluninivdenuzsngnlulddudomadnuns
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Aneninus U rumtndia LlaaRun]. uninedusssuaans.

Fnsnqwal Sunsuadu. (2558). nszvaumsitumiTuiithmeauionsiuIgdy nsdfnwimmudumuudu
lusuakasingm suneaiios sorsaearm BverdnusUSyaumdading, aminerdedauins.

algwa gy, Auems taeded, weiina wsushw wazeAtun n1des. (2562). N1SHANAIUSALYIAIBLAYEIY
fimaonnnszuIuMsSHaRNaeNennse. 275753semaluladuinnssy, 3(2), 11-22.

menua yass. (2563). Tseiidnareaulivesauaentilnanisaurslunszuaunisinlsladauuus)
[nenfinusUSyruvntudie ldlaanu]. uminerdamalulagnsgaemnaisuys.

sfien wnea, T @3ing wagdtesel uiade. (2562). d1udawisaindintinvedlssluihdanasnsnld
e, T msUssgudrmsimnssulesmsiend a3l 24 uil 10 - 12 nsngieu 2562
Janingasonil (mih 2770 - 2776).

Uguen Jlawa, Vo 13qyansse, unsed neaey, 3yiand wiude, Usinsel Useneundnsnl

o

uazrUazin AYeY. (2562). NMTIATILADRTIEIUNALE NS UNTHANMTDINAIETUSALVISALAYE

q

VBINTLUIUNSWIBIUOY. 275975IAINTINAITNT Un7Ineaesaluladiaiul, 4(1), 43 - 50.

'
a aa o

TN wadesadan, e ﬁ’u%’um‘uamq WDeusuINTal. (2528). wiaweingAuntidnennlunsvingeinasnuwis

Tudsewelne. Tu msUseyudnings arwrfly A3 23 Tull 4 - 7 quAUS 2528 JmIANTUVnUmIuAS
(wth 152 - 162).

v
o a

T3z WuBuns. (2561). miﬂ’@umL%aLwaﬂé’ﬂLwiamﬂmsmémiqumu%’ﬁﬁﬂwmﬁ’udmﬁuﬁﬂluﬁmﬁamﬂmmwﬁw.
13FITINEIFATYIN, 23(1), 146 — 163.

vayase 113eR3. (2553). auvinmauaznemenimyesanliisateuiinanainimealsl
FnendinusUsyaumUndga ldladnui]. umInerdequasivenil.

ontfud NTeAS uagAne. (2565). NT¥UUNITWANS TSRV INIAMI UMD T Ul T9IUeNTIMNT 5.
35193VINITINGINGNT UNTINEIFETIVANTUNTINGY, 32(2), 8T — 94,

Kristensen, E., Bouillon, S., Dittmar, T., and Marchand, C. (2008). Organic Carbon Dynamics in Mangrove
Ecosystems: A Review. Aquatic Botany, 89(2008), 201 - 219.

Obi, O.F., Pecenka, R. and Clifford, M. (2022). A Review of Biomass Briquette Binders and Quality
Parameters. Energies 2022, 15, 2426, 1 - 22.
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nsUszdiunnudssiuguaImannslasududaduasaasauain (PM,s)
Ya93ngaludningiiesiil
Environmental Health Risk Assessment Associated with Ambient Fine Particulate Matter (PM, )

Atmospheric Exposure Throughout Critical Episodes in Uthai Thani Province, Thailand

o

auiln madey (Somnuk Hongyim) * §Aun $e5mungua (Thitima Rungrattanaubol) 2

oa9nIal BUNsN® (Alongkorn Intaraksa) ?
UNANED

nsdudaduazeasuuIaEn PM, s Aiusnasgiuneliiindymguamiiddy Tnaemzludmingiosnd

MuBeyUaymeeu PM, 5 8915w luiilasg g guas n153de1diinseiiliiingussasdiiie 1) Anwiniiy
Wutuwad PM, s Tutadingeludmingiesidl uag 2) UssliuanudesnnuagunInainnisduda PM,; 309Usewns
Tuiun doyar PM, s iudeyanfoglannsunivanuaiivuazninaieniiiey (GISTDA) iedsziiuanududy

Y

o o

vosilu PM, s Tufmingissitradounnsauionguaiay wa. 2567 Gudutasiiandu Pm,, geaaludiud
Tnevhnislnssimanududusefusazsaiiou Wenseaeunwiliuanuldsuntames PM, s Tunsaziiou
wazthdeyaunUszifiuauidesinuguam (Hazard Quotient: HQ) wazauidsslumsnonsi3smasndisdin (The
Individual Lifetime Cancer Risk, Riclun1sduia PM,; luuszwnsnuyaenguens wan1sdnwinudn 1) lugisdngd
Jandingiius1dianututy PM, s unsgu lnglanglugiansuuninuwasnun1ius Fadugaeiifiniswn
iy Tanmsinums 1w aedadnnuazden Aady PM, s lutisingfigei 80 lulasn3usegnuiaiiums ddsnanseviu
sogunmuszasuegeitedidy uay 2) nsussdiu HO wanvinguUsznseny 21 Yiulufiaudssinu
aunmgean vaiEdl Ric nuinguinengaindt 1 YmnmidswionniauziSagege uiamanudsdeesuazer

9 Y

Tuinaurigeusulanuuinsgiu US EPA usrisiunnsnisannisduda PM,s lnsanizlunguides wu lindnuay

v -

Hgeeny Weannansznuluszered

AEATY PM, 5 N5USZIUAMAEERIUAYN LaTieN190INA NALLEES

! infAnwmangns Us.a. Gremansaainden) AugdwiInden iminendeinunsmans e-mail: Somnuk_hongyim@hotmail.com
2 599ANE@N519758 AT, NMAIVIINGANANTAIINGDY ANTEILINGDN UMINYISUNBATANERS e-mail: thitima.r@ku.ac.th

3 919158 A5, NMAIYTINYIAERIFWINADU AMTAILINABN NNTINYIEBINYASANERS e-mail: alongkormn.in@ku.ac.th
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Abstract

Exposure to fine particulate matter (PM,5) above standard levels presents significant health risks,
especially in Uthai Thani province, where PM,s concentrations increase due to open burning activities
during the dry season. This analytical study aimed to: 1) investigate the concentration of PM,s during
critical periods in Uthai Thani province and 2) assess the health risks associated with PM, 5 exposure

among the local population. The PM; 5 data were obtained as secondary data from the Pollution Control
Department and satellite imagery from GISTDA, covering January to May 2024, when PM, 5 levels in the
area were at their peak. The data were analyzed on both a daily and monthly basis to examine the
trends in PM, 5 fluctuations each month. Health risks were then assessed using the Hazard Quotient (HQ)

and the Individual Lifetime Cancer Risk (RIC) to evaluate cancer risk due to PM, s exposure across different
age groups in the population. The findings indicated that: 1) PM, s levels during critical periods exceeded
ambient air quality standards, particularly in January and February, when agricultural residues, such as rice
stubble and sugarcane, were burned. The average PM,; concentration during these periods reached 80
pg/m3, significantly posing substantial health impacts. 2) The HQ assessment revealed that adults aged 21
and older faced the highest health risks. Meanwhile, Ric assessments showed that children under 1 year
old faced the highest lifetime cancer risks. Although overall risk levels remained within the acceptable
limits set by the US EPA standards, it is recommended to implement measures to reduce PM, 5 exposure,
particularly among vulnerable groups like young children and the elderly, to mitigate long-term health

impacts.

Keywords: PM, 5, Health risk assessment, Air pollution, Vulnerable groups

704



N15UTLYUEUDNAIUITYILAVYIA AN INB188FLU1E5ITNI5I1Y ATIN 14
The 14" STOU National Research Conference

uni

o

Jymwafivnsenadulgmduindeuiiddyvosszmalng lnslamzduazesswuindn PM,s
fualiufingsduodiodios nsdudadu PM,; egsderdeaduanngliindgymiguamlunatsssuy
89319MY WU szuumaiumelatagssuuiilanazvasniaon (World Health Organization, 2021; Brook et
al,, 2010) uenandidailnuiselusisussmanizinnisduda PM, s Tuszezenausadfiunnuidssonisiia
IsAuziSaUanuaylsaumIN (Pope & Dockery, 2006; Bowe et al., 2018) mrmEJmuamumizﬁ@mmwmmﬂ
vosUszmalnenudt Turas we. 2561-2565 AnadeeTues PM, ; lunaneuiifidwiuunsgiuflesdniseunse
lanmuun (WHO, 2021)ImmawwﬂuﬂquaLLﬁqﬁﬁmsmﬂuﬁia’aLLazamwa’]mﬂ% AWANTENUADFUNINVDS
Uszv1aulngnss N1sAne1v09 Johnson et al. (2023) WUINNIISUFURE PM, ;s Tuszazgiianudunusiunig
dinduresdrmmaduthedelsassuumadumelaweglsemilauasviaenden aonadasiunuidelulssmelne
Y09 dUdNG uazANE (2564) InuAUFIRUSTENINISERU PM,. AudugUiguenmelsassuumasiumelaly
NFVNUVILAT

5@%’3’@Qﬁamﬁﬂwﬁﬂuﬁuﬁﬁﬂwauﬂmwmaﬁw@uaxaawmmLﬁﬂ PM, s a8 3siaiilas Tnetaniglutag
ouunsaufmguaianvemnt Sadusinguisiifinsiayiannisinuns Wy aedsinuazdes ewdou
ﬁuﬁmsﬂqﬂﬁm%’mawﬁdﬂ Mndeyamsnsrainnanmeiniadounds 3 U (.. 2563-2565) wuindsuauiud
A1 PM, s v03daningiivsil lutisfeuunsiaudanguniay Lﬁummmgwmﬁmﬁum% (NsuMIUANNATY, 2565)
avemdnunannsnluiilas mamawTagnsinees uazliin doyaninduthsnnnsdudaduazessuuiaidn
PM,s ludaminaiissiinudnlugae unsiay fanguaiay 2567 WUmil,ﬁm%u“uaqgﬂaaﬁwﬁ'ﬁumﬁ”ﬂm
Tulsmeuiadelsassuumadumela wu Tsavaenausniaudeundu vevdia uazdendniau uananidmy
maifisturesthelsavilawasviaeaidon 1w Tsevlarindendsundunarisavasnidonanes Insiamslungs
Uszannsiisoulm iy wWinidn faeeny uazdiiiflsauszdi @haumsisuguimingiiosid,2566)

MsUszifiuANudBIfuauAIN (Health Risk Assessment) luin3esiloddnlunisussidunansznusie
gunmanuafivinie na taefinnsananuiinaansuafiviilssudngsnane sseznaimsiududa wazanudy
fiwvasasuaiiy (USEPA, 2022) NsAn®1ved Anderson et al. (2024) wansliifiuiinisuszidiuainudesdiy
aunnannsnlfidutoyaiiugiulumssinuainasmsdesiunasudladgmuafivnsoinidldediedssaninm
Tutsenelng fnsfinvnsussdiuaudssiuguamain PM, s lunaieiud wu msfinuves Jseanes uas
Ay (2563) lufiufingammaviuas uazn1sfinyives 1330 uazany (2560) lufwiadodl nsUsaduany
dosfuguainnnsdudanu PM,; fanudifyegiebs L‘fiaafmﬂB'JquaxawummLﬁﬂmmﬁammLﬁﬁ”quisw
madumelalddnialenuaznszuadon duteliiAnnansenuogunnléiilussesduiarszoren wu lsaszuy
madumela lsavlauaznasaiden wazifinanuidssdenisinlsauzisaon (Brook et al, 2010; WHO, 2021)
nsUszdiuanudssinuguamiadutuneuiiddylunsiinnesivounuas seduanudssiidu PMm,,

ananeiistuivUssrnsluiiug wenaninisUssiduanudssdaduniaseddgylunsatvayunmsdndulaly
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¥ o
A A = '

Waulgurewaziiug Faztigluniseeniuvuinsnistesiuuavannansenuveuaiy PM,; Nilseguninees

Usvyrgulusgauiiuilaognaudugi wu nmswauissuuihseiunineiniea nsmmuaiaallun1sdinie

Aanssuienaneliinuaiiy waznisimuasinsnsauauuaiiwluiunndsedu PM,, a9 n1sussidiuanandes

v '
= =

Feelimheruiftesannsadanmsuafivliegisiiuszdniamdadu eananuidssweguamuesszvivy
(Greene & Morris, 2006; U.S. EPA, 2019)

Fatiy miﬁmmmﬁﬂizLﬁummL?imﬁmqmmwmﬂmﬂﬁ%’ué’uB‘Ta PM, 5 Tugiaingauesdaningiesidl
FJeflmuddnuaysndu Lﬁmmﬂé’ﬂﬂﬁﬂﬁﬁﬂmﬁﬂizLﬁumwmﬁmﬁmqmmwmﬂ PM, . Tuilufidoghafussuy
mamiﬁmsn%Lﬁuﬁagaﬁwﬁmﬁm%’wmmmﬁLﬁ'wﬁaﬂumimaLLmuLLazﬁmummmmsﬂaqﬁuwaﬂiwuﬁaqmmw

vaaUssyulunun aenndesiutaiausuiuzuad Wilson et al. (2023) Nseyinisussiiuanuidsdluseauiuni

AMUEAYaNTInNsUgmnaienseInAlussauTiodu

WUILENA
1. Wednwsziuarududuvesduazessuindn Pv,, lutidingaludaningiivsii
2. 1 pUTBIIUATMILEEAUEUN NN TFUREHY PM, s luUssInsdamingyiesiil

= ada o

szdeudsie

sULUUN13IRY
a v dy [ av a a '3 oy VY a a o

ANFIYUTUNITIVYIINATIEN (Analytical Research) ImSslﬁjsuayjavmEJQM']ﬂmimammmmwmmﬂ

a

YDINTUAIUANNATY Uazdayadnsesuuinmu PM,; 31nwmalulaganiieuwazilansaume (GISTDA) vudsdeya
Uszmnshudmingiiesiluazdeyanisidulaesiag PM,s Tneilszoznatlumsanudaust fouunsauds NOENIAY
WA.2567 eaziendiel

Hufinnsise

Anwludamingyiesndl %a@uﬁuﬁﬁﬂisauﬂmmmﬂwﬁu PM, 813 BLTl0 Iﬂﬁnawwﬂuﬁmqauﬁaﬁﬁmi
WAYIAANITNEAT WU AOTIT1ILALERY dINalMANNITNTENEAIVBIY PM,s 1uﬂ%uﬂmﬁqauaﬂa1ﬂﬁé’awi’m
giiesil dﬁé’ﬂwmxﬁvﬁﬂﬁzmﬂ‘ﬁLﬁyasiamiazamaqsguaxaad‘luusimmﬂ sufuiladefidmansznusde

qsum‘weuaaUszmﬂﬂuﬁuﬁaéwﬁmw

S2YZLIAINTTIVY

miﬁﬂmﬁ%ﬁﬂLﬁumsLﬁmamm%mﬂaiwdmﬁauuﬂﬁﬂuﬁﬂwqwmﬂm w.a. 2567 Faduraedifiddu
a¥804 PM, 5 a9anvay Tneludasil ﬁﬂwummﬁuﬁmaqszﬁuﬁu PM, s THHaNTENUADAMAMEINIALALAUNTH

vowszvuluimingiiesnd
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Aa v

\sesiiide/dayailldlunsise
1. ToyanNINeINIA PM, s
lioyanunIneInIAmIINNTUAIUANLATY Fafinmsandeaaniingrotn PM, Judiui Imasﬁagaﬁ'iwsw
JzUsvneudeaLade ety (LlasniusegnuiAfiuns) vasasndudu PM, Tuituidnw wenanil Joya PM,;
PMNANENYANILTEURAZ)TANTAUNAIN GISTDA azgﬂﬁmﬂ%lﬁaﬂizLﬁumsmzmU&l’aﬂuaqs'guazaaﬂuﬁuﬁﬁhjﬁ
aoiinsratalnense IngldmaluladiiiauasBeadeiiufivszana 1x1 Alawns lvawisafaniunis
WasuuUamwes PM,; luusasituiildodnasdeon
2. Yayaus¥yng
Foyauszansfiuonnungueny na uazaniuzguamm en1susziliuanaudsaanizngy Tasians
naandes 18ud Winidn daeeny waediifllsadszii doyatiarliinlunsinsginnuidssnn PM2.5 deguniw
Tneruidviluendundueny fe englesnin 19,129, 237, 3-6 T, 6-11 T, 11-16 T, 16-21 T uazergannniy
21 9 quly

nsAssideya
1. MsUszfiuanuideseguanauyyd
1.1 msUszidiuanuidesdaguam
Tunsdseiiunuidsadoguainainnsdudadu PM,; iussuumadumela nsdiuinen
dndhuanudsavie Hazard Quotient (HQ) Tiflessysefuauidssivssrnsluiiufioussautymdudadu
PM, s @UN13AN5ATUE Hazard Quotient (HQ) il (USEPA, 1989; USEPA, 2011)
#un15A1UIl HQ = ADD / RfD

Tooii:

HQ = Hazard Quotient 3ednaiuaudss i HQ > 1 mnemuhimadssiionedmanseusegunin

ADD = Average Daily Dose vﬁ‘aﬂ%mzumsﬁiﬁ%uLﬁﬂﬁiwmﬂlul,wiazi'u @adnfusetminnduilansusetu,

mg/kg-day)

RfD = Reference Dose yi3aAUSnamsiuywdannsosuldluuias hlaglineliiAnuansznunisguniw (me/kg-day)

FeBanannausinnIgIues USEPA

nsfunAedsUsaEsTildsuanmemelaluusiay u (Average Daily Dose; ADD)
aunsAwans Aall (USEPA, 1989; USEPA, 2011)
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#un15AI1U28L ADD = (Ci X InhR x EF x ED) / (BW x AT)

ol ADD = AnadeUsinaensilasuannsmelaluusasiu (ug /ke-day)
G = ml,a?iammt,%u%u%aaﬁgu PMys (ug/m?)
InhR = §hs1sduiadsanaudemiienal (m?/day)
EF = arwdlunsduda (350 Yu/A)
ED = szvanitduita (@)
BW = 1hwitinsnametade (kg)
AT = svaznaiildlunisiade (Ju) = ED x 365 Tw/A

nsiwInAUsINaEsiaunsasulaluudas SulaelineliiAnnansenunisaunn vise Reference Dose

(RFD) am3AuInd fad (USEPA, 1989: USEPA, 2011)
dUn15AUI RfD = (RFC x IR X ET X EF x ED) / (BW x AT)

Tnedi: RfD = U%mmmiﬁmmsamﬂﬁuL%"lgjﬁwmaiul,l,cﬂ'aﬁu (ug /kg-day)
RFC = Aanududugadanasgiunanimeinieanmsiasududadu PM2.5 denmsmela
R = §hsinsduiiadsanaudeniiienan (0.83 m¥hour)
ET = szezlaantunsdauda (24 hour/day)
EF = pudlunsduia (350 days/year)
ED = szezianitduda (30 year)
BW = thmiinsremetade (70 ke)
AT = sveziaiidlunisiade (ED x 365 days/year)

2. myUszdiuanudeanisiouzide
nsAuInA1ALEsslunsieuSInaen®1933m (The Individual Lifetime Cancer Risk, ¥3® Ric)
anunsavilalaeldaunisnisussfiuananudssnnnsduiaaseusidwiunismele wazenduanudunisie
12154 (Slope Factor, SF) Fadunisinaudufiviussezenvesaslussduiiavifinanudsdunisifinueids
aumsA fail (USEPA,2005)
fuN15ATUI Ric = LADD x SF

Ingi: Ric = The individual lifetime cancer risk (muiEaslunsnouzissmaenyinvosynaa)
LADD = The potential Lifetime Average Daily Dose (AadsUsinaasilasuannsmelalunsas iunaend9din

SF = The Slope Factor for Inhalation (AduUssavsmudulumsiouziSsdmsumsnela)
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A13AIUIN Lifetime Average Daily Dose (LADD)

A1 LADD 9¢MUIanUSuaiansnlasuedesaiunanntatin auniseuin aetl (USEPA,2005)

#un15ATU8 LADD = (Ci X InhR x ED) / (BW x AT)

Tnei: Ci= ml,a?ismm,u%'u%'wumﬁgu PM, 5 (ug/m?)
InhR = hs1nsduiadsanaudemienar (m?/day)
ED = szezianiiduda @)
BW = thmifninameiade (kg)
AT = szazianildlunisade (u) = 70 Y x 365 JuA
mMsAIMAIALTUNNIABNLLS (Slope Factor, SF)
sk HuanildlunisiaemudosdunsiousSennsduiaansiousise wu HUagead PM,; A1AINY
FuiluansdesziuanudestenisiiausSailiutudmdunisdudaanslulsunamis Tnevlu dn SF agld3unis
AvunaINnITIdeuasnaasdludninieuyed uazgnaialaenylsau lauwa U.S. Environmental Protection

Agency (USEPA) witaldlunnsuseifiuauides auniséiuin #ail (USEPA, 2005)

#uN15AU SF = UR x BW / InhR

Toeit:  SF = erdudsyanseudulunisieusids (per pg /kg-day)
UR = Unit Risk (per pg/m3)
BW = tmifninamenade (kg)
InhR = 5@mmsé’mﬁa?ﬁqﬂmmwmmm 38 Inhalation Rate (m3/day) dw3Urlu PM, s 1 Unit Risk (UR) i1y
0.008 per pg/m? (Greene & Morris, 2006)

Aniwesinasg delilumsussduanudevingunn ussUssdiuamnudedunisnenssainnis

Aularlu PM, s Tuaun1saanaadnesiu fannsad 1
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AT 1 WARANITITABTAIINNTAURGRY PM, 5 1T UsZINANE YR8 LYY

nguae InhR (m¥day)  ED (¥)  BW (kg) 31984
<1y 4.5 1 7.8 U.S. EPA, 2011; OEHHA, 2015
1-2 ¢ 7.0 1 11.4 U.S. EPA, 2011; OEHHA, 2015
239 8.3 1 13.8 U.S. EPA, 2011; OEHHA, 2015
36 1 10.1 3 18.6 U.S. EPA, 2011; OEHHA, 2015
6-11 U 12.0 5 31.8 U.S. EPA, 2011; OEHHA, 2015
11-16 U 15.2 5 51.8 U.S. EPA, 2011; OEHHA, 2015
16-21 1 16.3 5 65.3 U.S. EPA, 2011; OEHHA, 2015
>211 15.7 54 70.0 U.S. EPA, 2011; WHO, 2016; OEHHA, 2015

nsaAIziLaznIsulana

1. mywnssienududunione fusagsadiow: deyaninududuves PM,; asgnimsiziludade

' 1
[

setusazsedou welidlauuiliiuasdiaafiszdu PM, , geanluiiuiidmingiived dufoyatastaeluns
srytanaidvingadeguamvesuszang
2. miﬂizLﬁummﬁmﬁmqmmw (Health Risk Assessment)
- MAIUAT Hazard Quotient (HQ):HQ gnewiniaInal LADD laenisiSguiiiguriuen
Reference Dose (RfD) v83 USEPA dnsuansilalnenzide HQ nnnin 1 Yediniiaanndesdt pv,, onatinansenu
AoguNNlusTEEY
3. msUsifluauidsenisnonsi3s
- mM3dwnaaaudesunisneuziSimannta93in (The Individual Lifetime Cancer Risk, 138 Ric)
nMsuUananBdsaionIsiAnuzise n1suUana Ric
Ric < 1 x 10°: aundssdnnn fedeousuls
Ric = 1 x 10° < Ric < 1 x 10 aandvseglusziviisensuls wimsinisihssis

Ric > 1 x 10 A28 ASHNIRTNITanANULEEalAeLS)

Nan133vY
1. GBunnauanududuvadduPM, ; Tuldhiau unsiauns waen1au 2567 J9ningiiesiil
Nndeyauiinmredoves PM,; s1eiuvesdmingvivstil lutaadiou unsieu fs wuanau 2567
ftouansuiulifideyaiviamely Suideyaudinsie sansfinwwudn Usnuenuduturesiu PM,; ou

un1Ax 89 NuN1AL WA, 2567 nsiUdsuwdasiiddluamnimeinie Tudisiul Weunnsiauwasnuaiusidu
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FrinunImeInNIFeglun1eIngs A1 PM,;s aufuuinsgiuiinvualisgiweiiies agvieuisanisuaiunia

mmﬁﬁéumq Tnganizlugianalafoununius A1 PM,s Weaedislszuna 80 lulasnSusagnuiAiuns
?ialﬂuszé’uﬁuﬁmﬂ@iaqﬁumwmaﬂmsﬂuwu LﬁaLSﬁngLﬁauﬁuWﬂu L31L§MLﬁuﬁ@mwmﬁﬁsﬁu A1 PM, s Suiiuualiy
anasathwiaiiles nsanasiiiiusedlevihuiey wweunay nwguniau tnglutislansifoungunial A1 PM,
a f a 3

°

A 10 lalasnsusiegnuieiuns GeininunasgiuegeiivediAy Aunimi 1

GécdcdcccdciZiZZiZZZccdccdccccacidsidgsdsdgsgccccccgad

FRfiggrggageccccc e opuRnptRaRE i S 33 33333 s FErserEesx
— NOMWOUON L © N - NOMWOAN LH O g v AT 5% 5 !

D SHEE N AR L e T L\ ﬁﬁﬂﬂNNNMmoc\ﬁﬂgsz%momgﬁgzghg
u.A. W, i.a. [STRN W.A.

== PM2.5 128t 24 2.  =8==PM2.5 128t 24 1. MO

AN 1 nTLEuLEns A PM,s tafe 24 Taluediunsieiiou Janingyiesiil

'
a

WielnTEnsedsu nuii fleuunsiaunu-an unMsalingngean lnelAady PM,; 49.26 pg/miuay

TFUNANRIFIU (37.5 pg/m3) 25 Tu (80.65%) A1E9ARTA 70.0 pg/mAAaununInus-lunay wanwwulliunis

USuiiftuiintes Anedeanainie 46.62 way 44.58 ug/mmua1iu Tuiliiuninsgiuegf 20 u (68.97%)
way 24 U (77.42%) AIUEIFU LROWLWIEY: @01UNTaIRTUsaeY TTuTANLINSgIU 20 Tu (66.67%) ALade

@ o

ag#1 44.20 pg/m? warluhaunguaiay: an1sdsunlatedelivddny Tuifuunsgiuanannie 7 Ju

1] o

(22.58%) ALaBEanawiae 23.39 pg/m? FInnsedi 2
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M13199 2 KARIIUIUTUTIAY PM, 5 WIUNINTFIUIMUNTIEREU Janingviesiil

AOU W.A.2567

daya e s =
ANIAU NUNTNUD AUIAU LY8U NHENIAU

SrnuTuiifien PM, s iy 37.5 ug/m? 25 20 24 20 7
SovazTuiilien PM,,; A 37.5 pg/m? 80.65 68.97 77.42 66.67 22.58
m‘wﬁwqm PM, 5 34.0 25.0 30.0 28.0 9.0
Agagn PM, 5 70.0 80.0 62.0 64.0 50.0
Anade PM, s 49.26 46.62 44.58 44.20 23.39

SD. 10.54 14.62 8.14 10.83 13.28

gAY FUUNTILENNE WU Bneilesyisstl 31uTunian Py, IRuNRsgIuEEn Loy
waregi 21.67u doiou Tuvaziidinethulsiidnaiedgad 18.2 Tusaweou sglsiniu lufeunguaiay

Frunuiuiien PM, s iunnsgiuanasegniuladalunsine fnmwi 2 w3 3

100

——p Wy =@=p, A UAN @ p, U4 0.MIUAN =SB0, UUDINTY  ==0,HT001THA] =D, WUBILIVETY  =@=p iflounDs1l]l  =—@e=Pm2.5110557U

A7 2 nTlduLEns A PM, s tafe 24 Falieduunsgiiou 18800 Jamingvivsnil
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M13199 3 WAAIUIUTUNEAY PM, 5 {AUNINTZIUTMUNTIROU 18800 Jningviesndl

1D W.A 2567 Suauiuaied
9N0 y A1 PM,
a.A. N.N. a.A. 13, 8. n.A -
HNUNINTITU
YN 25 21 25 20 7 19.6
Puls 25 17 23 20 6 18.2
audn 25 18 26 21 7 19.4
aingonsual 25 21 24 21 7 19.6
PUDIVINEN 27 24 27 21 7 21.2
NUDIR 26 21 24 19 6 19.2
MLAR 25 20 24 20 6 19.0
WWewyiysil 27 24 27 22 8 21.6

2. wauszdiuAMudssduguWBYwEIINMsEuEduPM2. sluussemAluifiou unsiau B
WOBAAN W.A.2567 F9nIngiiasil
2.1 wansUssiiuanuidssiuguniw

nannsUsEiliumudssfuguamIe s ywdannnsaudadu PM, s Tuusseniavesdmin
o1l lutafouunsaufenguniay we. 2567 Tasutsnunguengsineg Afiuandunisisien HQ (Hazard
Quotient) Fadudvifililunisusziiunnudesieguam A1 HQ Aidesnin 1 Vsuandsanuidsasiiilivieg
\Renansevusiogun Tuunedian HQ fannniwewidu 1 uansisrnuidssiionazifanansenusogunmld

ndeyalunisns nudd HQ Tuwilduanasainifeunnsiaudanguniaulunnngueny lag

a

WounnsiauilAn HQ gefian uaziReunguaiANiial HQ Adign nauotguNAd 21 T Jd1 HQ geflanluynifeu
Tusnzdinguengtiosndr 1 T fidn HQ dtaalunnieu A HO Swnlindudumueigfiuniu luwdvesrudes
#ogunW naue1gaINnIn 21 U dauidesgean Taeien HQ 1Ay 1 Tuifeunnsiay nuaius fuiay wasiuwiey
ngueny 16-21 T fie HQ 1Ay 1 wngluifeuunsiau daunguengdus fid1 HQ sndr 1 lunnidteu uansdenim
Woesn 1 HQ gelugiesiud (uns1au-nun1ius) uazananiesy sufafieunguaiay s1eazvioudsUsuary
PM, 5 ﬁﬁmﬂiuﬁhwﬁﬂLL%@LLazamaﬂLﬁaLsﬁwéqawu wiinguengtiosagiian HQ findn uaflilldmuneauinag

Y P

Uaendenmun einnnenafinnussulmsenaiivmsenniaunningivg fmsiei 4

£
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A5 4 wand A1 HQ Nan1sUsziiuaudsseaunInvesyed (Health risk assessment) Asnguens

Aoy A1 HQ wamsﬂszLsflum'mt?iawiaqﬂmwmamqwé (Health risk assessment) a1ungueny
<19 1-2U 2-31 3-61 6-11U0  11-160 16217 > 21Y
UNINAYN 67 0.53 0.66 0.66 0.79 0.92 0.99
NUANUS 67 0.50 0.62 0.62 0.75 0.87 0.94
fuaw 67 0.48 0.60 0.60 0.72 0.84 0.90
WU 67 0.42 0.52 0.52 0.63 0.73 0.78
NOBAIAU 67 0.25 0.31 0.31 0.38 0.44 0.47 0.50 0.63

2.2 Nan'szxLﬁumﬂm?immsriauzﬁamnmsé’uﬁawwh%’uﬂu PM, 5
nanTATzinsUsziiunnudesenisinlsauziainnismeladudaduazessuuinidn
PM, s Tutaaidiouunsiaudanguaiay n.a2567 lnesuunaunduengiinnaiuoonly lunssidinsudstoya
sonilu 8 nqueny laun Lﬁﬂmq@i’ﬁﬂdw 19,129, 239,361, 6-11 U, 11-16 U, 16-21 U, wazu1nnin 21 U
ATlUA1519MERIEIAT Ric %38 Risk of Cancer Jsvnedernuidsdlunisiinlsaueds lnadunsuszdiuainnis
dUla PM, ﬂ'WﬁLLaﬂﬂugﬂﬁuaﬂﬁagﬂsaﬁmmmam’ W 9.5x10° Famunedrnauidsadisusiiiu 0.000095 910

NFIATIERteYa nuIngueeinndt 1 Ylanudssgeiigaluynipiou Tlunenduiu nqueny 16-21 U

'
a

audessiiiga daluiion nuaus manudssdiangaiasluieunngueny Insazifuiuuliuiaiudes
fnsanadludiafeununiug i nquaneu fegradu lufeunnsiay 2567 wuindndifiengsingt 19 fin
AnudesiensLAnuISa0g7 0.000095 vioUsanal 95 feUszrnsuieduau famnsed 5 Tnevild Aauides
fvousulddmivansineliinunareglutasseming 1x10° 81 1x10* Tunsdidwuhamudssdningjaney
Tutsfensuls uiluunnguenguasunafeu sramuhAmanudssazganiitisianaidntos Sﬁa;gafjﬁammaa
il susunsdidunesnsdesfusazananudssanuafivniseinia laslannzlungudnidnuazlu

fzhanawﬁmmml,?lwquﬂuﬂl,w
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191971 5 wans A1 Ric nansUssliuanudessienisiinlsausise munguey

\iau @ Ric iamsUsziliuanadsssion1siinlsauziSe aunguany
<19 1-2U 2-31 3-61 6-11U0  11-160 16217 > 21Y
NATIAN 67 9.5x10°  4.3x10°  29x10° 4.8x10° 2.8x10°  8.7x10°  54x10°  2.8x10”
NUAMWS 67 1.0x10"  4.1x10°  28x10°  4.6x10°  2.6x10°  8210°  52x10°  2.7x10”
ey 67 9.1x10°  39x10° 2.6x10° 4.4x10° 25x10°  7.9x10° 4.9x10°  2.6x10”
WU 67 79x10°  3.4x10°  2.3x10°  3.8x10° 22x10°  6910° 43x10° 22x10°

WQUAAN 67  4.7x10°  2.0x10°  1.4x10°  23x10° 13x10°  4.110° 26x10° 1.3x10”

aAUseNa

MnuaNsANYIMUITmingies diidayvanantuturesu PM, ;s adlasianizluingguas denndesiu
S1e9uanILNITainAA eI IAYesUsE Al TENING e 2561-2565 Fauandliifuiniuiivanswis Tnslans
Tusasfisimsmluilauaznsiiuifemannaninisineas 4a1 PM,; IRunasgiuiiesdniseunsislandmun
(nsumuAuuaiin, 2565) uenainil n13AnwITes Anderson uazAmy (2024) S13¥YIINTHNAYIARNITLAYAT
dwalsiendu PM, 5 Hsgeiuegnaiifoddnlutaigguds Tnsnmeluiiuinunsnssuiidinddmannduisdans
wiwdan i liuiiwadiaudssi e meniawaskansenuseguamaesUszrsdluvinulndifes
(Pope & Dockery, 2006; Brook et al., 2010) Wil fjr:ymc@uazaaﬂuﬁuﬁmwmmmEJ’Q"L(?{%’Umiﬁué’umﬂmu%%’a

Tusaszmafivansbiduingaudadutiaaaiiidy PM, dinfianududugedu iewinnswayiagnisnens

Y 9

Wudadendnlunisiiuseauduluainia Inen1s@ne1vad Johnson wasany (2023) WudnHuANTIn1swWalualas

a

P

Lﬁaami’a@mwmm?ﬂaﬁa%umsgu PM, 5 LﬁusﬁyuasmimL%qLLazLﬁuizé’uﬂaamﬁ’ammﬂm%mmgm (USEPA, 2011;
WHO, 2021)

nansUsEuAmAsswnuguamaInnsdudadu PM,s ludmingiiosildl wudssiduiiiraulanans
Uszns Tasludunsudsiumuggnia wanisnwinuina HQ fuwiliiuanasegdeidesanifiounnsiauis

=

WWAAY TedaanRediuNIsANYIVEY Nflaa wagamy (2565) NAnwlufmialeddninnuzuuuuainudesigs

Tutagudsuazanaadodngnaru ueninidsdauasnadosfunisAnmves Liu et al (2023) luusznady
finuindr HQ fmnuduitusiuggniasgredaau Taeiidgegeludisggruiiuassanluggiu Tuussiiuainy
uanessETIaNgNe Y MInwEnuinguegunndt 21 T fe1 HQ gafian FewansnsninnisAneives Chen
and Wang (2024) fiwutndinergsiindt 5 Yilenuidesgefign anuusndsierafnaniadedunginssunsld
FAnuazszznamsdudaiuandnsiuluuiunvesdaulng Tasfevhausinldnatuentiumnnd aonadesiv
nsfnwIes aue wazany (2566) Anuidlug Tevhaulufiufinuasnssuilonadudaduareounnniingudu

dmsususgauanudss Msnnua1 HQ 1Au 1 Tuunanguengwasunagieiantiy Inugenndesiunisfinyives
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Rodriguez et al. (2023) finuiniiufififinsundsnalunisnuassindan HQ iy 1 Turnguds uazdidenndostu
nsAnwIved Kim et al. (2024) Anuinuszanslufiuiiilen PM, gjqﬁm’mL?iﬂwiaﬂﬁLﬁfﬂwamwu&iaqmmw
Tastonglunguiidnsdudadunaniu dssiuaaineiieaiuamnuseulmveingudss whwans@nwagnui
nauenglisadiAn HQ snt uitedunuiiaonadestudedunnues WHO (2023) uagn1sfnuiges Thompson et
al. (2023) fiszyindniinrmseulmdevaiivmsennannninglvg) wigldududdluinuidesndn idesan
ssvugifuiunarszuumelafidaimulaidiud oy ulfen HQ aend 1 lundudin Adesdndudesdinininis
ﬂmﬁ’uﬁmmzamﬁm%’mdumqﬁ

mmamiﬁﬂmwud’]mmLﬁmﬁiamiLﬁsﬂsﬂmﬁamﬂmimﬂaé’uﬁas{u PM, s ¥03Uszunsludanin

o = a 4:4'

am&awum"wummmesmiwdwﬂejmmq WU’hLﬁﬂmq@hﬂdw 1 9 feAanuidgasanissinuese (Rio) qqﬁqmiunﬂ

q

£4 o =

Wouvinn1sAnw laediAngedis 1.0x10* Tuideunun1ius Feaenadesiun1s@ne¥iues Zhang et al. (2023)

o A

Inuimsnuazinnidniianudssgeniinguduiesninsevugfiduiuidaimulivufiuazdnsnismelase

q

ﬁmﬁﬂﬁaﬁqmﬂw Tuvnigdingueny 16-21 U fidanudesindian Faunns1sainsan1s@nyiues Wang and Li
(2024) iwuinguigeerefinnudssiiign Fumsulsiununm m3fnwnuiwliuidaauresnisanases
Aaadsaainideunuaniusimnuaiay aeandesiun1sinuives audnd wazany (2566) Anuguuuunns
Wasuulamungnialudnuasifendu lnsmanudsduunliigdluigguéuazananioingaru denndes
fun13An®1989 Chen et al. (2023) ‘1’7iWummﬁuﬁuﬁ‘iwdww%mwﬂu PM, s kazAudesonsiinusds  ay
ggn1a WewSeuifsuiuinasiuinsgiuanudssiisonsuld (1x10° f¢ 1x10) AuuuIniswes US EPA (2023)
wuimaadssdnlvnjoglutasiisensuls uifusnsdifiAuwnasidnios Tastamzlunguoigiiniy 1 Y Tugas
Aoununitus Gaaenndoatumsfiny1as Thompson and Brown (2024) finuiituiififuafisnsennageing
AAnudssAunurinsguluus e mamsfnuitteddydenisasisug Insaonadosifudewuouus
¥84 WHO (2023) ‘1’7iLﬁu§Wﬂnwméﬂﬁ§ymaaﬂWiUmﬂaqmjmLﬂﬁwim TglanIzmInuazinén anuafivnienie
MsfnwIes Kim et al. (2024) Ssszyiusimnandssazoglunaumifivensuld uinsaansdudianiu PM, ; Tios

Pgaderaduthmneddglunisdestunansenuseguamluszese

Jalauauuy

1. ﬁam*’iﬂqﬁaﬁwﬁmiﬁmummm':tmiai’wﬁmﬂmmiuﬁiéa Imamwwﬂuﬂhmuﬁﬁﬁgu PM, 5 Lﬂ'ugﬂﬁu Ly
mMsingisnam ez s imsinnaaagnadeniilineliiAnduazees

2. nsuAUANNaisiazmienuszauimdn asiawssuuhseTuazudusounnaImeInNIALUY

Sealninaseuaquimdmingviesii lnsanglutiniouunsiaufnuaiusinuaianuidssasaauwagliinig

]

JavirszuunisuIsdsuantzdmiunuiids wazngusieuie lnswnglunuindnisenluilawasiui
\NEAINTIY

=

3. anmuneIvamsinssuUguativiivdmsubneeindt 1 U Sadlanudssionsiiauzisegeiian
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[V Y
v o A A

4. psfnsUnAseEwsiuTansiiuTivasndy (Safety Zone) lugudinunindnuaslsaSou

5. MIIEUANS1TNAIALTINAANTSH AL SLazkInIentinInUesiuiuniusevivu Inglanizngy
s noulviduugtifeduitanmsdudaduluradings

6. MsTiNITITEAURANITZNUVDY PM, iaguamvesUszyivuluevivand lnsanglunguiinuazdgeeny

ieldiludeyaiuglunmsnusudanisuafivlussezen

LANE15D19D9
nsumUANNARY. (2565). Teuanunsalnun neInaUssnalne U 2565. N3EN51MsneInssssuyAnay
FAunany.

NIUAUANNATY. (2565). TIeuanuUNMsaiaMAIneINAUTEINALIY. http://www.pcd.go.th

wsfia gvidaed, 3 FTeRTana, waranwe wAzEgs. (2565). MIUszdiuaudssiuaunnaIn PM,s Tu
F¥adesluel. Msanseunsdudanndoy, 24(1), 1-15.

Usends 1330y, 3013 ABUNS, uasauwe Lieuain. (2563). miﬂssLﬁummLE’ENé’wuqﬁumwmﬂmﬂﬁ%ﬁuﬁa
Auazaaualiiiu 2.5 "Lmiauiuﬁuﬁﬂqummum. MsansAewndenlne, 4(2), 45-58.

2556040 auyiiﬁ, quns gstuniu, uasiuvvun Jaunselvn. (2564). miﬂimﬁummLﬁadﬁiaqﬁumwmﬂﬂﬁ%’uﬁmﬁa
PM, 5 ludanindiedival. 1sansineemansagunim, 16(2), 78-91.

auvy vieaaey, Iy Aand, uazsunsal M3g. (2566). HanszvuaNMSANRARL PM, s Tungudlvgiivihaulu
Nufinunsnssy, msmiqmmwﬁumé’am, 22(2), 102-113.

aumne 1datan, 9o nwans, uazusdnwal nelnes. (2566). miﬂﬁxLﬁumié’fuﬁaﬂuazaawawimmﬂuﬁuﬁ
NYATNTIN. NTETAIUANLIA, 49(2), 145-158.

audnd Ainwuwing, gams langa, wasSse tnsen. (2566). Maldsundaimuggnaesnandessnuguam
AN PM, . msmﬁmmimmmq%, 32(1), 78-92.

o o

audini Jefu, nafiva Vowsulasy, wazNgRANT JuIUUN. (2566). mmL?imsiaqeumwmﬂmié’mﬁa PM, 5 Tu
Nuiinmanievesssmelne. NI IEEANTAVNN, 17(3), 135-148.

audnm Nﬁﬁi’ﬂﬁ, NSANEG ASNIN, BazITIINA g3na. (2564). mmﬁ’uﬁuﬁ‘iwdwwé’uﬁuazaaq PM2.5 AUITUIU
gureuanmelsassuumadumelalunsavmumiues. Msansauaulse, 47(2), 238-248.

drdnanuassaguimingiiesiil. (2566). sneanuanunsallsaanuaiivniseina Smingviesnil U 2566.
dinanuassauguimingriesiil.

Anderson, D., Smith, J., & Williams, P. (2024). Health impacts of agricultural residue burning on PM, 5
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