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Abstract: 

Obesity is a metabolic disease characterized by high body mass index (BMI) and 
excessive body fat. The prevalence of obesity has rapidly increased in over the past decades. 
Evidence suggests that the etiology of obesity is associated with environmental exposure to 
obesogens, chemicals that can promote adiposity by reprograming adipocyte development. 
Various obesogens have been reported to promote obesity via the activation of peroxisome 
proliferator-activated receptor gamma (PPARγ), a master regulator of adipogenesis.  
In this study, we investigated the effect of emerging environmental polyhalogenated 
carbazoles (PHCZs) on adipocyte differentiation in human adipose-derived mesenchymal 
stem cells (AD-MSCs). Cells were treated with several PHCZs at environmentally relevant 
concentrations ranging from 0.05 - 15 µM. As a result, PHCZs significantly promoted 
adipogenesis. We further investigated the molecular mechanism underlying PHCZ-induced 
adipogenesis by using a selective PPARγ inhibitor. Intriguingly, the level of PHCZ-induced 
human adipocyte differentiation was completely mitigated by the treatment of a selective 
PPARγ inhibitor (GW9662) suggesting that PHCZs promoted adipogenesis through the direct 
activation of the PPARγ signaling pathway. Moreover, the gene expression profile of  
15 adipogenesis related genes confirmed the role of PPARγ in PHCZ-induced adipocyte 
differentiation. Altogether, our findings uncovered a group of novel environmental obesogens 
promoted adipogenesis at environmentally relevant concentrations and provided implications 
on metabolic effects posed by environmental chemicals. 
 
Keywords: Polyhalogenated carbazole, obesogen, adipogenesis, endocrine disruptor, 
peroxisome proliferator-activated receptor gamma 

 
Introduction: 

 Obesity is a multifactorial disease affecting millions of people worldwide across all 
age groups. The etiology of obesity is not only an imbalance between calorie intake and 
energy expenditure but also the exposure to some endocrine disruptors. An obesogen,  
a subset of endocrine disrupting chemicals (EDCs), is an exogenous chemical that mimics the 
structure of endogenous hormones, which can disrupt the homeostasis mechanism and 
ultimately promotes lipid accumulation and metabolic dysfunction. PPARγ, a master 
regulator of adipogenesis, is a ligand-activated transcription factor that regulates adipose 
tissue growth and development via the induction of adipogenesis, a process of adipocyte 
differentiation.  

Polyhalogenated carbazoles (PHCZs) are emerging contaminants frequently detected 
in various environmental matrices. Despite the similarity in terms of chemical structure to 
dioxin, the toxicity of PHCZs has been studied and confirmed as EDCs (Delfosse et al., 
2015). However, the roles of these chemicals as novel obesogens have not yet been 
investigated. Accordingly, human adipose-derived mesenchymal stem cells (AD-MSCs) were 
used as a study model to investigate the adipogenic effect of PHCZs and its mechanism of 
action. 
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Methodology: 

Cell line and cell culture 

 Adipose derived mesenchymal stem cell (ATCC® SCRC-4000™) was obtained from 

American Type Culture Collection (ATCC). 

Lipid staining  

 To assess the effect of PHCZs on adipocyte differentiation in AD-MSCs. Cells were 

treated with differentiation cocktails containing DMSO as a vehicle control, rosiglitazone:  
a positive control, 3,6-dibromocarbazole (3,6-BCZ), 3,6-dichlorocarbazole (3,6-CCZ), and  
3-bromo-9-phenylcarbazole (3-B-9-PCZ) at concentrations ranging from 0.05 to 15 µM for 

16 days. To further investigate the roles of these chemicals in adipogenesis promotion 

through the PPARγ signaling pathway, the test compounds were co-treated with GW9662 

during the whole differentiation process. After incubation period, cells were fixed with 3.7% 

paraformaldehyde then stained with DAPI (nuclei) and BODIPY (lipid droplet). 

Gene expression assay 

 The total RNA of PHCZs-treated AD-MSCs was extracted and converted into cDNA. 

The expression of genes relevant to PPARγ and adipogenesis was assessed using RT-qPCR. 

 

Results and discussion: 

PHCZ-induced adipogenic effect in AD-MSCs  

As expected, AD-MSCs treated with rosiglitazone, a potent PPARγ agonist had  
a significant increase in lipid accumulation in a concentration-dependent manner, indicating 

that the experimental model used in the present study was valid. Likewise, 3-B-9-PCZ,  
3,6-BCZ and 3,6-CCZ also exhibited lipid accumulation in a similar manner to rosiglitazone 

(Figures 2A-2D). We also observed a significant decrease in lipid accumulation of 

structurally similar chemicals: 3,6-BCZ and 3,6-CCZ likely due to a cytotoxicity as shown in 

(Figures 1B and 1C). Interestingly, PHCZs exhibited the relatively strong potential in 

promoting adipogenesis when compared to other previously reported environmental 

obesogens like bisphenol analogs and flame retardants (Sun et al., 2025) as the PHCZs at the 

lowest concentration of 0.05 μM can significantly promote adipogenesis. While other 

emerging contaminants such as bisphenol analogs exhibited the adipogenesis at 1–10 μM. 

While rosiglitazone and 3-B-9-PCZ did not elicit any significant cytotoxic effects, the two 

PHCZs: 3,6-BCZ and 3,6-CCZ notably induced cytotoxicity at a concentration range of 10 to 

15 μM. 
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Figure 1 Effect of PHCZs exposure on viability of AD-MSCs treated with rosiglitazone,  
3,6-BCZ, 3,6-CCZ, and 3-B-9-PCZ. 
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Figure 2 Effect of PHCZs exposure on adipogenesis of AD-MSCs treated with rosiglitazone, 

3,6-BCZ, 3,6-CCZ, and 3-B-9-PCZ. 

  

Effects of pharmacologic inhibition on PPARγ-dependent adipogenesis in AD-MSCs. 

 The results demonstrated that AD-MSCs exhibited a notable increase in lipid 

accumulation in groups treated with 3,6-BCZ, 3,6-CCZ, and 3-B-9-PCZ. As expected,  
the treatment of the PPARγ selective inhibitor GW9662 decreased PHCZ-induced adipogenic 

effects, indicating that PHCZs induce adipogenesis through activation of PPARγ (Figure 3). 

0

1

2

3

4

5

2.28

3.66

1.49

2.51

1.85

3.58

1.13

2.55

1.12

2.60

0.88

1.66

1.00

R
el

at
iv

e 
li

p
id

 a
cc

u
m

u
la

ti
on

(N
or

m
al

iz
ed

 t
o 

D
A

P
I)

**

**

##

## ##

***

*

##

***

**

##

***

*** ****

##

Control + - - - - -- - - - - --

3,6-BCZ + + ++ ++ - - - - - - - --

3,6-CCZ - - - - -- - - - + + ++ ++

3-B-9-PCZ + + ++ ++- - - - - - - - -

GW + + + + + +- - - - - - -

 
Figure 3 Effect of PPARγ signaling selective inhibitor on PHCZ-induced adipogenesis in 

AD-MSCs. Cells were treated with various concentrations of treatment, including 0.2% v/v 

DMSO as a vehicle control, 1-2.5 µM 3,6-BCZ, 2.5-5 µM 3,6-CCZ, and 10-15 µM 3-B-9-PCZ, in the 

presence and absence of GW9662.  

 

Expression of adipogenic-mediated gene expression 

 At the transcription level, PHCZs showed a significant alteration in the expression of 
adipogenic and PPARG-mediated genes. The rosiglitazone treatment, as a positive control, 
notably increased the expression of genes associated with fatty acid oxidation (MCAD), fatty 
acid transport (LPL and ACSL1), cholesterol metabolism (LXRA), lipogenesis (SCD1 and 
FASN), and adipocyte differentiation (FABP4, ADIPOQ, CAP, PLIN4, PPARA and PPARG). 
While GW9662 co-treatment showed a notable reduction in the aforementioned gene 
expression. As expected, 3,6-BCZ, 3,6-CCZ, and 3-B-9-PCZ also elevated in gene expression 
of adipocytes treated with only PHCZs, which were significantly mitigated by the treatment 
with GW9662. (Figure 4). 
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Figure 4 Heatmap displaying the expression of genes related to adipocyte differentiation, 

lipogenesis, cholesterol metabolism, fatty acid transport, and fatty acid oxidation in AD-

MSCs treated with rosiglitazone, 3,6-BCZ, 3,6-CCZ, and 3-B-9-PCZ with and without 

GW9662. 
 

 

Conclusion: 

Collectively, PHCZs: 3,6-BCZ, 3,6-CCZ, and 3-B-9-PCZ exhibit the adipogenesis in 

AD-MSCs through the activation of PPARγ signaling pathway.  

 

References: 

1. Delfosse, V., Maire, A. l., Balaguer, P., and Bourguet, W. (2015). A structural 

perspective on nuclear receptors as targets of environmental compounds. Acta 

Pharmacologica Sinica, 36(1), 88-101. doi:10.1038/aps.2014.133 

2.  Sun, Z., Zhang, S., Liang, J., Li, C., Yang, X., Liu, Q. S., Zhou, Q., Shi, J., Zhao, B., and 

Jiang, G. (2025). Effects of multiple novel bisphenol S analogs on adipogenesis in 3T3-

L1 cells. Journal of Hazardous Materials, 489, 137689. 

doi:10.1016/j.jhazmat.2025.137689 

 

 

Cholesterol

metabolism

1.0 4.2 0.7 2.0 2.4 0.7 1.5 2.0 1.3 1.9 1.4 0.6

1.0 2.5 1.2 1.6 1.9 1.3 1.4 1.6 1.6 1.6 1.4 1.5

1.0 13.9 3.5 2.4 3.3 2.2 2.5 3.5 2.5 2.2 2.1 0.6

1.0 7.4 0.8 2.3 2.8 0.8 2.3 3.0 1.1 1.9 1.4 0.3

1.0 21.3 2.4 2.4 3.5 1.0 2.0 3.3 1.3 2.0 1.9 0.3

1.0 25.0 4.6 2.0 2.7 1.7 1.8 3.2 1.7 2.3 1.6 0.4

1.0 10.4 1.6 2.2 3.2 1.0 2.4 3.4 2.3 2.3 2.2 0.5

1.0 0.5 0.7 1.4 1.2 1.4 1.0 1.1 0.9 1.2 1.0 1.0

1.0 4.7 2.0 1.8 2.5 1.1 2.2 2.4 2.6 1.9 1.9 1.2

1.0 10.6 1.9 2.5 3.1 1.1 2.3 3.3 1.8 2.2 2.1 0.5

1.0 15.8 2.7 1.7 2.1 1.2 1.8 2.1 1.8 1.6 1.6 0.5

1.0 0.7 1.0 1.1 1.3 1.5 1.1 1.1 1.9 1.0 1.0 1.7

1.0 18.2 3.5 2.0 2.7 1.8 2.5 3.2 3.0 1.7 1.6 1.8

1.0 6.6 1.5 2.0 2.6 0.9 2.1 2.7 1.8 1.9 1.9 0.9

1.0 10.6 1.8 1.9 1.5 1.0 1.2 1.4 1.3 1.3 1.3 1.4

DMSO 1 1 1 2.5 2.5 2.5 5 5 10 15 15 

PPARG

PPARA

PLIN4

CAP

ADIPOQ

FABP4

SCD1

SCD5

FADS2

FASN

LXRA

CYP27A1

LPL

ACSL1

MCAD

>50

Fold change

Adipocyte

differentiation

Lipogenesis

Fatty acid

transport

Fatty acid

oxidation

(M)

ROSI  3,6-BCZ 3,6-CCZ 3-B-9-PCZ

+GW +GW +GW +GW

#

* * * * * *

* * * * *

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

* *

*

*

*

*

*

*

* * *

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

* *

*

*

*

*

*

* * *

* *

* * *

*

* * *

*

*

*

*

*

*

*

* *

*

*

*

* *

*

*

*

*

* * * * *

#

#

#

#

#

# #

#

#

#

#

#

#

# # #

#

#

# #

# #

#

##

#

#

#

#

#

1 2 3 4 5



5 

 

 

ASSESSMENT OF CYTOTOXICITY INDUCED  

BY NON-PSYCHOTROPIC CANNABINOID COMPOUND  

ON CHOLINOCEPTOR MODULATION  

IN CHOLANGIOCARCINOMA CELLS 

Phetdalyvone Khounnorath1, Jantamas Kanitwithayanun2,3,4, Nedsai Uddin Babar3, 

Noppawan Rittapai3, and Jutamaad Satayavivad2,3,4  

1Applied Biological Sciences: Environmental Health program, Chulabhorn Graduate Institute,  

Bangkok, Thailand 
2Environmental Toxicology program, Chulabhorn Graduate Institute, Bangkok, Thailand  

3Laboratory of Pharmacology, Chulabhorn Research Institute, Bangkok, Thailand 
4Center of Excellence Environmental Health and Toxicology (EHT), OPS, MHESI, Thailand  

 

Abstract: 

Cholangiocarcinoma (CCA) is a bile duct cancer with poor prognosis.  

Both cannabinoid receptors (CBs) and acetylcholine receptors (AChRs) are expressed in 

CCA cells. HU-308, a selective CB2 agonist, is a non-psychotropic synthetic cannabinoid 

with anti-inflammatory, analgesic, anti-hypertension properties. However, its cellular toxicity 

in cancer remains poorly understood. While cannabinoid-cholinergic interactions affect 

memory, little is known about CBs mediated growth inhibition in cancer cells. This study 

investigated in vitro cytotoxicity of HU-308 in CCA cells, focusing on its molecular 

mechanisms and the modulation of cholinoceptors including M3-mAChR and α7-nAChR. 

Method: KKU-100, a human CCA cell line, was treated with HU-308 for 24 h. The effects 

on cell viability, cholinoceptors expression and apoptosis level were evaluated by MTT 

viability assay, Western immunoblotting, and flow cytometry, respectively.  

The results: HU-308 (50-200 µM) showed a reduction in cell viability which was 

mitigated by pre- and co-treatment with a selective CB2 antagonist (AM630 10 nM), 

confirming CB2 involvement. Apoptotic cells were significantly increased after HU-308 

treatment compared to control group. Moreover, the intrinsic pro-apoptotic Bax protein has a 

trend towards increasing, while anti-apoptotic Bcl2 protein was decreased by HU-308 

treatment. Additionally, α7-nAChR protein expression was reduced, but M3-mAChR did not 

show any reduction.  

In conclusion: HU-308, a selective CB2 agonist, exerted cytotoxic effects in KKU-

100 cells through activation of the intrinsic apoptotic pathway and downregulation of α7-

nAChR which may, at least in part, offer a potential effective on anticancer effects in CCA 

cells.  

 

Keywords: Cannabinoid receptor subtype 2 (CB2), cytotoxicity, cholangiocarcinoma, 

apoptosis, cholinoceptor.          
 

Introduction: 

 Cannabinoids are active compounds original discovered in Cannabis sativa L., 

commonly as marijuana. These compounds primarily interact cannabinoid receptor type 1 (CB1), 

located mainly in central nervous system; and cannabinoid receptor type 2 (CB2), found 

predominantly in immune cells and peripheral tissues (1). CB2 represents a promising 

therapeutic target due to its anti-cancer properties without psychoactive side effects. HU-308 

is a synthetic selective CB2 agonist, has demonstrated anti-inflammatory, anti-hypertensive, 

anti-osteoporotic, and analgesic activities (2). Crucially, HU-308 exhibits anti-cancer 
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mechanism by inhibiting forskolin-stimulated cAMP production in CB2-transfected cells, 

where cAMP inhibition triggers death pathways that induce cytotoxic effects and inhibit 

cancer cell growth. This evidence suggests that selective CB2 agonist like HU-308 could 

serve as effective cancer therapeutics while avoiding psychotropic effects associated with 

CB1 activation.  

Cholangiocarcinoma (CCA) is a cancer arising from bile ducts epithelial cells that 

frequently invade blood vessels and metastasis to other parts of the body. Consequently, 

patients are typically diagnosed at advanced stages, limiting treatment options resulting in 

high fatality rates. Currently, several studies have demonstrated an increase in CB1 and CB2 

expressions in various human malignancies including CCA. Increase expression of these 

receptors is associated with increased disease progression. However, little is known about  
the role of CBs in CCA cells. Previous study reported that THC and cannabinol could trigger 

apoptosis in human CCA cell line (HuCCT1, from intrahepatic bile ducts) by suppressing  
the AKT and MAPK signaling pathway, contribute to reduced cell proliferation. 

Cholinergic neuron is a specific neuronal cell that produces acetylcholine (ACh).  
It has been reported that cholinoceptors including M3-mAChR and α7-nAChR were found 

highly expressed in CCA (3, 4). α7-nAChR and M3-mAChR expressions play a crucial role 

in cancer-related characteristic, including promoting proliferation, inhibiting apoptosis and 

enhancing metastasis (5). However, the specific function of CBs in suppressing tumor growth 

in CCA cells, along with their interactions with cholinergic components, remains poorly 

understood. Therefore, this study focuses on evaluating the in vitro cytotoxicity of HU-308,  
a non-psychotropic cannabinoid compound and selective CB2 agonist, on KKU-100 cells 

growth and the possible mechanisms underlying their effects as well as the modulation of 

cholinoceptors including M3-mAChR and α7-nAChR were also investigated.  

                                                                                                                                                                                                                                                                                                                                                                                                   

Methodology: 

Cell culture  

 CCA cell line derived from Thai CCA patient as KKU-100 was cultured  
in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10% fetal bovine serum 

(FBS), 1%L-Glutamine, 1% antibiotics (100 U/mL of penicillin and 100 µg/mL of 

streptomycin) and maintained under a humidified atmosphere containing 5% CO2 at 37°C in 

an incubator.  

Cell viability assay 

KKU-100 cells were seeded in 96-well plate at a density of 10,000 cells per well. 

After 24 h, cells were treated with HU-308 at concentrations 1, 10, 25, 50, 100, and 200 μM 

or medium as control for 24 h. For antagonist treatment, KKU-100 cells were pre-treated with 

10 nM AM630, a CB2 antagonist, for 30 min before being co-treated with HU-308 (50, 100, 

and 200 μM) for 24 h. At the end of incubation time, MTT solution was added, then 

incubated for 4 h. Thereafter, the absorbance was measured at 570 nm using a microplate 

reader.  

Protein preparation and Western blotting 

The collected cells were lysed with lysis buffer, then sonicated and centrifuged at 
14,000 rpm for 20 min at 4°C and the supernatant was collected. Protein concentrations were 
determined using Bradford reagent. Protein sample (30 μg) was electrophoresed onto a 7.5 or 
10% SDS-polyacrylamide gel. Then, the separated protein bands were transferred onto  
a nitrocellulose membrane. After that, the membrane was blocked with 5% skim milk in 
TBST buffer for 1 h at RT, followed by overnight incubation with the specific primary 
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antibodies: Bax, Bcl2, PARP-1, M3-mAChR, and α7-nAChR. The proteins bands were 
visualized by using enhanced chemiluminescence (ECL) and quantified using the ChemiDoc 
Imaging Machine with the ChemiDoc system, Bio-rad. The signal of each immunoblot 
sample was normalized with β-actin.  

Cell apoptosis assay 

 To determine the apoptotic effect of HU-308 on KKU-100 cells, cells were seeded in 
6-well plate with a density of 6 ×105 cells per well. Thereafter, the cells were treated with 
various concentrations of HU-308 (10, 25, 50, and 100 μM) for 24 h. At the end of the 
experiment, cells were harvested and stained with Annexin V conjugated with fluorescein 
isothiocyanate (FITC) and propidium iodine (PI) for 15 min. Apoptotic cells were analyzed 
by flow cytometry, and the percentages of healthy, early apoptotic, late apoptotic and necrotic 
populations were quantified with the FlowJo v10 software.   

Statistical analysis 

All results are expressed as mean ± standard errors (SEM). Unless otherwise 
specified, statistical analysis for multiple comparisons was performed using one-way analysis 
of variance (ANOVA). A p-value<0.05 was considered statistically significant. Calculation 
of inhibitory concentration at 50% (IC50) and all statistical analyses were performed using 
GraphPad Prism 8.  
 
Results and discussion: 

MTT assay results revealed that treatment with 50, 100, and 200 μM HU-308 for 24 h 
significantly inhibited KKU-100 cell growth in concentrations-dependent manner (50 μM, 
1.29-fold; 100 μM 1.90-fold and 200 μM, 3.83-fold) compared to control. The reduction of 
KKU-100 cell viability following HU-308 treatment (50, 100, and 200 μM) was reversed by 
pre- and co-treatment with AM630, a selective CB2 antagonist, at 10 nM. The IC50 of  
HU-308 treatment alone was 155 μM. Notably, when HU-308 was combined with 10 nM 
AM630, the IC50 value shifted to 177 μM. These results suggested that the growth inhibitory 
effect of HU-308 on KKU-100 cells may, at least in part, involved CB2 receptor activation. 

Next experiment was performed whether the reduction of cell viability was associated 
with cell apoptosis by using flow cytometry analysis. The result found a concentration-
response increase in total apoptotic cells (both early and late) following 24 h treatment with 
HU-308 at 10, 25, 50 and 100 μM. The percentage of early apoptotic cells increased 
significantly by 1.89-, 2.29-, 3.19-, and 6.24-fold respectively, compared to the control. 
Similarly, the percentage of late apoptotic cells was significantly elevated by 1.05-, 1.36-, 
1.59-, and 1.99-fold, respectively. These findings indicated that the mechanism by which 
HU-308 inhibits KKU-100 cell growth involved the induction of cell apoptosis.  

To further investigate the mechanisms underlying HU-308-induced apoptosis, protein 
expression levels were analyzed. The result showed an upregulation of Bax, a key pro-
apoptotic protein and cleaved PARP-1, indicate as marker of apoptosis. Conversely,  
the expression of Bcl2, an anti-apoptotic protein and cell survival marker, was significantly 
downregulated. Additionally, the Bax/Bcl2 ratio was significantly increased with 
concentration-dependent manner. These results indicate that HU-308 induced KKU-100 cell 
death may be associated with intrinsic apoptotic signaling pathways. Regarding  
the cholinergic receptor expression, the α7-nAChR showed significantly decreased with  
HU-308 at 50 μM for 24 h, while no significant reduction was observed in M3-mAChR.  
This result suggested that HU308 induced growth inhibitory effect in KKU100 cells may be 
mediated, at least in part, through the downregulation of α7-nAChR.  
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Conclusion:  

  These findings demonstrate that activation of CB2 by HU-308, a selective CB2 

agonist, induces cytotoxic effects in KKU-100 cells through activation of the intrinsic 

apoptotic pathway. Additionally, HU-308 significantly downregulated α7-nAChR expression, 

a receptor known to play a role in cancer progression. Together, these results suggest that 

HU-308 may exert its effects via mechanisms involving both enhanced apoptosis and reduced 

expression of the cholinoceptor α7-nAChR in KKU-100 cells.  
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Abstract: 

Climate change and environmental sustainability have become urgent global concerns, 

primarily driven by human activities such as energy consumption and industrial expansion, 

which are the main contributors to greenhouse gas (GHG) emissions. This study aims to 

analyze and compare the carbon footprint of crispy snack products produced as baked and 

fried processes using the Life Cycle Assessment (LCA) approach within a cradle-to-gate 

system boundary. The assessment was conducted using data from a snack manufacturing 

facility located in Nakhon Pathom Province, Thailand. The functional unit was set at  
13 grams per snack package. GHG emissions were calculated in terms of carbon dioxide 

equivalent (CO₂e) across all production stages, from raw material acquisition to the final 

product. The results show that the fried snack products generate significantly higher GHG 

emissions compared to the baked products. This is mainly due to the use of wheat flour and 

tapioca starch, along with coal as the primary energy source in the production process.  
The baking process, on the other hand, demonstrated greater energy efficiency and lower 

emissions. These findings provide valuable insights for the development of policies and 

strategies aimed at reducing the environmental impacts of the food industry in Thailand, 

promoting sustainable production, and enhancing international trade competitiveness. 

 

Keyword: Life cycle assessment, greenhouse gases, global warming potential, allocation 

 

Introduction: 

Climate change and environmental sustainability have become pressing global 

concerns in the contemporary era, largely due to increasing pollution in various forms air, 

water, waste disposal, and transportation. Human activities, particularly energy consumption 

and industrial expansion, have significantly contributed to increase greenhouse gas (GHG) 

emissions, which in turn disrupt ecosystems and accelerate global warming. Climate change 

is widely recognized as one of the greatest challenges of the twenty-first century. According 

to the Sixth Assessment Report (AR6) of the Intergovernmental Panel on Climate Change 

(IPCC), human activities are the primary cause of the increase in GHG emissions, resulting in 

a rise of more than 1.1°C in global average temperature compared to pre-industrial levels. 

This figure is projected to reach 1.5°C within the next two decades if no decisive mitigation 

measures are undertaken [1]. The consequences include more frequent and severe extreme 

weather events, greater risks to the global economy, social systems, and food security. 

In response to this crisis, the global community has sought cooperative solutions 

through international agreements. The Paris Agreement, adopted at COP21, established  
the target of keeping the increase in global temperature well below 2 °C and pursuing efforts 

to limit it to 1.5 °C. More recently, COP26, held in Glasgow in 2021, reaffirmed the urgency 

of reducing fossil usage, expanding renewable energy, and supporting developing nations in 

adapting to and mitigating climate impacts. Many countries, including Thailand, have 



10 

 

 

announced long-term commitments to achieve carbon neutrality by 2050 and net-zero GHG 

emissions by 2065. Meanwhile, trade-related measures have emerged as influential drivers of 

change. The European Union’s Carbon Border Adjustment Mechanism (CBAM), currently 

applies to several industries and is expected to expand to agricultural and food products in  
the future. This development has prompted agri-food industries worldwide to accelerate 

efforts in reducing GHG emissions across supply chains to safeguard their competitiveness in 

international markets. At the same time, consumers in developed nations increasingly demand 

safe, high-quality food produced with minimal environmental impact. 

A key instrument in assessing environmental performance is the measurement of  
a product’s carbon footprint, which refers to the total GHG emissions generated throughout 

its life cycle. Life Cycle Assessment (LCA), standardized under ISO 14040 and 14044,  
is a widely accepted methodology for evaluating the Carbon Footprint of Products (CFP).  
It encompasses the entire process, from raw material acquisition, transportation, and 

production to energy use and waste management. LCA provides insights into the main 

sources of emissions and identifies opportunities for improvement, such as adopting clean 

energy, modernizing production technologies, or sourcing sustainable raw materials.  
The adoption of carbon footprint measurement not only enhances transparency and 

accountability but also strengthens the credibility of businesses. Environmentally responsible 

enterprises often referred to as “green businesses” tend to gain advantages in international 

trade, as reducing emissions has become a decisive factor influencing both business strategies 

and consumer preferences. Beyond compliance, carbon footprint analysis serves as an 

essential tool for innovation, product development, and sustainable marketing[3]. 

The food industry, broadly defined as the sector that transforms agricultural products, 

including crops, livestock, and fisheries into food through processing and preservation 

technologies, plays a central role in producing safe, reliable, and convenient food on a large 

scale. Within this sector, the snack industry is particularly resource- and energy-intensive. 

Crispy snack production, for instance, can rely on frying or baking methods, which differ 

substantially in terms of energy use and GHG emissions. A comparison of the carbon 

footprints associated with these two processes therefore provides critical insights into their 

respective environmental impacts, offering guidance for producers seeking more sustainable 

manufacturing methods. 

This study aims to analyze the carbon footprint of crispy snack products both baked 

and fried processes as a means of enhancing environmental performance. Despite  
the increasing significance of carbon footprint assessment, research applying the LCA 

methodology to snack products in Thailand remains scarce. To address this gap, the present 

study focuses on a case of a snack production facility located in Nakhon Pathom Province. 

The assessment applies the cradle-to-gate system boundary, covering all processes from raw 

material acquisition to the final production stage. Greenhouse gas emissions are quantified in 

terms of carbon dioxide equivalent (CO₂e). The analysis is intended to identify major 

emission sources and propose strategies for reducing environmental impacts. The findings are 

expected to provide valuable guidance for formulating policies and strategies to reduce 

environmental burdens in both existing and future food production facilities, not only in 

Nakhon Pathom but also across Thailand. 
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Methodology: 

This study is analytical research. To assess the environmental impacts and product 

carbon footprint of crispy snack production based on life cycle assessment (LCA) principles. 

 

Life Cycle Assessment 

 This research study was conducted using 

guidelines from the ISO 14040, 14044 standard series for 

Product Life Cycle Assessment (LCA)[4], which is a tool 

for analyzing and evaluating environmental impacts. The 

steps involved are: 1) setting goals and scope, 2) 

environmental inventory analysis, 3) environmental 

impact assessment, 4) carbon footprint assessment of the 

product, and 5) Interpretation. 

 

To study the use of resources, energy, and waste 

and determine the functional units of the product and 

specification of functional units. The assessment result of 

greenhouse gas emissions must be in the form of CO2eq 

unit of operation. Scope in this study consider as "Cradle 

to Gate" study focuses solely on the process from raw 

material acquistion to the finished product. This includes 

sub-processes such as incoming raw material, production 

process, packaging material, electricity and thermal 

power generation systems, water systems, and waste 

management and functional Unit (FU) 13 grams of 

crispy snack product (1 packet) According to Figure 1.  

Within the factory, Allocation methods are 

required when two or more products or co-products share 

the same production processes. For this study was 

estimated on the basic of mass allocation. 

Environmental impact assessment, Life cycle inventory (LCI) results in this study are 

classified into only global warming potential (GWP). Total GHG emission expressed as 

kgCO2e were determined as CF = Σ (Activity datai x Efi) where: Activity datai = life cycle 

value of i, unit and EFi = emission factor of i, kgCO2e/unit which used Thailand National 

Guidance on Carbon Footprint Calculation for Products[2]. 

  

Results and Discussion: 

Carbon footprint of Baked crispy snack production  

The production process of baked snack products involves several sequential stages, 

including raw material reception, dough preparation through the mixing of flour with water, 

extrusion, cutting, drying using liquefied petroleum gas (LPG), seasoning, and packaging. 

For the life cycle inventory (LCI), both primary and secondary data were employed. Primary 

data were collected through on-site measurements; however, their direct application is 

constrained by several limitations. Firstly, the data are not product-specific, as the factory 

manufactures multiple product types using shared resources and utility systems, making it 

difficult to allocate resource consumption to an individual product. Secondly, precise 

Figure 1 The cradle-to-gate system 

boundary boundaries of Baked and 

fried crispy snack 

 

Baked crispy snack Production 

Fried crispy snack Production 



12 

 

 

measurements of raw material inputs and product outputs are required to establish reliable 

mass balances, which are not consistently available. Thirdly, verification of the mass balance 

is essential to ensure data completeness and accuracy. Lastly, pollutant emission data are 

generally reported in aggregated form across water, electricity, and waste streams, without 

differentiation by production stage, thereby hindering the identification of specific processes 

that contribute most significantly to environmental impacts. The proportions in the production 

process between baked and fried crispy snacks are 7.59% and 31.16%, respectively. 

The analysis of the data reveals that the raw materials acquistion the carbon emissions 

are presented in Table1. In terms of energy use during the production process, Electricity 

consumption (in process) 0.003 kg CO₂-eq/kWh, Natural gas consumption (LPG gas) 0.010 

kg CO₂-eq/t.  The analysis revealed that the raw materials contributing most significantly to 

greenhouse gas emissions are wheat flour, corn starch, and palm oil, whereas salt and sugar 

exhibit relatively low environmental impacts. In the production process, electricity and 

liquefied petroleum gas (LPG) are the primary sources of carbon emissions. Although their 

individual emission factors (EFs) are not particularly high, the total emissions become 

substantial due to the large quantities consumed. These factors collectively contribute to  
a significant carbon footprint of the final product. 

Carbon footprint of fried crispy snack production  

 The production process of fried snack products comprises raw material incoming, 

dough preparation through mixing flour with solution water, crude rice production, Frying, 

mixing seasoning, and packaging. The analysis of the data reveals that the raw materials 

acquistion the carbon emissions are presented in Table 1 

In terms of energy use during the production process, Electricity consumption  
(in process) 0.046 kg CO₂-eq/kWh, Fuel consumption 0.205 kg CO₂-eq/t.  These results 

indicate that the carbon footprint of the fried snack product is primarily influenced by both 

high-impact raw materials and energy-intensive processing stages. Among the raw materials, 

cassava starch and wheat flour contribute the highest greenhouse gas emissions, attributable 

to the upstream agricultural practices and processing operations required for their production. 

Palm oil also presents a considerable impact due to the environmental burden associated with 

its cultivation. Conversely, ingredients such as salt, sugar, and seasoning contribute 

minimally to overall emissions due to their low emission factors and relatively small 

quantities used in the formulation. 

 

Table 1 Carbon emission of baked and fried crispy snack production 

Baked production carbon emissions 

kg CO₂-eq/t-product 

Fried production carbon emissions 

kg CO₂-eq/t-product 

Wheat flour 0.035, Wheat flour 0.743 

Corn flour 0.030 Cassava starch 0.979 

Salt 2.98E-06 Salt  2.44E-05 

sugar 0.004 sugar  0.027 

Plam oil 0.032 Plam oil  0.154 

Seasoning 0.009 Seasoning  0.005 
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Conclusion:   

The comparative assessment of the carbon footprint between baked and fried crispy 

snack products highlights significant differences in their environmental impacts, primarily 

resulting from raw material acquisition and production processes. The production of fried 

snacks generates substantially higher greenhouse gas emissions, particularly due to the use of 

high-impact ingredients such as cassava starch and wheat flour, as well as the use of fuel as  
a primary energy source during processing. In contrast, baked snacks demonstrate a lower 

carbon footprint per unit, attributed to the use of raw materials with lower emission factors 

(EFs) and reduced energy consumption, such as the use of LPG gas for drying and lower 

electricity usage.However, data limitations, especially in the production of baked snacks, 

need to be addressed through accurate mass balance tracking, appropriate allocation of shared 

resources, and process-specific pollutant reporting to enhance the reliability of the Life Cycle 

Assessment (LCA) results. Overall, the study underscores the potential for reducing 

environmental impacts in the snack food industry through product reformulation, enhanced 

process efficiency, and systematic energy optimization, which collectively represent 

promising strategies for lowering the carbon footprint of food manufacturing. 
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Abstract: 

 We previously reported that prolonged arsenic exposure results in impairment of 

insulin signaling, decreases insulin biosynthesis and secretion in neurons. The insulin 

receptor (IR) can move to the nucleus and influence gene expression; we hypothesized that 

arsenic might alter insulin-mediated gene expression in neurons. Here, we examined the basal 

expression of insulin-mediated genes and their corresponding proteins, namely SCYL3, 

CDK8, and DEP-1/ PTPRJ, in human neuroblastoma SH-SY5Y cells that have been 

differentiated and treated with NaAsO2 using qRT-PCR and immunoblotting. The findings 

indicated that the mRNA and protein levels of SCYL3 and CDK8 were significantly 

decreased in cells treated with NaAsO2 for 1, 3, and 5 days. Meanwhile, DEP-1/ PTPRJ 

mRNA levels were significantly reduced at every time point measured; however, the protein 

levels were decreased significantly only after 3 and 5 days of arsenic treatment. Furthermore, 

NaAsO2 reduced the expression of HCF-1, an IR transcriptional co-regulator, suggesting that 

alterations in HCF-1 levels could play a role in the downregulation of insulin-mediated genes. 

The results from the present study indicate that arsenic disrupts the basal expression of 

insulin-mediated genes and their corresponding proteins in neuronal cells, at least in part by 

modulating the transcriptional co-regulator HCF-1. 

 

Keywords: Arsenic, Insulin signaling, Insulin-mediated gene expression, Neurons 

 

Introduction: 

Chronic arsenic exposure is currently a global health concern due to its widespread 

presence and harmful effects (1). Our previous studies demonstrated that prolonged arsenic 

exposure impairs insulin signaling and decreases insulin biosynthesis in neurons (2, 3).  

The insulin receptor (IR) has been shown to translocate to the nucleus, which plays a role in 

regulating gene expression (4). Notably, IR interacts with different target genes depending on 

the cell type and physiological context, such as SCYL3 in neurons, CDK8 in hepatocytes (4), 

and DEP-1/ PTPRJ, a protein tyrosine phosphatase, which negatively regulates IR signaling 

in peripheral tissues (5). Based on these findings, we hypothesize that arsenic may impair 

neuronal insulin signaling by disrupting nuclear IR functions and altering insulin-mediated 

gene expression. 

 

Methodology: 

Cell culture and treatment: Human neuroblastoma SH-SY5Y cells were cultured in  

a mixture of Ham's F12 and Minimum Essential Medium (MEM) at a 1:1 ratio, supplemented 

with 10 % FBS, 100 U/mL penicillin, 100 U/mL streptomycin, and 2 mM L-glutamine.  

To induce the differentiation of SH-SY5Y cells, the culture medium was switched to the 

differentiation medium consisting of 1% FBS and 10 µM retinoic acid. The cells were 
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maintained in differentiation medium for 3 days prior to treatment. Differentiated SH-SY5Y 

cells were subsequently treated with 1, 5, and 10 µM NaAsO2 for the indicated time.  

qRT-PCR: At the end of treatment, RNA was extracted using an RNA extraction kit.  

The qRT-PCR was conducted, and the relative mRNA level was determined using  

the 2-ΔΔCt method using β-actin as a reference gene. 

Immunoblotting: At the end of treatment, whole cell lysates were prepared. The samples 

were separated using SDS-PAGE and subsequently transferred onto a nitrocellulose 

membrane. The membrane was blocked with 5% skim milk. Following this, the membrane 

was incubated with a primary antibody. Thereafter, the membrane was incubated with an 

appropriate secondary antibody. Protein bands were visualized using ECL and captured with 

the Chemidoc™ Touch Imaging System along with Image Lab™ Software (Bio-Rad, USA). 

 

Results and Discussion: 

Arsenic effects on basal transcription levels of insulin-mediated genes  

We examined the effect of arsenic on the basal transcription levels of insulin-

mediated genes in differentiated SH-SY5Y cells treated with 5 µM NaAsO2 for 1, 3, or 5 

days. The transcription levels of these insulin-mediated genes, namely SCYL3, CDK8, and 

DEP-1/ PTPRJ, were measured by qRT-PCR. Across all time points, NaAsO2 treatment 

significantly downregulated the expression of these genes (Fig. 1A-C). These findings 

indicate that arsenic exposure reduces the basal expression of insulin-mediated genes. Given 

that arsenic impairs neuronal insulin signaling (2, 3), these findings suggest that prolonged 

arsenic exposure could disrupt basal transcriptional regulation of insulin-mediated genes in 

neurons. 

 

 
Figure 1 Arsenic alters basal mRNA levels of insulin-mediated genes in differentiated 

 SH-SY5Y cells 

 

Differentiated SH-SY5Y cells were treated with 5 µM NaAsO₂ for 1, 3, or 5 days. 

The relative mRNA expression levels of SCYL3 (A), CDK8 (B), and DEP-1/ PTPRJ (C) were 

analyzed by qRT-PCR, and expression levels were calculated using the 2–ΔΔCt method and 

normalized to β-actin. 
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Arsenic effects on basal levels of proteins derived from insulin-mediated genes  

To further investigate the effect of arsenic on basal levels of proteins that their 

expression is mediated by insulin, we examined protein levels in differentiated SH-SY5Y 

cells following arsenic treatment using immunoblotting. The results showed that SCYL3 and 

CDK8 levels were significantly decreased following NaAsO2 treatment at all time points 

(Figure 2A, 2B). Although DEP-1/ PTPRJ mRNA expression was reduced at all time points,  

a significant reduction in DEP-1/ PTPRJ protein levels was only observed after 3 and 5 days 

of arsenic treatment, suggesting possible post-transcriptional or translational regulation 

(Figure 2A, 2B). These findings indicate that arsenic reduces the protein levels of SCYL3, CDK8, 

and DEP-1/PTPRJ which are derived from the insulin-mediated genes (Figure 2A, 2B).  

 

 

Figure 2 Arsenic alters the basal levels of proteins derived from insulin-mediated genes in 

differentiated SH-SY5Y cells 

(A) Representative SCYL3, CDK8, DEP-1/PTPRJ, and β-Actin immunoblots are shown.  

(B) The quantitative levels of SCYL3, CDK8, and DEP-1/PTPRJ in cell lysates from cells 

treated with 5 μM NaAsO2 for 1, 3, and 5 days are calculated as a percentage of the control.  

 

Arsenic effects on the level of IR transcriptional coregulator, Host Cell Factor-1 (HCF-1) 

We next investigated whether arsenic affected the levels of HCF-1 in differentiated.  

SH-SY5Y cells. The level of HCF-1 was measured in whole cell lysate of cells treated with 1, 5, or 

10 µM NaAsO₂ for 3 days, or with 5 µM NaAsO₂ for 1, 3, or 5 days by immunoblotting.  

The results revealed a significant reduction in HCF-1 following treatment with 5 µM NaAsO₂ 

for 3 or 5 days (Fig. 3A, 3B). Interestingly, treatment with 1 µM NaAsO₂ for 3 days 

significantly increased HCF-1 level (Fig. 3C, 3D), whereas treatment with 5 or 10 µM 

NaAsO₂ for 3 days significantly reduced it (Fig. 3C, 3D). These findings suggest that arsenic 

may modulate insulin-mediated gene expression by altering HCF-1 levels under basal 

conditions. 
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Figure 3 Arsenic decreases HCF-1 levels in differentiated SH-SY5Y cells 

Representative immunoblots of HCF-1 (A, C) are shown. The quantitative levels of HCF-1 in 

cell lysates from cells treated with 5 μM NaAsO₂ for 1, 3, and 5 days (B), and 1, 5, and 10 

µM NaAsO₂ for 3 days (D) are calculated as a percentage of the control.  

 

Conclusion: 

Taken together, this study demonstrates that arsenic may reduce the basal expression 

of insulin-mediated genes, SCYL3, CDK8, and DEP-1/ PTPRJ, along with their 

corresponding protein levels in neuronal cells, by modulating the transcriptional co-regulator 

HCF-1. 
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Abstract: 

Ambient microplastics (MPs), particularly from traffic emissions, are increasingly 
recognized for their contribution to environmental pollution and potential health risks. 
Growing evidence suggests that maternal exposure to harmful agents during pregnancy can 
adversely impact fetal development and increase the likelihood of childhood health problems. 
This study aimed to investigate the effects of prenatal exposure to traffic-related airborne 
MPs on maternal and fetal exposure and their implications on telomere length (TL) and 
mitochondrial DNA copy number (mtDNA-CN) in newborns. In addition, an in vitro cell-
based study was conducted to confirm the effects of MPs on alterations of TL and mtDNA-
CN in umbilical cord-derived mesenchymal stem cells (UC-MSCs).  

The study was conducted in high- and low-traffic congested areas. A total of 101 
subjects were recruited from pregnant subjects consisting 50 and 51 from high- and low-
traffic locations, respectively. Pyrolysis GC-MS/MS was used to determine the 
concentrations of MPs and characterize polymers. Maternal and fetal exposure to MPs was 
assessed in urine and placental tissue, respectively. In the high-exposed group, the 
concentrations of MPs were significantly increased in maternal urine by 1.33-fold (8.72 vs. 
6.53 mg/g creatinine, p<0.05) and in placental tissues (21.03 vs 16.14 mg/g tissue, p<0.01), 
compared to the low-traffic exposed group. Polyethylene (PE) and polyethylene terephthalate 
(PET) were predominant polymers which was in consistent with previous ambient air 
analyses from this study. Relative TL and mtDNA-CN was determined using quantitative 
real-time PCR in cord blood. A significant shortening of telomeres was observed in cord 
blood from high-exposed newborns, compared to those from low-exposed groups (1.2-fold, 
p<0.05). In addition, newborns from the high traffic-exposed group had a significantly lower 
mtDNA-CN in cord blood (1.2-fold, p < 0.05). Levels of TL and mtDNA-CN were 
significantly negatively associated with exposure to MPs. In vitro experiments confirmed that 
PE treatment caused a concentration-dependent reduction in both TL and mtDNA-CN in UC-
MSCs.  

 In conclusion, this study demonstrates that prenatal exposure to traffic-related ambient 
MPs increases maternal and fetal exposure to MPs. Furthermore, the high-traffic exposed 
group had shortened TL and reduced mtDNA-CN in cord blood. This could potentially result 
in genomic instability in newborns. Therefore, this study highlights the importance of being 
aware of in utero exposure to ambient MPs which may lead to increase the health risk of 
disease development in newborns. 
 
Keywords: Microplastics, air pollution, prenatal exposure, telomere length, mitochondrial 
DNA copy number 
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Introduction:  

        Microplastics (MPs), plastic particles smaller than 5 mm, have become a persistent 

environmental pollutant due to their durability and widespread presence across ecosystems. 

With plastic production rapidly increasing, over 170 trillion MPs are now estimated to 

contaminate the world’s oceans; a number expected to triple by 2040 without intervention (1). 

MPs are classified as primary (intentionally produced for consumer and industrial products) 

or secondary (resulting from the degradation of larger plastics) (2). Their small size enables 

them to enter the food chain, bioaccumulate, and exert toxic effects on both wildlife and 

humans. Human exposure occurs primarily through ingestion, inhalation, and skin contact, 

with airborne MPs raising particular concern for their ability to penetrate biological barriers 

and reach internal organs (3). Exposure to MPs poses potential health hazards to humans, 

including the risk of cancer, immunotoxicity, cardiovascular diseases, inflammation and 

adverse effects on pregnancy (2). Of increasing concern is prenatal exposure, as studies show 

MPs can cross the placental barrier, potentially affecting fetal development by interfering 

with DNA integrity and genomic instability (4).  

 Exposure to air pollutants has been associated with increased oxidative stress that may 

lead to telomere length (TL) shortening and decreased mitochondrial DNA copy number 

(mtDNA-CN) (5). Telomeres are repetitive, non-coding nucleotide sequences located at the 

end of chromosomes which can maintain genome integrity and chromosome stability. 

Mitochondria are multifunctional organelles that are involved in a variety of cellular 

functions, including energy metabolism, cell proliferation, and apoptosis and are required for 

maintaining nuclear genome stability. Dysfunctions of mitochondria cause telomere 

shortening, while telomere damage leads to dysfunctions of mitochondria and the 

reprogramming of mitochondrial biosynthesis. Environmental exposure may affect the TL of 

newborns, which is considered as an early biomarker indicating susceptibility to later life 

diseases (6). 

Given these risks, this study aims to evaluate prenatal MP exposure and its potential 

impact on newborns by measuring MP levels in maternal urine and assessing telomere length 

and mitochondrial DNA copy number in cord blood. In vitro studies using human stem cells 

are also employed to support and strengthen the findings, contributing to a better 

understanding of MP-related developmental toxicity and public health implications. 

 

Objectives: 

        This study aims to assess prenatal exposure to traffic-related MPs on maternal and 

fetal exposure and the impact of MPs exposure on telomere length and mitochondrial DNA in 

newborns,  

 

Methodology: 

Study locations 

This study was conducted in high- and low-traffic congested areas in Bangkok, 

Thailand. The initial criteria for selecting the study sites involve assessing traffic density.  

The high-traffic site was located in Klongsan District along Somdej Chaophraya Road, while 

the low-traffic site was located in peri-Bangkok at Buddhamontol 3 Road. 
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Sample collection 

        A total of 101 healthy pregnant women, aged between 20 and 40 years, were recruited 

during their first trimester from areas with different traffic densities. To ensure consistent in 

environmental exposure, all participants had to live in the study area for at least one year. 

Urine samples were collected from participants in both high- and low-exposure groups using 

50 mL tubes and stored at -20 °C until analysis. After the birth of a live infant, cord blood 

samples were obtained and stored at -80 ºC until further analysis. 

Part 1   Assessment of Prenatal Exposure to Microplastics and Associated Health Risks 

Determination of MPs in maternal urine samples and placental tissue 

        To analyze maternal exposure to MPs, 5 mL of maternal urine was filtered through 

dry-filter membranes (MN GF-3) with a pore size of 0.6 µm using a vacuum pump and filter 

funnel setup. The membranes were then dried at 70 °C for 4 hours. Subsequently, the filters 

were cut and placed into sample cups for analysis using Pyrolysis GC-MS/MS. 

 To assess fetal exposure to MPs, placental tissues (1 gm) were cut into small pieces 

and dried at 100ºC. The samples were grinded and analyzed using Pyrolysis GC-MS/MS. 

Determination of telomere length in cord blood 

        Genomic DNA was extracted from cord blood samples using the DNeasy 

Blood/Tissue Kit. Telomere length was determined using the monochrome multiplex 

quantitative PCR technique on the CFX-96 Touch Real-Time PCR Detection System.  

This method simultaneously amplified telomere (T) and albumin (S) gene sequences; targets 

differing in copy number and melting temperature in a single reaction. The relative telomere 

length was calculated as the ratio of T to S (T/S ratio). 

Determination of mitochondrial copy number in cord blood 

        Mitochondrial DNA copy number (mtDNA-CN) was quantified by measuring 

mitochondrial DNA levels relative to a nuclear single-copy gene; β-Globin. Genomic DNA 

was isolated from cord blood using the DNeasy Blood/Tissue Kit, and quantitative real-time 

PCR was conducted using the CFX-96 Touch Real-Time PCR Detection System. 

Part 2 In vitro study the effect of PE treatment on TL and mtDNA-CN in UC-MSCs 

Determination of cytotoxicity of polyethylene (PE) in UC-MSCs 

        UC-MSCs were used to investigate the effects of PE-induced cytotoxicity and 

genomic damage. Cytotoxicity was assessed using the MTT assay by measuring absorbance 

at 570 nm on a SpectraMax plate reader. 

Determination of TL and mtDNA-CN in UC-MSCs treated with PE 

        UC-MSCs were treated with PE particles, and following 24 hours of incubation, 

genomic DNA was isolated. The relative expression of TL and albumin genes was quantified 

using the monochrome multiplex quantitative PCR technique. Mitochondrial DNA copy 

number (mtDNA-CN) was determined by comparing the relative amounts of mitochondrial 

DNA to a nuclear single-copy reference gene, β-Globin, using quantitative real-time PCR. 

Statistical evaluation 

        The Mann-Whitney U test was used to evaluate statistical differences between groups. 

A p-value < 0.05 was considered the difference with a statistical significance. 
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Results and Discussion: 

1. Maternal exposure to microplastics 

        Characterization and concentrations of total MPs and various MP polymers, including 

polyethylene (PE), polyethylene terephthalate (PET), polystyrene (PS), polycaprolactam 

(N6), nylon (N66), polymethyl methacrylate (PMMA), polyvinyl chloride (PVC), and 

styrene-butadiene rubber (SBR) were determined in maternal urine. The total concentration 

of urinary MPs was higher in pregnant subjects from high-traffic areas, compared to those 

from low-traffic areas. In the first trimester, the predominant MP polymers detected included 

PE, PET, N6, N66, PVC, and SBR. During the second and third trimesters, PE, PET, N6, 

N66, and PVC remained the major polymers identified. Notably, in the second trimester, MP 

levels in the high-traffic exposure group were significantly 1.33-fold higher (p<0.05) than 

those in the low-traffic exposure group (8.72 vs. 6.53 mg/g creatinine). The elevated levels of 

MPs in the urine of high- exposed pregnant subjects reflect increased maternal exposure and 

are consistent with previously collected data showing higher concentrations of airborne MPs 

in high-traffic areas. 

2. Fetal exposure to MPs 

 Consistent with the presence of MPs in maternal urine, MPs were detected in 

placental tissue suggesting transplacental transfer and fetal exposure. The detected MPs 

polymers in placental tissues included PE, ABS, PET, N6, N66, PVC, SBR, and PS. In line 

with higher levels of MPs in high-exposed maternal urine, the concentrations of total MPs in 

placental tissue were significantly increased by 1.3-fold in the high-exposed group, compared 

to those from the low-exposed group (21.03 vs 16.14 µg/g dry weight, p<0.01). 

3. Telomere length and mitochondrial DNA copy number in newborns 

        Telomere length in cord blood samples from the high- exposed group was 

significantly lower than those from the low-exposed group, with an approximate 1.2-fold 

(2.08 vs 1.78, p < 0.05). The reduced telomere length observed in high-traffic regions may be 

attributed to elevated oxidative stress and DNA damage, both of which are known to 

contribute to telomere shortening.  

        Similarly, mtDNA-CN in cord blood was significantly 1.2-fold lower in the high-

exposed group the low-exposed group (0.59 vs 0.51, p < 0.05). This was in line with the 

telomere length trends. These results suggest that prenatal exposure to MPs may affect 

genomic instability during fetal development. 

 The univariate regression analysis indicated that levels of TL or mtDNA-CN were 

significantly negatively associated with total MPs and PE polymer (p<0.05). These results 

suggested that the shortened TL and decreased mtDNA-CN were in part mediated by prenatal 

exposure to MPs and PE. 

4. In vitro study the effect of PE treatment on TL and mtDNA-CN in UC-MSCs 

 To confirm the aforementioned biological effects of shortened TL and decreased 

mtDNA-CN in cord blood, in vitro cell-based studies were conducted in umbilical cord 

tissue-derived MSCs cell line (UC-MSCs). The effects of PE treatment alone on TL and 

mtDNA-CN were determined in UC-MSCs.  

4.1 Cytotoxicity of PE in UC-MSCs 

       The UC-MSCs were cultured and treated with various concentrations of PE (0-10 mg/ 
mL for 24 hours). The results from the MTT assay showed no significant reduction in cell 

viability, even at the highest dose (10 mg/mL), indicating an absence of acute cytotoxic 
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effects under the tested conditions. Flow cytometry analysis revealed an increased side 

scattering intensity of the treated cells suggesting the cellular uptake of PE particles. 

However, the 24-hour exposure period may have been insufficient to elicit measurable 

cytotoxic responses. 

4.2 The effects of PE on TL and mtDNA-CN in UC-MSCs 

        Analysis of relative TL and mtDNA-CN in UC-MSCs treated with PE (0-5 mg/ml,  

24 hours) showed a dose-dependent reduction of TL and mtDNA-CN in treated cells. These 

results suggest that PE exposure can induce genomic instability in fetal stem cells. 

 

Conclusions: 

        This study reported that increased maternal and fetal exposure to MPs was observed 

in high-traffic exposed groups suggesting that traffic emissions contribute to prenatal 

exposure to MPs. Prenatal exposure to MPs, particularly PE polymer was associated with 

shortened telomere length and decreased mtDNA-CN in cord blood. An in vitro study which 

showed shortened TL and decreased mtDNA-CN in PE-treated UC-MSCs supports the 

observations in prenatal exposure. These results suggest that exposure to traffic-related MPs 

can cause genomic instability which may potentially increase the health risk of developing 

diseases later in life. Therefore, implementing policies to enhance air quality and minimize 

microplastic exposure, especially among pregnant women and newborns is essential to 

protect public health. 
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Abstract: 

Stenotrophomonas maltophilia is an emerging multidrug-resistant opportunistic 

pathogen that poses a serious challenge in clinical settings. The resistance of this organism is 

mainly driven by intrinsic mechanisms including the production of β-lactamases, multidrug 

efflux pumps, and biofilm formation. These traits make infections difficult to treat. Among its 

virulence factors, type IV pili (T4P) are critical for surface attachment, twitching motility, 

and biofilm development. The regulatory systems that control these functions and their 

possible link to antimicrobial resistance in S. maltophilia remain poorly characterized.  

This study investigated the function of a putative major pilin gene (plnP) and its associated 

two-component regulatory system, a sensor kinase (plnS) and a response regulator (plnR). 

Clean deletions of plnP, plnS, and plnR were generated in the S. maltophilia K279a. Deletion 

of plnS and plnR increased resistance to a wide range of antibiotics. These resistance 

phenotypes were not observed in the ΔplnP. In addition, both ΔplnS and ΔplnR showed 

enhanced growth rates and biofilm formation compared with the wild type. Notably, only the 

ΔplnR retained twitching motility. Collectively plnP is likely not the major pilin in  

S. maltophilia. Instead, plnS and plnR act as key regulators that modulate both antimicrobial 

resistance and virulence-associated traits. The findings underscore the critical role of plnS and 

plnR, which are likely significant to the regulatory networks in shaping biological traits with 

direct clinical relevance in this pathogen. 

 

Keywords: Stenotrophomonas maltophilia, multidrug resistance, biofilm formation,  

Type IV pili, two-component system, antibiotic resistance, virulence 

 

Introduction:  

The growing crisis of antibiotic resistance poses a serious threat to global health.  

One of the emerging multidrug-resistant organisms is S. maltophilia. This bacterium has 

gained attention for its inherent resistance and its ability to thrive in both clinical and 

environmental settings.1,2 S. maltophilia is a Gram-negative, rod-shaped bacterium. It can be 

found in diverse environments and frequently establishes colonization in hospital 

environment, especially water outlets, ventilators, and medical devices. This ecological 

adaptability makes it a potential link between environmental sources and hospital-acquired 

infections. In clinical settings, S. maltophilia causes opportunistic infections, particularly in 

immunocompromised patients and those using invasive medical equipment such as 

ventilators. The bacterium is resistant to multiple antibiotics including β-lactams, 

aminoglycosides, and carbapenems.3 Most resistance genes are chromosomally encoded, 

contributing to its intrinsic high-level resistance to antibiotics. The bacterium produces  
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β-lactamases, multidrug efflux pumps, and the ability to form robust biofilms.3 Biofilm 

formation plays a critical role by protecting bacterial cells from both antibiotic and host 

immune responses.4 

Type IV pili (T4P) plays important role in virulence of S. maltophilia. They mediate 

adhesion, twitching motility, and early biofilm formation.5 In S. maltophilia K279a, plnP 

encodes the putative major pilin subunit; plnS encodes the sensor kinase and plnR encodes 

the σ⁵⁴-dependent response regulator. Previous studies in Pseudomonas, Xanthomonas, and 

Acidovorax indicated that PlnSR regulate T4P expression.6–8 In S. maltophilia, the studies in 

strain K279a showed that mutations in the pilin gene plnP after antibiotic exposure are 

associated with antibiotic resistance9 but the genetic regulation of T4P and its contribution to 

antibiotic resistance remain unclear. 

In this study plnP, plnS, and plnR were functionally characterized in term of bacterial 

virulence factors (growth characteristic, motility, biofilm formation) and antibiotic resistance 

in S. maltophilia. 

 

Methodology: 

 This study employed clean deletion mutagenesis to construct knockouts of plnP, 

plnS, and plnR in S. maltophilia strain K279a. Mutant constructs were generated using the 

NEBuilder HiFi DNA Assembly Cloning Kit. Antibiotic susceptibility was determined using 

the Kirby–Bauer disk diffusion method.10 Twitching motility was examined on semi-solid 

agar.11 Biofilm formation was measured with a crystal violet staining assay following  

a microtiter plate protocol.12 Growth characteristics were assessed by monitoring OD600 in 96 

well plate.13 

 

Results, Discussion and Conclusion:  

Clean deletions of plnP, plnS, and plnR were generated in S. maltophilia K279a. 

Expression analysis revealed that plnS and plnR regulate the expression of plnP. 

Interestingly, only the ΔplnR mutant exhibited twitching motility, whereas the ΔplnP and 

plnP overexpression showed non-motile phenotype similar to the wild type (Figure 1).  

These findings collectively support the conclusion that K279a possesses functional pili 

enabling its motility ability, while plnP is likely not the predominant pilin subunit in  

S. maltophilia. PlnR acted as a suppressor of motility, which suggests indirect control through 

alternative pilin loci or other regulatory networks.14 Notably, mutants lacking plnS or plnR 

also displayed increased growth (Figure 2), more robust biofilm formation (Figure 3), and 

higher resistance to multiple antibiotics (Figure 4). In contrast the plnP showed no change in 

growth (Figure 2), biofilm formation (Figure 3), or antibiotic susceptibility compared with 

the wild type (Figure 4). These results indicate that PlnSR regulates multiple physiological 

traits in S. maltophilia in a non-canonical manner. Loss of PlnSR signaling shifted 

physiology toward enhanced biofilm development and multidrug resistance, thereby 

promoting persistence traits that complicate both environmental survival and clinical 

treatment outcomes. Overall, PlnSR functions as a regulatory signal in S. maltophilia, 

coordinating motility, biofilm formation, and antibiotic resistance in ways that differ from 

Pseudomonas aeruginosa and other Gram-negative bacteria.16,17 Understanding this 

regulatory network will support the monitoring and control of this multidrug-resistant 

pathogen. 
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Figure 1: Twitching motility of the S. maltophilia strain K279a,  ΔplnR mutant and 

complemented strain. 

 

 
Figure 2: Growth curves and doubling times of S. maltophilia strain K279a, the mutant and 

complemented strain. (a) ∆plnP mutant, (b) ∆plnS mutant and (c) ∆plnR mutant. 

 

 
 

 

Figure 3: The biofilm formation of S. maltophilia strain K279a, the mutant and 

complemented strain. Significant differences were determined by t-test with p < 0.05. 

K279a::pBBRCM                                     ΔplnR::pBBRCM                            ΔplnR::pBBRCMplnR    

a b c 
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Figure 4: Antibiotic susceptibility of S. maltophilia strain K279a, the mutant and 

complemented strain. Antibiotics tested included nitrofurantoin (N), tobramycin (TOB), 

kanamycin (K), amikacin (AK), netilmicin (NET), gentamicin (CN), amoxicillin-clavulanic 

acid (AMC), ceftazidime (CAZ), meropenem (MEM), azithromycin (AZM), levofloxacin 

(LEV), and chloramphenicol (C). (a) ∆plnP mutant, (b) ∆plnS mutant and (c) ∆plnR mutant. 
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Abstract:  

Airborne pollen and particulate matter (PM2.5, PM10) provoke respiratory diseases 

such as rhinoconjunctivitis and asthma in susceptible individuals. Further, they may work 

synergistically to worsen respiratory symptoms and modulate the immune response.  

In Bangkok, seasonal peaks in pollen concentration and air pollution overlap. PM2.5 levels 

peak between January and March, while pollen concentrations, especially of the grass family 

(Poaceae), a major allergen in Thailand, are elevated year-round, highest in November and 

declining until July. To better understand their combined effect, this study explored  

the correlation between pollen load and particulate matter levels in central Bangkok. 

Aeropollen sampling was conducted from late January until March 2025 using  

a RotoRod-Type Pollen Sampler at the Faculty of Science, Mahidol University. Samples 

were taken during the overlap of rush hour and the daily peak of pollen concentration  

(9:00–12:00). Pollen counts were compared to air pollutant data from the Air4Thai network.  

No statistically significant correlation was observed between daily pollen 

concentrations and PM levels. Most collected pollen grains could not be taxonomically 

identified; however, among the known grains, Typhaceae and Poaceae were the most 

frequently observed. 

The observed constant presence of either allergenic pollen or PM2.5 peaks during  

this time of year presents a compounded risk for respiratory health and may severely impact 

the quality of life of affected individuals. No clear trend was observed across the selected 

time span, however, highlighting the need for a prolonged study period to uncover seasonal 

or meteorological patterns influencing both factors. 

 

Keywords: Pollen allergy, pollen count, PM2.5, PM10 

 

Introduction: 

Exposure to airborne pollen may lead to respiratory disease such as allergic 

rhinoconjunctivitis, chronic obstructive pulmonary disease (COPD) and asthma in susceptible 

individuals1. Air pollutants (PM2.5, PM10, and ozone)2, similarly contribute to respiratory 

diseases such as rhinoconjunctivitis and asthma, as particulate matter can penetrate deep into 

the respiratory system and irritate eyes and throat3. Moreover, studies have shown  

a synergistic effect between pollen and particulate matter (PM2.5), amplifying respiratory 

symptoms and allergic inflammation4–6.  
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The so-called smog season in Bangkok typically lasts from October to May, with  

the highest pollution levels recorded between January and March and PM2.5 being the main 

pollutant throughout. The city experiences high particulate matter concentrations when 

temperatures drop and relative humidity and wind speed are low. The main source of smog in 

South-East Asia is, however, attributed to biomass burning 7.  

Pollen season in Bangkok has its highest peak in November and then declines until 

July, but pollen concentrations remain abundant throughout the year 8,9. Especially of grass 

pollen (Poaceae), which commonly elicits allergic reactions in Thai pollen allergy 

patients10,11. 

High pollen counts are promoted by warm, dry, and sunny weather, with moderate 

wind speeds, while an increase in relative humidity reduces them12.  

Though the link between high pollen exposure and air pollution leading to an increase 

in hay fever symptoms and allergy medication usage has been made4, no research has looked 

at the overlap of the two seasons in Bangkok. This study therefore aims to identify potential 

correlations between pollen concentration and particulate matter. 

 

Methodology:  

  Sample collection 

The modified Rotorod-Type Pollen Sampler (Scinnotech) was set up on the 5th floor 

(18 m) open-air walkway between two buildings, at least three meters away from any 

buildings or big obstructions that would hinder airflow. All samples were collected at  

the Faculty of Science, Phayathai Campus, Mahidol University from late January 

(28.01.2025) until March (30.03.2025). The sampler ran for 3 hours each sampling day from 

9:00–12:00 — corresponding to the closest overlap between rush hour (07:00–09:30) and the 

time of day in which most pollen is released (10:00–13:00).  

Pollen Count  

The pollen count (grains/m3) was determined using the following equation13, whereby 

the average speed (s) of the motor was 2000 rpm. The samples were mounted in Calberla’s 

dye (5 mL glycerol, 10 mL 95% ethanol, 15 mL distilled, saturated aqueous basic fuchsin) for 

staining and pollen grains were counted under a microscope.  

 

 

 

Pollen identification 

Pollen was identified based on its physical characteristics, such as size and apertures, 

and comparing it to known references. To increase chances of identification and reduce the 

number of counted unknown pollen, pollen samples were continuously collected from plants 

within the sampling vicinity and new references made.  

Meteorological data 

Data on air pollution and weather were taken from the closest available dataset to the 

collection site at Faculty of Science, Phayathai Campus, Mahidol University (13.765581, 

100.525431). Meteorological data was collected from air4thai.pcd.go.th (location: 

Ratchathewi District Office, Bangkok Phayathai Roadside, Ratchathewi, Bangkok) located 

1.16 km away from the sampling site. 
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Statistics 

Pollen counts and meteorological data were analyzed and illustrated using GraphPad 

Prism version 9.0.0 (GraphPad Software Inc., CA, USA). The correlation was assessed using 

Spearman ρ. Statistical significance was determined at a level of 0.05. 

 

 

Results and Discussion: 

No significant correlation was observed between PM2.5 or PM10 concentrations and 

airborne pollen count across the study period, suggesting that a longer surveillance period is 

needed to capture potential seasonal patterns. Though not significant, the higher recorded 

pollen counts coincided with the higher PM2.5 measurement, and vice versa, likely reflecting 

meteorological conditions attributed to both pollutant dispersion and enhanced pollen release 

(Fig.1). These factors should therefore be integrated more closely in future studies and 

monitoring of pollen counts.  

Among the identified pollen, Typhaceae (22.1%) made up the largest portion, 

followed by Poaceae (13.9%) and Acanthaceae (7.2%). An additional 3.7% could be assigned 

to other families, while the majority (53.1 %) could only be classified as pollen. Notably, at 

least one allergenic pollen type known to affect Thai patients (Typhaceae, Poaceae, 

Cyperaceae, and/or Amaranthaceae) was found on every sampling day. 

Throughout the collection period, low PM2.5 levels equivalent to Thai AQI “excellent” 

to “satisfactory” (0–25 µg/m³) were recorded on 20 days and levels equivalent to “moderate” 

to “very unhealthy” (>25 µg/m³) on 30 days (Fig.1 B.). PM2.5 was consistently the dominant 

air pollutant determining AQI levels, followed by PM10 and ozone.  

Pollen concentrations are strongly influenced by species-specific pollen seasons, 

which vary in timing and intensity according to plant genetics and meteorological conditions. 

Accurate prediction therefore requires additional monitoring of flowering wind-pollinated 

plants and weather forecasts. Similarly, air pollution levels are shaped by meteorological 

patterns and human emissions, leading to a relatively sudden rise rather than gradual change 

during a year. Still, within this defined overlap of the two seasons, weather patterns provide 

critical clues for anticipating exposure levels and thus should be the focus of future studies. 

Further, the pollen captured depends largely on the immediate flowering plants in its 

vicinity. Consequently, pollen of primarily insect-pollinated plants, namely Lagestroemia sp., 

was also counted. Thus, emphasizing the need of allergy patients to evade pollen exposure by 

removing or avoiding the pollen source from their surroundings whenever possible.  
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C. February March Total collection period 

 PM2.5 PM10 PM2.5 PM10 PM2.5 PM10 

Spearman's rank correlation 

coefficient (r) 0.014 0.094 0.238 0.199 0.130 0.180 

p value 0.948 0.655 0.300 0.386 0.359 0.207 

 

Figure 1 A. Average pollen count, PM2.5, and PM10 levels between 9:00–12:00 of Jan.28–

Mar.30.2025 B. Distribution of pollen counts corresponding to low and high PM2.5 values  

C. Correlation analysis of atmospheric pollen concentrations (pollen count) and particulate matter 

using Spearman’s rank correlation (r) at a significance level of 0.05.  

 

 

Conclusion: 

People who are susceptible to developing respiratory symptoms due to allergenic 

airborne pollen or particulate matter, especially PM2.5, are constantly exposed to elevated 

levels of either during February and March, and likely the entire smog season, which severely 

affects their quality of life. It is therefore important to determine relevant weather patterns 

and improve co-monitoring of airborne pollen and pollutants. Doing so will improve public 

health forecasts, facilitating the implementation of prevention strategies so that the negative 

effects on patients can be minimized. 

 

References:  

1. Idrose NS, Lodge CJ, Erbas B, Douglass JA, Bui DS, Dharmage SC. A Review of the 

Respiratory Health Burden Attributable to Short-Term Exposure to Pollen. Int J Environ 

Res Public Health. 2022;19(12):7541. doi:10.3390/ijerph19127541  

2. Izah SC, Ogwu MC, Etim NG, Shahsavani A, Namvar Z. Short-Term Health Effects of 

Air Pollution. In: Izah SC, Ogwu MC, Shahsavani A, eds. Air Pollutants in the Context of 

One Health : Fundamentals, Sources, and Impacts. Springer Nature Switzerland; 

2024:249-278. doi:10.1007/698_2024_1132  

3. Chen F, Zhang W, Mfarrej MFB, et al. Breathing in danger: Understanding the 

multifaceted impact of air pollution on health impacts. Ecotoxicol Environ Saf. 

2024;280:116532. doi:10.1016/j.ecoenv.2024.116532  

 



32 

 

 

4. Carlsen HK, Haga SL, Olsson D, et al. Birch pollen, air pollution and their interactive 

effects on airway symptoms and peak expiratory flow in allergic asthma during pollen 

season - a panel study in Northern and Southern Sweden. Environ Health Glob Access 

Sci Source. 2022;21(1). doi:10.1186/s12940-022-00871-x  

5. Czarnobilska E, Bulanda M, Bulanda D, Mazur M. The Influence of Air Pollution on the 

Development of Allergic Inflammation in the Airways in Krakow’s Atopic and Non-

Atopic Residents. J Clin Med. 2021;10(11):2383. doi:10.3390/jcm10112383  

6. Konishi S, Ng CFS, Stickley A, et al. Particulate matter modifies the association between 

airborne pollen and daily medical consultations for pollinosis in Tokyo. Sci Total 

Environ. 2014;499:125-132. doi:10.1016/j.scitotenv.2014.08.045  

7. Tesfaldet YT, Chanpiwat P. The effects of meteorology and biomass burning on urban air 

quality: The case of Bangkok. Urban Clim. 2023;49:101441. 

doi:10.1016/j.uclim.2023.101441  

8. Juprasong Y, Sirirakphaisarn S, Siriwattanakul U, Songnuan W. Exploring the effects of 

seasons, diurnal cycle, and heights on airborne pollen load in a Southeast Asian 

atmospheric condition. Front Public Health. 2022;10:1067034. 

doi:10.3389/fpubh.2022.1067034  

9. Songnuan W, Bunnag C, Soontrapa K, Pacharn P, Siriwattanakul U, Malainual N. 

Airborne pollen survey in Bangkok, Thailand: A 35-year update. Asian Pac J Allergy 

Immunol. 2015;33(3):253-262.  

10. Aud-in S, Juprasong Y, Pinkaew B, Talek K, Tantilipikorn P, Songnuan W. Incidence of 

grass and weed sensitization in Bangkok, Thailand: a clinical study. Front Public Health. 

2024;12. doi:10.3389/fpubh.2024.1301095  

11. Oncham S, Udomsubpayakul U, Laisuan W. Skin prick test reactivity to aeroallergens in 

adult allergy clinic in Thailand: a 12-year retrospective study. Asia Pac Allergy. 

2018;8(2):e17. doi:10.5415/apallergy.2018.8.e17  

12. Rojo J, Rapp A, Lara B, Fernández-González F, Pérez-Badia R. Effect of land uses and 

wind direction on the contribution of local sources to airborne pollen. Sci Total Environ. 

2015;538:672-682. doi:10.1016/j.scitotenv.2015.08.074  

13. Frenz DA, Boire AA. Pollen recovery in atmospheric samples collected with the Rotorod 

Sampler over multiple-day periods such as weekends. Ann Allergy Asthma Immunol. 

1999;83(3):217-221. doi:10.1016/s1081-1206(10)62643-9  

14. Bankhead P, Loughrey MB, Fernández JA, et al. QuPath: Open source software for 

digital pathology image analysis. Sci Rep. 2017;7(1):16878. doi:10.1038/s41598-017-

17204-5  

 



33 

 

 

THE EFFECT OF ARSENIC EXPOSURE  

ON EXTRACELLULAR MATRIX REMODELING  

IN CHOLANGIOCARCINOMA MICROENVIRONMENT 

Chilean Chheang1, Chotirat Rattanasinchai 2,3, and Panida Navasumrit 2,3 

1Applied Biological Sciences Program, Chulabhorn Graduate Institute, Bangkok, Thailand, 10210 
2Laboratory of Environmental Toxicology, Chulabhorn Research Institute, Bangkok, Thailand, 10210 

3Center of Excellence on Environmental Health and Toxicology (EHT), OPS, MHESI, Thailand, 10210 

Email: Chilean@cgi.ac.th 

 

Abstract: 

Cholangiocarcinoma (CCA) is an aggressive malignancy of the bile duct 

epithelium, often associated with poor prognosis. Increasing epidemiological evidence 

suggests that arsenic (As) exposure may contribute to CCA development and progression, 

yet the underlying mechanisms remain unclear. Herein, this study investigates the potential 

effects of As exposure on alteration of CCA microenvironment using an in vitro model 

comprising red fluorescent protein-expressing human intrahepatic CCA cells (HuCCA-A4) 

and hepatic stellate cells, HSC, (LX-2).  

Method: The viability of cells treated with sodium arsenite (NaAsO₂) at 

concentrations of 0-10 µM was assessed by using MTT assays. Expression levels of genes 

involved in fibrosis and ECM remodeling in HuCCA-A4 were evaluated by using qRT-

PCR. Conditioned medium (CM) from NaAsO₂-treated HuCCA-A4 was applied to LX-2 

cells to assess fibrotic and inflammatory responses evaluated at the mRNA levels using 

qRT-PCR and at the protein levels using ELISA. Collagen I deposition was evaluated in an 

HuCCA-A4/LX- 2 co-culture system via immunofluorescence staining.  

Results: MTT analysis in NaAsO2- treated HuCCA-A4 cells showed reduced cell 

viability starting at 5-10 µM (24 h), 2.5-10 µM (48 h), and 2-10 µM (72 h). NaAsO₂ 

treatment in HuCCA-A4 induced dose-dependent upregulation of CTGF, a fibrotic marker, 

as well as both ECM remodeling enzymes, LOX and MMP-1. In LX-2 cells, CM from 

HuCCA-A4 alone significantly elevated IL-6 and IL-8 expressions at both mRNA and 

protein levels compared to a control condition. Notably, the levels of IL-8, but not IL-6, 

also further increased when LX-2 cells were exposed to CM from NaAsO2-treated 

HuCCA-A4 cells. In the co-culture system, deposition of extracellular collagen I could be 

visualized and the increase in its length and abundance was also observed when the co-

culture was exposed NaAsO2 treatment. Taken together, these findings suggest that As 

may promotes CCA progression by directly inducing the expressions of ECM remodeling 

genes in CCA cells and by stimulating the secretion of pro-fibrotic and pro- inflammatory 

mediators, which activate surrounding stromal cells and contribute to a tumor- supportive 

microenvironment. 

 

Keywords: Cholangiocarcinoma, arsenic, sodium arsenite, red fluorescent protein-expressing 

HuCCA-A4 cells, hepatic stellate cells, extracellular matrix remodeling. 
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Introduction: 

Cholangiocarcinoma (CCA) is a heterogeneous and highly aggressive malignancy 

originating in the bile ducts, posing a significant health concern worldwide (1). CCA 

incidence in Thailand, especially in the northeastern region, is primarily attributed to liver 

fluke infestation (2). Although it is projected that the incidence of CCA in Thailand steadily 

declines (3), the incidence and mortality rates of intrahepatic CCA (iCCA) have been 

increasing in Western Europe, the United Kingdom, the United States, and Australia, 

affecting both genders (4). Arsenic (As) exposure is a significant global public health issue 

in both developed and developing countries; approximately 200 million people are 

unintentionally exposed to arsenic primarily through drinking water (5). Chronic As 

exposure has been epidemiologically linked to various adverse health effects, including 

non-carcinogenic and carcinogenic effects (6). Growing evidence suggests a strong 

association between a prolonged exposure to sodium arsenite (NaAsO2)-contaminated 

drinking water and the development of CCA (7). 

Aberrant ECM remodeling plays a critical role in fibrosis and cancer (8). Alteration 

of the TME caused by atypical expressions of ECM remodeling enzymes, e.g. matrix 

metalloproteinase 1 (MMP-1) and lysyl oxidase (LOX), and pro-fibrogenic mediators, e.g. 

connective tissue growth factor (CTGF), may orchestrate ECM remodeling within the tumor 

mass forming a favorable microenvironment for CCA progression (9). Although there is no 

direct in vitro and in vivo data to demonstrate the association between As exposure and CCA 

progression (7), several studies have already reported that As exposure can lead to liver 

fibrosis, which can eventually progress to cancer (10). Therefore, this research aims to 

explore the potential mechanisms of how the environmental toxicant such as As affects the 

TME of CCA, particularly its role in ECM remodeling and the influence on surrounding 

cells such as HSC. 

 

Objective: 

1. Investigating the direct effect of NaAsO₂ exposure on alteration of genes involved in 

fibrosis and ECM remodeling in CCA cells. 

2. Assessing the effect of conditioned media (CM) from NaAsO₂-exposed CCA cells on 

alteration of genes involved in inflammatory responses and ECM remodeling in HSC 

cells. 

 

Methodology: 

1. Cell culture 

HuCCA-A4 cells expressing RFP were cultured in Ham’s F-12 medium supplemented 

with FBS, L-GlutaMax, penicillin/streptomycin and puromycin. Human hepatic stellate LX2 

cells were maintained in DMEM supplemented with FBS, L-GlutaMax, sodium pyruvate 

without antibiotic. 

2. Dose response and cell viability 

An MTT assay was used to assess cell viability of HuCCA-A4 and LX-2 cells 

treated with NaAsO₂ (0-10 μM) for 24, 48, and 72 h. The absorbance of purple formazan 

which corresponds to cell viability was read by using Spectra Imax ID3 spectrophotometer 

(Molecular devices). Cell morphology was also examined at each time point using  

the BioTek Lionheart FX microscope (Agilent). 
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3. Gene expression analysis 

Gene expression analysis was performed on HuCCA-A4 cells treated directly with 
NaAsO₂ (0-5 μM for 48 h), and on LX-2 cells exposed to conditioned media (CM) collected 
from HuCCA-A4 cells treated with 0, 1 and 2.5 μM NaAsO₂ for 48h, compared to the media 
pretreated with the corresponding NaAsO₂ concentrations for 48 h. Total RNA was extracted 
using the RNeasy Mini Kit (Qiagen), and cDNA was synthesized with the qScript cDNA 
Synthesis Kit (Quantabio). qRT-PCR was performed using CFX96 thermocycler (Bio-rad) 
with Thunderbird Tm Next SYBR qPCR Mix (Toyobo). PPIA served as a housekeeping 
control gene. Target genes for HuCCA-A4 included: CTGF, MMP1, LOX, TGFB1, 
TGFB1R, and COL1A1. For LX-2 cells, target genes included: CTGF, MMP1, LOX, 
COL1A1, FN1, IL6, IL8. 

4. Enzyme Linked immunosorbent assay (Elisa) 

Conditioned media from LX-2 cells treated with supernatants of HuCCA-A4 cells 
exposed to NaAsO₂ were collected and analyzed using IL-6 (R&D Systems) and IL-8 
(BioLegend) ELISA kit, following the manufacturers’ protocols. The absorbance was read 
using a SpectraMax iD3 spectrophotometer. Cytokine concentrations were calculated from 
the mean of duplicate wells based on standard curves. 

5. Immunofluorescent (IF) staining assay 

Immunofluorescence staining was performed to assess the presence of extracellular 
collagen I fibers in a HuCCA-A4/LX-2 co-culture model treated with NaAsO₂ (0-5 µM for 
48 h). No permeabilization step was performed prior to blocking. Samples were incubated 
with anti-collagen I antibody and counterstained with DAPI. Fluorescence images were 
captured using the BioTek Lionheart FX microscope. 
 
Result and Dicussion: 

1. The effect of NaAsO₂ exposure of cell viability and morphology 

NaAsO₂ treatment reduced cell viability in a dose- and time-dependent manner in 
both HuCCA-A4 and LX-2 cells. Higher concentrations (≥2.5–5 µM) significantly 
decreased viability, especially at 48–72 h, while lower doses had minimal effects. 
Morphological changes, including reduced density and cell elongation in lX-2, were 
observed at cytotoxic concentrations of 2.5–5 µM. 

2. Gene expression analysis in NaAsO₂-treated HuCCA-A4 and CM-treated LX-2 Cells 

NaAsO₂ treatment upregulated CTGF, MMP1, and LOX gene expressions in 
HuCCA- A4 cells in a dose-dependent manner, with significant increases at 5 µM. TGF-β1 
and TGF- βR1 showed modest changes, while COL1A1 was undetectable. In LX-2 cells, 
CM from NaAsO₂-treated HuCCA-A4 cells significantly elevated IL-6, IL-8, MMP-1, and 
LOX expression, especially at CM with 2.5 µM NaAsO₂ treatment. Additionally, CTGF in 
LX-2 decreased at CM from lower NaAsO₂ doses but slightly increased when LX-2 cells 
were treated with CM with 2.5 µM NaAsO₂ treatment. COL1A1, FN1, and VIM exhibited 
fluctuating or reduced expression across treatments. 

3. Cytokine Secretion in LX-2 exposed to CM from NaAsO₂-treated HuCCA-A4 cells 

CM from NaAsO₂-treated HuCCA-A4 cells significantly increased secretion of 
IL-6 and IL-8 in LX-2 cells, compared to arsenite treatment alone. IL-6 levels peaked in 
CM 0 and 1 µM groups (~18 ng/mL, p < 0.0001), with a slight decrease at 2.5 µM. IL-8 
levels showed a dose-dependent increase, reaching ~30 ng/mL at CM 2.5 µM (p < 0.0001). 
However, direct As treatment had minimal effect on cytokine production. 



36 

 

 

4. Collagen I fibers in HuCCA-A4/LX-2 Co-Cultures 

Immunofluorescence staining of co-cultured cells revealed enhanced extracellular 

collagen I fibers in a treatment with 1 and 2.5 µM NaAsO₂, compared to the control group. 

Additionally, the collagen I fibers at 5 µM NaAsO₂ treatment appears to be fluctuated as  

it dropped in some experiment while slightly increase in the others. 

 

Conclusion: 

Collectively, our observations indicate that NaAsO₂ exposure may be linked to 

alterations in ECM remodeling within iCCA tumors, alongside enhanced secretion of pro- 

inflammatory factors. These changes could potentially influence surrounding stromal cell 

activity and support the development of a microenvironment favorable to tumor 

progression. 
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Abstract: 

Coffee cultivation and primary processing contribute significantly to greenhouse gas 

emissions (GHGs), Particularly using fertilizers, fossil fuels, and energy consumption during 

processing. This study aimed to evaluate greenhouse gas emissions from coffee production in 

Nan Province, Thailand, focusing on two phases 1. Coffee cultivation and coffee processing. 

Cultivation processes were divided into mono-cultivation and poly-cultivation. Results 

showed that monoculture cultivation emitted 0.13 kgCO₂/kg-coffee, whereas polyculture 

cultivation released a higher amount at 3.74 kgCO₂/kg-coffee, primarily due to greater 

fertilizer input during the planting phase. For coffee processing, the total emissions were 

relatively low, averaging 0.042 ± 0.020 kgCO₂/kg-coffee, with the main contributions arising 

from the milling and transportation by using diesel-fueled pickup trucks. A study found that 

polyculture systems demonstrated relatively lower greenhouse gas (GHG) emissions per unit 

of yield compared to monoculture practices, suggesting their potential as a more sustainable 

cultivation model. The findings highlight two key emission hotspots: fertilizer application 

during cultivation and water use during the coffee milling process. The results emphasize that 

adopting intercropping and optimized water management practices are potential solutions to 

significantly reduce GHG emissions. This study provides scientific evidence and practical 

recommendations to support Thailand's national strategies toward carbon neutrality by 2050 

and net-zero emissions by 2065.(1) 

Keywords: Greenhouse gas emissions, coffee cultivation, coffee processing, carbon footprint 

Introduction: 

Climate change has become one of the most pressing global challenges, with 

Thailand ranked among the countries most vulnerable to its impacts. In response, the Thai 

government has committed to the Paris Agreement (COP21) and COP26, aiming to achieve 

carbon neutrality by 2050 and net-zero greenhouse gas (GHG) emissions by 2065. 

Agriculture, which occupies nearly half of the nation’s land area, is a significant contributor 

to GHG emissions due to heavy reliance on fertilizers, energy consumption, and land-use 

change. Therefore, understanding and quantifying emissions from specific agricultural 

systems is crucial for guiding mitigation strategies. 

Coffee is an important economic crop in Thailand, particularly in Nan Province, 

a major production area for Arabica coffee. In 2022(2), the total cultivation area in 

Nan Province reached 12,572 rai, producing 682 tons of coffee. Despite its economic value, 

limited research has been conducted on GHG emissions from coffee production in Thailand, 

especially concerning the cultivation and primary processing stages. Previous studies 

(e.g., Ratchawat et al., 2017(3); Trinh et al., 2020(4),:Iglesias et al.,2025(5),:Nab et al., (6)) 
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have shown that fertilizer application and intensive farming practices are the dominant 

sources of emissions, whereas intercropping systems and improved resource management can 

substantially lower the carbon footprint Cibelli et al, 2021(7).  

Although coffee contributes substantially to regional economies, research on its 

environmental impacts in Thailand is limited. Existing studies, such as Ratchawat et al. 

(2017)(3), reported that fertilizer use during cultivation was responsible for up to 75% of 

emissions in roasted coffee production. International studies (de Souza et al., 2010(8); Van et 

al., 2014; Trinh et al., 2020(4),(9)) also confirm that intensive mono-cultivation systems 

release higher emissions, while intercropping systems and sustainable farming practices 

reduce the carbon footprint(10-12). 

There is still limited research on greenhouse gas emissions from coffee cultivation 

and primary processing in Thailand, as previously mentioned. Therefore, this research project 

aims to study greenhouse gas emissions from the coffee cultivation and primary processing 

chain by examining different cultivation methods (mono-cultivation and poly-cultivation with 

other crops) in Arabica varieties, The findings of this study could serve as a guideline for 

reducing greenhouse gas emissions from related activities and provide valuable information 

for agricultural land-use planning to mitigate greenhouse gas emissions, contributing to 

tangible sustainable development solutions in the future. 

Material and Methods: 

This research was designed as an analytical survey to assess greenhouse gas (GHG) 

emissions from coffee cultivation and primary processing in Nan Province, Thailand. Data 

collection was conducted through field surveys with coffee farmers and processors in the 

main cultivation areas. The sample size was determined using Cochran’s formula at a 90% 

confidence level, resulting in 80 farmer samples, separated into mono-cultivation and poly-

cultivation systems, and 26 processing samples. Information gathered included fertilizer use, 

fuel and electricity consumption, water use, transportation distance, yield, and by-products. 

The assessment of GHG emissions followed the Thailand Greenhouse Gas Management 

Organization (TGO) guidelines(13), in which activity data were multiplied by standard 

emission factors to estimate emissions in kilograms of carbon dioxide equivalent. After 

calculating emissions for both cultivation and processing, the data were analyzed to identify 

significant emission hotspots. Finally, scenarios for emission reduction were developed and 

interpreted, with an emphasis on fertilizer management, cultivation practices, and resource 

efficiency as potential strategies to mitigate the carbon footprint of coffee production in the 

study area. 
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Figure 1 Mass flow of coffee cultivation and primary processing 

Results and discussion: 

From the data collection and interviews with 80 coffee farmers in Nan Province, 

62 samples represented mono-cultivation, and 18 samples represented poly-cultivation. 

The results indicated that coffee farmers utilized various resources, including gasoline for 

water pumps and grass cutters, chemical fertilizers, and pesticides for pest control. The 

quantities of these inputs used in the cultivation process are shown in table 1 Resource 

consumption of Mono-cultivation and Poly-cultivation 

Land preparation 

Planting phase 

Harvesting 

Mono-cultivation Poly-cultivation 

- Benzene= 0.00087 

litre

- Fertilizer= 0.10 kg 

- Benzene= 0.002 kg 

- Herbicide= 0.011 kg 

- Water 

Selection 

Fermentation 

Milling 

Drying 

- Water= 4.67 litre 

- Water= 3.05 litre 

- Water= 13.67 litre 

- Cheery defect= 4.67 kg 

- Wastewater= 3.05 litre 

- Wastewater= 13.67 litre 

- Coffee pulping= 0.5 kg 

0.2 kg of Green coffee 

1 kg of Coffee cherry 

Transportation - Deisel= 0.009 litre 
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Table 1 Resource consumption of Mono-cultivation and Poly-cultivation 

Activity Unit 
Resource consumption (unit per kg-coffee) 

Mono-cultivation Poly-cultivation 

Land preparation 

- Benzene fuel litre 0.00087 ±0.00142 0.00142 ±0.00046 

Cultivation 

- 1st Fertilizer  

- 2nd Fertilizer 

- 1st Herbicide 

- 2nd Herbicide 

- Benzene fuel 

kg 

kg 

kg 

kg 

litre 

0.06 ±0.06 

0.04 ±0.04 

0.002 ±0.002 

0.009 ±0.007 

0.002 ±0.001 

0.95 ±0.69 

0.94 ±0.70 

0.005 ±0.005 

- 

0.001 ±0.001 

From the data collection of 26 coffee processors, the greenhouse gas (GHG) 

emissions were estimated at 0.042 ± 0.028 kgCO₂ per kg-coffee. The main resources 

contributing to these emissions included water and gasoline used for water pumps, as well as 

fuel consumption for transporting green coffee beans to roasting facilities. Although the 

emission values from processing were relatively low compared to cultivation, they represent 

an important stage in the value chain, particularly due to high water demand and 

transportation-related fuel use. The details of resource consumption in the processing stage 

are presented in Table 2 Resource Consumption of Coffee Processing. 

Table 2 Resource consumption of Coffee processing 

Activity Unit 

Resource consumption 

(unit per kg-coffee) 

Carbon emission  

(kg-CO2 per kg-coffee) 

Average SD Average SD 

Selection process 

- Water 

- Benzene 

litre 

litre 

4.67 

7 

1.44 

0 

- 

0.0134 

- 

1.44 

Fermentation process 

- Water litre 3.05 2.03 - - 

Milling process 

- Water litre 13.67 6.42 - - 

Drying process - - - - - 

Transportation litre 0.009 0.003 0.028 0.010 

The assessment of greenhouse gas (GHG) emissions from coffee cultivation revealed 

clear differences between mono-cultivation and poly-cultivation systems. Polyculture showed 

significantly higher emissions, with an average of 3.74 kgCO₂eq per kg-coffee, compared to 

0.13 kgCO₂eq per kg-coffee in monoculture. In both systems, fertilizer application was the 

dominant source of emissions. For polyculture, fertilizer use accounted for 3.724 kgCO₂eq, 

representing nearly 99% of the total emissions, while in monoculture it contributed 0.115 

kgCO₂eq, or approximately 88%. The variation is strongly related to the types of fertilizers 

applied. Farmers practicing polyculture tended to use larger amounts of urea fertilizer (46-0-

0), whereas those in monoculture mainly applied compound fertilizer (15-15-15) combined 

with organic chicken manure. These findings highlight fertilizer management as the critical 

hotspot influencing the overall carbon footprint of coffee cultivation.  
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Figure 2 Comparison carbon footprint emission of cultivation 

Conclusion: 

This study assessed greenhouse gas (GHG) emissions from coffee cultivation and 

processing in Nan Province, Thailand. Overall emissions were relatively low, largely because 

farmers rely on rainfall for irrigation rather than energy-intensive pumping. However, 

fertilizer application was identified as the major hotspot, contributing 88–99% of total 

emissions. Urea fertilizer, due to its high nitrogen content, produced significantly higher 

GHG emissions compared to other inputs. Replacing urea with alternatives such as chicken 

manure or compound fertilizer (15-15-15) could substantially reduce emissions, lower 

production costs, and improve soil quality in the long term. 

In the processing stage, GHG emissions were minor, with transportation identified as 

the main contributor. Collective transport and load optimization could reduce fuel use, 

thereby lower costs while improving logistical efficiency. Importantly, adopting these low-

carbon practices offers farmers additional benefits, including opportunities to market their 

products as sustainable or climate-friendly coffee. This not only enhances their bargaining 

power in trade but also creates higher value in niche markets. 

In conclusion, strategies focused on fertilizer management and transport efficiency 

can both mitigate GHG emissions and deliver economic and competitive benefits to farmers, 

aligning agricultural practices with Thailand’s climate goals of carbon neutrality by 2050 and 

net-zero emissions by 2065. 
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Abstract: 

Copper is an essential micronutrient but becomes toxic at elevated concentrations.  
To explore how genetic factors contribute to copper stress adaptation, we examined  
a Pseudomonas aeruginosa PAO1 mutant lacking PA2806, a gene involved in tRNA 
modification. Comparative transcriptomic analysis between wild type and mutant strains 
revealed distinct transcriptional responses. Notably, loss of PA2806 led to induction of 
oxidative stress defense genes and the repression of secretion-associated genes, suggesting  
a trade-off between stress tolerance and virulence. These findings highlight a previously 
unrecognized role of PA2806 in shaping the bacterial response to copper. 

Keywords: Pseudomonas aeruginosa PAO1, copper stress, transcriptomics, PA2806 

Introduction: 

Pseudomonas aeruginosa PAO1 is an opportunistic pathogen capable of thriving in 
diverse environments, including clinical settings where it contributes to chronic and acute 
infections. Its adaptability stems from versatile metabolic networks and complex regulatory 
systems that balance growth, stress resistance, and virulence (1). Copper is an essential 
micronutrient but becomes toxic at higher concentrations due to its redox activity, which can 
drive oxidative stress and damage macromolecules. Bacteria counteract copper toxicity 
through efflux systems, sequestration, and metabolic adaptations (2). Notably, copper stress 
can also influence virulence gene expression, although the underlying mechanisms remain 
incompletely understood (3). 

The PA2806 gene encodes a key enzyme in queuosine biosynthesis, a tRNA 
modification implicated in translation fidelity and stress response. Disruption of PA2806 has 
been linked to altered cellular physiology (4), but its role in mediating the response to copper 
in P. aeruginosa remains unexplored. Here, we performed transcriptomic analysis comparing 
the PAO1 wild type and a ΔPA2806 mutant to investigate the broader impact of PA2806 loss 
on bacterial gene expression. 
 

Methodology: 

Bacterial strains and conditions 

Pseudomonas aeruginosa wild type PAO1 and ΔPA2806 strains were cultured in M9 
media ( 5 X  M 9  m e d i a  s a l t ,  1 M  MgSO4.7H2O, 20% glucose, 1M CaCl2, and 1% 
casaminocacid)  at 37 °C overnight. Cultures were subcultured to mid-logarithmic phase 
(OD₆₀₀ ≈ 0.5) before harvesting. Cells were collected by centrifugation, washed with 
phosphate-buffered saline (PBS, pH 7.4), snap-frozen in liquid nitrogen, and stored at –80 °C 
for subsequent transcriptomic analyses. 
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RNA extraction and sequencing 

Cell pellets were treated sequentially with Solution I (0.3 M sucrose, 10 mM sodium 

acetate, pH 4.8) and Solution II (2% SDS, 10 mM sodium acetate). Total RNA was extracted 

from biological triplicates using an acid-phenol: chloroform protocol optimized for P. 

aeruginosa. RNA integrity and concentration were assessed using an Agilent Bioanalyzer. 

Sequencing libraries were prepared and subjected to high-throughput sequencing by 

Novogene (Illumina platform). Raw reads were quality-checked, mapped to the P. 

aeruginosa PAO1 reference genome, and normalized to fragments per kilobase of transcript 

per million mapped reads (FPKM). 

Differential expression analysis 

Differentially expressed genes (DEGs) were identified using appropriate statistical 

thresholds (adjusted p-value < 0.05, |log2 fold-change| > 1), with comparison included Q vs 

W. Venn diagrams were used to visualize overlaps. Gene ontology (GO) enrichment was 

performed to identify significantly overrepresented biological processes. 

Principal component analysis (PCA) 

FPKM-normalized gene expression values were subjected to PCA to assess clustering 

by condition. Three-dimensional visualization was performed to evaluate the contribution of 

PA2806 deletion to overall transcriptional variance. 

 

Results and Discussion: 

Sequencing quality and mapping 

RNA-seq of Q and W samples generated 25.1 - 32.3 million clean reads per sample, 

corresponding to 3.8–4.8 Gb of clean bases, with a consistently low base-calling error rate of 

0.01%. High sequencing quality was confirmed by Q20 > 98.6% and Q30 > 94%, and GC 

content ranged from 62.19% to 63.1% for Q and 62.19% - 62.92% for W samples, consistent 

with the Pseudomonas aeruginosa PAO1 genome. These metrics indicate robust sequencing 

performance and sufficient coverage for downstream transcriptomic analyses. 

Table 1 Summary of RNA-seq read quality and mapping metrics for Q and W samples 

Sample 

name 
Raw reads 

Clean 

reads 

Raw 

bases 

Clean 

bases 

Error 

rate (%) 

Q20 

(%) 

Q30 

(%) 

GC 

content 

(%) 

Q1 33311806 32320608 5.0G 4.8G 0.01 98.73 94.9 63.1 

Q2 28671570 27840514 4.3G 4.2G 0.01 98.79 94.97 63.1 

Q3 25912048 25141800 3.9G 3.8G 0.01 98.74 94.88 62.99 

W1 27346622 26531124 4.1G 4.0G 0.01 98.81 95.16 62.19 

W2 25849542 25043126 3.9G 3.8G 0.01 98.76 94.95 62.48 

W3 26534942 25742924 4.0G 3.9G 0.01 98.62 94.22 62.92 

Gene-level quality control 

Figure 1 shows the distribution of gene expression values across Q and W samples. 

Raw read counts follow the expected long-tailed RNA-seq pattern, with most genes 

expressed at low levels and a few highly expressed (Figure 1A). Replicate curves are similar, 

indicating consistent sequencing depth and no technical outliers. After normalization  
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(Figure 1B), FPKM values are comparable across samples, confirming effective library size 

correction. Overall, most genes exhibit low to moderate expression, consistent with the  

P. aeruginosa transcriptome. 

 

 
Figure 1 Distribution of gene expression values in Q and W samples. (A) Density plots of 

raw read counts showing that most genes were expressed at low levels, with a smaller 

fraction highly expressed. (B) Density plots of normalized FPKM values demonstrating 

comparable expression distributions across samples after normalization. 

 

Sequencing depth and detected genes 

Sequencing of the ΔPA2806 mutant (Q1-Q3) and wild-type (W1-W3) transcriptomes 

produced 10.2 - 13.1 million reads per sample (Table 2), providing sufficient depth for 

bacterial transcriptomic profiling. Across all replicates, ~6,020-6,042 genes were detected, 

covering the majority of the PAO1 genome. Gene detection was highly consistent within each 

group, indicating comparable sequencing quality and coverage, and confirming the dataset is 

suitable for downstream differential expression analyses. 

Table 2 Summary of sequencing depth and detected genes in P. aeruginosa PAO1 wild type 

(W) and ΔPA2806 mutant (Q) samples 

Sample Total read Detected genes 

Q1 13122963 6031 

Q2 11477384 6030 

Q3 10247265 6026 

W1 10798556 6039 

W2 10438730 6042 

W3 10383288 6042 

 

Global transcriptional variation is driven by copper and PA2806 

Three-dimensional PCA (Figure 2) revealed distinct separation between wild type and 

ΔPA2806. This demonstrates that PA2806 deletion independently shape transcriptional states. 

These findings indicate that PA2806 contributes significantly to basal transcriptome 

architecture.  
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Figure 2 Principal component analysis (PCA) of transcriptome profiles of P. aeruginosa 
PAO1 wild type (W) and ΔPA2806 mutant (Q) strains. Three-dimensional clustering 
illustrates distinct separation based on PA2806 deletion, highlighting their contributions to 
transcriptional variation. 

 
Constitutive effects of PA2806 deletion under basal conditions 

In the basal condition (Q vs W), ΔPA2806 up-regulated oxidative stress defense genes 
including peroxiredoxin (ahpC), glutathione peroxidase, and several reductases, together with 
a metal-transporting P-type ATPase. These changes suggest that PA2806 contributes to redox 
stability, and its loss triggers compensatory activation of antioxidant and metal-handling 
systems. Conversely, genes encoding adhesion pili, Type VI secretion components (hcpC), 
and translational elements (tRNAs and rRNAs) were down-regulated. This indicates reduced 
investment in virulence-related secretion and translational machinery, pointing to a 
physiological shift toward stress management. 
 

Conclusion: 

This study demonstrates that PA2806 plays a critical role in maintaining 
transcriptional balance in Pseudomonas aeruginosa POA1. Its loss enhances oxidative stress 
responses while suppressing secretion-related functions, pointing to a trade-off between stress 
survival and virulence. 
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Abstract:   

 Bananas (Musa spp.) are among the most important tropical fruits in Thailand, serving 

as both a staple food and cultural symbol, and as a promising source of bioactive compounds 

and resistant starch for functional food development. Thai banana cultivars, derived from 

Musa acuminata (A genome) and Musa balbisiana (B genome), exhibit genomic diversity 

that contributes to their nutritional and health-promoting properties. In this study, five 

cultivars: Teep (ABB), Hin (BBB), Tanee Pa (BB), Hakmuk (ABB), and Theppharot (ABB) 

were selected for evaluation of total phenolic content (TPC), total flavonoid content (TFC), 

antioxidant activity, and their potential as prebiotic substrates. Additionally, the encapsulation 

of Pediococcus pentosaceus with green banana flour from Theppharot cultivar was 

investigated as a freeze-drying strategy to enhance probiotic viability and shelf life.  

The results revealed that Tanee Pa exhibited the highest phenolic and flavonoid levels with 

strong antioxidant activity, while Theppharot cultivar demonstrated superior potential for 

probiotic encapsulation. Collectively, these findings highlight the nutritional diversity of  

Thai banana cultivars and their dual role as sources of bioactive compounds and 

encapsulating matrices, supporting their development into novel functional foods that 

promote gut health and overall well-being. 

 

Keywords:  Green banana flour, phenolic compounds, flavonoid content, antioxidant, 

Pediococcus pentosaceus 

 

Introduction: 

  The human gut harbors trillions of microorganisms that significantly influence overall 

health, playing pivotal roles in metabolic processes, immune system regulation, and pathogen 

defense (1). Maintaining a balanced and diverse gut microbiota is crucial for human well-

being, and disruptions in this delicate ecosystem are frequently associated with various 

chronic diseases (2, 3). One promising strategy to support a healthy gut microbiome and 

mitigate these disorders is through the consumption of prebiotics (4). Prebiotics are defined 

as non-digestible food components that selectively stimulate the growth and/or activity of 

beneficial bacteria in the colon, thereby improving host health. They are resistant to digestion 

by stomach acid and mammalian enzymes in the upper gastrointestinal tract, arriving intact in 

the colon where they are fermented by the resident microbiota. 

 Among the most important types of prebiotics is resistant starch (RS), which is 

characterized as starch and its degradation products that are not absorbed in the small 

intestine of healthy individuals (5). RS, particularly type II (RS2) found in uncooked foods 

like green bananas, is fermented by colonic bacteria to produce beneficial metabolites, 
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notably short-chain fatty acids (SCFAs) such as acetate, propionate, and butyrate (6).  

These SCFAs are critical for host health, serving as the primary energy source for 

colonocytes, maintaining the integrity of epithelial cells, regulating cell proliferation and 

apoptosis, and improving the intestinal barrier. SCFAs also play roles in regulating energy 

metabolism, immunological function, and gut cell proliferation, while also decreasing 

potentially harmful substances like secondary bile acids, ammonia, and phenols (6). 

 Given these profound benefits, there is growing interest in exploring natural sources 

of resistant starch for dietary intervention. Thai green banana flour, derived from unripe 

banana cultivars, emerges as a highly promising candidate due to its exceptional resistant 

starch content. Cultivars like Kluai Hin and Kluai Hakmuk, belonging to the BB genome 

group, are particularly rich in RS, with flour containing 52.2-68.1% RS and isolated starch 

reaching 70.1-79.2% RS (7). This high RS content, primarily as Type II resistant starch 

(RS2), makes it an excellent natural prebiotic. This study aims to investigate the prebiotic 

potential of five Thai green banana cultivars and to assess their ability to support the growth 

of the beneficial gut bacterium Pediococcus pentosaceus using in vitro fermentation models. 

The findings provide important insights into the functional properties of these cultivars and 

highlight their potential as a sustainable and accessible source of prebiotics for improving gut 

health. 

 

Methodology:  

Green bananas flour preparation              

 Five banana cultivars: Tanee Pa, Tanee Dam, Hin, Teep and Theppharot were selected 

at stage 1 according to the Vol Loesecke ripening scales. The bananas were first washed with 

tap water, then peeled or intact then sliced into 1 mm thick. To prevent browning, banana 

slices were soaked in a 0.3% (w/v) citric acid solution for 10 minutes. Banana slices were 

dried in a hot air oven at 50°C for 8 hours. After drying, banana slices were ground and 

sieved through a 100-mesh screen to obtain fine banana flour, then stored at 4°C until further 

use.     

Moisture and ash content 

 Approximately 5 g of green banana flour were placed in a porcelain crucible and 

heated 105°C for 3 hours for measuring moisture content, where 550°C at 2 hours were used 

for ash content. 

Total phenolic compounds (TPC) 

 The total phenolic content was determined using the Folin-Ciocalteu method, with 

gallic acid as the standard across a concentration range of 0 to 1000 mg/L 

Antioxidant activity by 2,2′-Diphenyl-2-picryl-hydrazyl (DPPH) 

 In a 96-well plate, 40 µL of the sample or Trolox standard (0–200 µg/mL) was mixed 

with 260 µL of 0.1 mM DPPH solution and incubated at 25°C for 30 minutes. Absorbance 

was measured at 517 nm, and the results were reported as the mean Trolox equivalent (TE)  
in milligrams per gram of dry mass. 

Cultivation of Pediococcus pentosaceus with green banana flour 

 One gram of green banana flour was added to 10 mL of BHIY (Brain Heart Infusion 

with Yeast extract) medium containing 100 µL of P. pentosaceus. The mixtures were 

incubated under anaerobic condition for 3, 5 and 7 days. Bacterial growth was monitored  
by measuring optical density (OD) at 600 nm. 
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Encapsulation of Pediococcus pentosaceus with Freeze-drying process 

 Bacteria was inoculated in 200 mL of BHIY and cultured at 37°C for 12 hours.  
The culture was centrifuged at 5,000 rpm for 20 minutes, washed and resuspended with 0.1M 
phosphate-buffered saline (PBS), pH 7.4. Bacterial solution was mixed with 20g of green 
banana flour dissolved in 150 mL water containing 1% (w/v) Tween 80 and stirred at 60°C. 
Sucrose 2% (w/v) was added as a cryoprotectant and the mixture was gently stirred for 1 hour.  
The emulsion was frozen at -20°C for 12 hours before subjecting to freeze drying for 24 hrs. 
 
Results and Discussion:  

Properties in Thai green banana flour (GBF) 

GBF from five cultivars—Teep, Hin, Tanee Pa, Theppharot, and Hakmuk—was 
analyzed for pH, moisture content, and ash content (Table 1). Both peeled and unpeeled 
samples were examined to evaluate the influence of peel inclusion on these properties.  
The results revealed slight variations in moisture and ash content, largely attributable to  
the presence or absence of peel. All cultivars exhibited pH values within the acidic range, 
consistent with typical characteristics of banana-based products. Among the cultivars,  
Tanee Pa (both peeled and unpeeled) displayed the highest ash content. 

 
 pH Moisture (%) Ash (%) 
unpeel 
banana: 

   

    Hakmuk 5.64 4.22 8.48 
    Hin 6.90 6.93 12.17 
    Teep 5.77 6.01 10.05 
    Taneepa 6.35 6.70 20.16 
    
Theppharot 

5.90 5.41 12.42 

peeled 
banana: 

   

    Hakmuk 5.57 5.87 9.56 
    Hin 6.85 4.21 7.56 
    Teep 5.78 5.66 12.12 
    Taneepa 6.00 7.54 20.89 
    
Theppharot 

6.02 2.40 12.98 

Table 1 pH, moisture content (%), and ash content (%) of green banana flour (GBF)  
from five Thai cultivars, analyzed separately for peeled and unpeeled samples. Values are expressed 

as mean ± standard deviation (SD) from three independent replicates (n = 3). Different superscript 

letters within the same column indicate significant differences  
(p < 0.05). 

 

 
Total Phenolic Content (TPC) and Antioxidant Activity 

 As shown in Figure 1, the GBF from Tanee Pa cultivar exhibited the highest total 
phenolic content (TPC) in both peeled and unpeeled forms, which corresponded with its 
strong antioxidant activity observed in Figure 2. GBF from the Teep and Theppharot 
cultivars also demonstrated high DPPH radical scavenging activity. The inclusion of peel 
significantly influenced both TPC and antioxidant activity, with peeled samples generally 
exhibiting higher levels than unpeeled ones. 
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Prebiotic Potential and Probiotic Encapsulation 

 GBF from the Taneedam and Theppharot cultivars demonstrated superior prebiotic 

effects, exhibiting the highest colony-forming units (CFU) of P. pentosaceus after three days 

of incubation (Figure 3). Although bacterial growth declined after day three, significant 

survival was observed in GBF from both Theppharot and Taneedam. Based on these results, 

Theppharot GBF was selected for probiotic encapsulation. As shown in Figure 4, the freeze-

drying approach effectively enhanced the viability of the encapsulated bacteria. The 

encapsulated probiotics maintained high viability, with no significant decrease observed from 

one week to one month post-encapsulation, highlighting the potential of Theppharot green 

banana flour as a protective matrix for live probiotic cultures.  

 

 
Figure 1 Total phenolic content of peeled and unpeeled samples from different banana 

cultivars. Values are presented as mean ± standard deviation (SD) of three independent 

replicates (n = 3). Different superscript letters indicate significant differences between 

samples (p < 0.05). 

 

 

 
Figure 2 DPPH radical scavenging activity of peeled and unpeeled samples from different 

banana cultivars. 
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Figure 3 Growth of Pediococcus pentosaceus cultured with green banana flour (GBF) from 

different cultivars. 

 

 
 
Figure 4 Viability of encapsulated probiotic Pediococcus pentosaceus after 1 day, 1 week, 
and 1 month of storage. 
 
Conclusion: 
 Thai green banana flours exhibit cultivar-dependent functional properties. Tanee Pa 
showed the highest phenolic content and antioxidant activity, while Taneedam and 
Theppharot promoted the growth and survival of Pediococcus pentosaceus. Theppharot GBF 
effectively preserved probiotic viability after freeze-drying, highlighting its potential as a 
functional ingredient for gut health. 
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Abstract: 

Neuroinflammation plays a significant role in the progression of neurodegenerative 

diseases, such as Alzheimer's disease (AD), Parkinson's disease (PD), and Amyotrophic 

Lateral Sclerosis (ALS). Neuroinflammation is a response that serves both protective and 

pathological roles in the central nervous system (CNS). However, the prolonged and 

dysregulated neuroinflammation promotes a plethora of adverse effects on the CNS. Apart 

from infection, the neuronal damage caused by hypoxia can stimulate the neuroinflammatory 

response, which is a contributing cause of subsequent neurodegenerative disease. Melatonin 

is an endogenous molecule primarily synthesized in the pineal gland. The physiological role 

of melatonin is to regulate sleep cycles and serve as a potent antioxidant. Recently, melatonin 

has also affected the inflammatory response. Several mechanisms were elucidated to 

investigate the anti-inflammatory role of melatonin. In this study, we studied the anti-

inflammatory effect of melatonin in different concentrations after hypoxia induction in  

the SH-SY5Y cell line. After inducing an oxygen-glucose deprivation/ reperfusion (OGDR) 

condition in the SH-SY5Y cell line, the protein expression related to neuroinflammation,  

the NLRP3 inflammasome, was markedly increased. Different concentration of melatonin 

was added to the reperfusion medium. The results demonstrated that the protein expression of 

the NLRP3 inflammasome was significantly reduced in a concentration-dependent manner. 

This finding led to a further study of the mechanism of melatonin as a potential therapeutic 

agent for neurodegenerative diseases. 

 

Keywords: Melatonin, neuroinflammation, hypoxia, NLRP3 inflammasome  

 

Introduction: 

 Neuroinflammation is defined as an immune response occurring in the CNS. When 

neuroinflammation is activated, immune cells infiltrate the CNS. Additionally, the activation 

of primary resident immune cells, including microglia, is promoted. These activations 

provide protective and detrimental roles to the CNS. Pathogen-associated molecular patterns 

(PAMPs) and Damage-associated molecular patterns (DAMPs) are activators for the innate 

immune system. Especially, DAMPs are endogenous molecules released from damaged or 

dying cells to act as danger signals and initiate an inflammatory response (1). In the context 

of hypoxia, there are several types of DAMPs released from cells, such as heat shock proteins 

(HSPs), mitochondrial DNA (mtDNA), high mobility group box 1 (HMGB1), S100 proteins, 

and extracellular adenosine triphosphate (eATP). These DAMPs could activate innate 

immunity and subsequently promote assembly of the Nod-Like Receptors family Pyrin 

domain containing 3 (NLRP3) inflammasome. The assembly of the NLRP3 complex 

promotes the upregulation of proinflammatory cytokines IL-1 and IL-18, which ultimately 

leads to neuroinflammation (2). 
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 Melatonin is an endogenous molecule primarily secreted by the pineal gland.  
It is a potent free radical scavenger that could eliminate the toxicity of reactive oxygen 
species (ROS). In addition to its antioxidant role, melatonin provides a plethora of protective 
effects, such as anti-inflammation (3). Even though the inhibitory effect of melatonin on 
Nuclear Factor Kappa-light-chain-enhancer of activated B cells (NF-kB) is prominent for 
suppressing inflammatory response (4). However, its protective role on neuroinflammation 
related to the NLRP3 inflammasome under hypoxic conditions is still unclear. The SH-SY5Y 
cell line is widely used in In vitro model for investigating neuroinflammation. Moreover,  
the SH-SY5Y cell line demonstrates the human-specific protein expression, which is suitable 
for studying human neurological disorders. 

 Therefore, this study aims to investigate the effect of melatonin treatment on NLRP3 
expression after inducing hypoxia in SH-SY5Y cells. 
 
Methodology: 

 Cell culture: SH-SY5Y human neuroblastoma cell line (ATCC, CRL-2266) was 
cultured in Minimum Essential Medium (41500-067, Gibco, USA) with Ham's Nutrient 
Mixture F-12 (21700-026, Gibco, USA) (MEM/F12) supplemented with 10% fetal bovine 
serum (A5256701, Gibco, USA), 100 mmol/L of L-glutamine, and 1% of penicillin and 
streptomycin antibiotics. The SH-SY5Y cells were maintained in a humidified atmosphere of 
5% CO2 at 37°C. 

 Hypoxia induction and melatonin treatment of SH-SY5Y cells: The experiment of the 
OGDR was performed according to our previous study (5) as shown in Figure 1. After 80% 
confluency, the SH-SY5Y cell line was cultured in a 60 mm dish at 1.5 x 106 cells/dish in 
complete medium for 24 hours, maintained in a humidified atmosphere of 5% CO2 and 95% 
at 37°C. After that, the cultured medium was removed and washed with phosphate-buffered 
saline (PBS) three times. Subsequently, the FBS and glucose-free MEM/F12 medium were 
added, accompanied by 1% O2 and 5% CO2 at 37°C for 4 hours. After 4 hours, 10% FBS and 
25 mM of glucose were added to the cultured medium together with an adjustment of O2 up 
to the normal level (20%) for the OGDR group for 24 hours. While the melatonin-treated 
group, 10% FBS, 25 mM of glucose, and 10 μM of melatonin were added to the cultured 
medium together with an adjustment of O2 up to the normal level (20%) for 24 hours. 

 

Figure 1 Experimental design for OGDR induced in the SH-SY5Y cell line, and representing 

the period of melatonin treatment 
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Western Blot analysis: The cell pellet was harvested using cold lysis buffer with cold 

PBS. The cell suspension was sonicated to break the cell membrane and extract protein.  
The concentration of total protein was measured using the Bradford assay. An equal amount 

of total protein was separated through 8% Sodium Dodecyl Sulfate–Polyacrylamide Gel 

Electrophoresis (SDS-PAGE). The separated proteins were transferred to PVDF membranes. 

The PVDF membranes were blocked with TBST containing 5% bovine serum albumin 

(BSA) before incubation with anti-NLRP3 primary antibody (PA1665, Boster Biological 

Technology, USA) in a dilution of 1:1,000 overnight at 4°C. They were extensively washed in 

TBST and incubated with anti-rabbit IgG HRP-linked antibody (AP132F, Merck, USA)  
as a secondary antibody for 1.5 hours. The signal was detected by an enhanced 

chemiluminescence method (ECL kit, Biorad) 

Statistical analysis: Data are expressed as means ± SEM from at least three 

independent experiments. Statistical significance (p < 0.05) was determined by a paired 

sample t-test using Graph Pad Prism version 10.6.0 (890) for Windows (GraphPad Software, 

Boston, Massachusetts, USA, www.graphpad.com) 

 

Results: 

OGDR-induced neuroinflammation in the SH-SY5Y cell line 

 Following the OGDR induction, the NLRP3 protein expression was significantly 

increased when compared to the control. However, when melatonin was administered in  

the OGDR induction group, the NLRP3 protein expression was significantly decreased in  

a concentration-dependent manner (Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Relative expression of the NLRP3 protein. (A) Western blot of NLRP3 protein 

extracted from SH-SY5Y cells from different OGDR groups. (B) The protein expression was 

normalized with β-actin. (C) Percent inhibition of melatonin on NLRP3 inflammasome 

expression. The data were presented as a mean  SEM (n=3). *p<0.05 compared to OGDR. 
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Discussion and Conclusion: 

 NLRP3 protein is a component of the inflammasome, which can be activated  

by OGDR. NLRP3 inflammasome is an important mediator of neuroinflammation. In 

addition, neuroinflammation is a pathological hallmark of neurodegenerative disease. 

Therefore, it has been used as a potential target for developing therapeutic tools for several 

diseases, including ischemic stroke and neurodegenerative disorders. 

 In this study, the melatonin treatment after OGDR induction demonstrated  

the reduction of neuroinflammation response by detecting NLRP3 protein expression. 

Moreover, the reduction of NLRP3 protein expression was significantly lower than  

the OGDR group (without melatonin treatment) in a concentration-dependent manner. 

Therefore, further study might need to identify the mechanism of action of melatonin for 

diminishing the neuroinflammation response to promote the development of new potential 

therapeutic for neurodegenerative disease. 
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Abstract: 

HER2-positive breast cancer remains a major cause of cancer-related mortality 

globally and in Thailand, where trastuzumab access is restricted by high costs and lack of 

local biosimilar production. Trastuzumab acts by blocking HER2 signaling and inducing 

antibody-dependent cellular cytotoxicity (ADCC), a function strongly influenced by Fc 

glycosylation. The presence of core α1,6-fucose at Asn297 reduces FcγRIIIa binding, 

whereas partial afucosylation, consistently observed in reference trastuzumab, is essential for 

biosimilarity. However, Chinese hamster ovary (CHO) cells predominantly produce 

fucosylated IgG, limiting equivalence. To combat this, multiple glycoengineering strategies 

like genetic approaches have been employed to enhance afucosylation but raise biosafety, 

intellectual property, and regulatory barriers. As a non-genetic alternative, 2F-Peracetyl 

Fucose (2F-PAF) has been reported to competitively inhibit Fucosyltransferase 8 (FUT8), 

enabling reversible and dose-dependent modulation of core fucosylation. In this study, stable 

CHO expressing trastuzumab biosimilar fed-batch cultures were supplemented with different 

2F-PAF concentrations and assessed for growth, productivity, and product quality by Octet, 

LC-MS, and CEX-HPLC. Supplementation at 10-13 μM reproducibly increased 

afucosylation into the Herceptin® benchmark range while maintaining viability, yield, and 

charge heterogeneity comparing with no treatment control group. These findings demonstrate 

2F-PAF as a scalable strategy for tuning glycosylation, strengthening biosimilarity, and 

supporting affordable trastuzumab production least affordable comparing with genetic 

modification methods. 

 

Keywords: Trastuzumab, 2F-Peracetyl Fucose, afucosylation, CHO cells, ADCC, 

biosimilarity.   

 
Introduction: 

Breast cancer is the leading malignancy among women in Thailand, with 20–30% of 

cases exhibiting overexpression of human epidermal growth factor receptor 2 (HER2),  

a transmembrane tyrosine kinase associated with aggressive disease and poor prognosis. 

Trastuzumab (Herceptin®), a humanized IgG1 monoclonal antibody, has reshaped HER2-

positive therapy by combining direct inhibition of HER2 signaling with immune-mediated 

clearance via antibody-dependent cellular cytotoxicity. The potency of ADCC depends on 

Fc–FcγRIIIa binding, which is markedly reduced by core α1,6-fucose on the conserved Fc N-

glycan at Asn297. In contrast, afucosylated variants demonstrate up to 50-fold stronger 
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FcγRIIIa binding and enhanced effector function (1). A key challenge for biosimilar 

development is that reference Herceptin® consistently displays partial fractional 

afucosylation (~3-9%) (2), whereas Chinese hamster ovary (CHO) cells, the standard host for 

antibody production, typically generate highly fucosylated IgG (>80%) (3) . To address this, 

multiple glycoengineering strategies have been investigated such as gene-editing strategies 

such as Fucosyltransferase 8 (FUT8) knockout that can shift the glycan profile but pose 

regulatory, biosafety, and intellectual property challenges that complicate application.  

An alternative approach is chemical modulation using metabolic analogs. 2F-peracetyl 

fucose (2F-PAF) is a cell-permeable fucose monosaccharide analog that competitively 

inhibits fucosyltransferase 8 in a reversible and dose-dependent manner. This strategy offers 

flexibility, avoids permanent genetic modification, and is compatible with large-scale 

bioprocessing (4). Although 2F-PAF has been shown to reduce fucosylation, its performance 

in fed-batch CHO cultures producing trastuzumab has not been fully defined, especially at 

concentrations that balance afucosylation with yield and product integrity. This study 

addresses this gap by evaluating 2F-PAF in CHO cells producing trastuzumab cultures, 

examining growth, productivity, glycan profile, and charge heterogeneity to establish its 

potential as a scalable strategy for biosimilar trastuzumab production, a least intervention for 

production cell line. 

 

Methodology: 

Cell culture, 2F-PAF treatment, and monitoring of culture performance.  

CHO 1043-6.7 cells producing trastuzumab were cultured in fed-batch mode (37 °C, 8% 

CO₂, 130 rpm). Cultures were inoculated at 0.3 × 10⁶ cells/mL and supplemented with 2F-

PAF concentrations at 0, 5, 10, 11, 12, 13, 14, 15, 20, 50, 100, and 1,000 μM. Growth 

kinetics and viability were monitored daily over 11 days using trypan blue exclusion 

technique. 

Harvest, Protein A purification, and IgG Quantitation 

Supernatants were harvested by centrifugation and filtration, and antibodies were purified by 

protein A affinity chromatography. Eluted fractions were buffer-exchanged into PBS (pH 

7.4) and concentrated to 5–6 mg/mL. IgG titers in crude fractions were quantified by bio-

layer interferometry (Octet®). 

Analytical characterization (CEX-HPLC and LC–MS) 

Fc glycosylation was assessed using LC–MS following IdeS digestion, DTT reduction, and 

determination of fractional abundances of afucosylated and galactosylated species. Charge 

heterogeneity was profiled using CEX-HPLC with a linear NaCl gradient, quantifying acidic, 

main, and basic isoforms at 215 nm. All data were compared with different Herceptin® lots 

(EU and US) as reference products. 

 

Results, Discussion and Conclusion: 

Cell culture performance and productivity 

Untreated CHO cultures reached 14.73 ± 0.27 × 10⁶ cells/mL VCD with IgG titers >2,000 

µg/mL. Supplementation with 2F-PAF (5-50 µM) maintained similar performance (VCD 

14.1-15.6 × 10⁶ cells/mL; titers 2,000-2,400 µg/mL), with 10-15 µM 2F-PAF showing the 

most consistent results (VCD 14.1-14.7 × 10⁶ cells/mL; titers ~2,000-2,400 µg/mL). Higher 

dose of 2F-PAF (100 µM) reduced VCD to 11.1 × 10⁶ cells/mL and titers to ~2,007 µg/mL, 

while 1,000 µM 2F-PAF caused rapid viability loss (<30% by day 7) and culture collapse 
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(0.31 × 10⁶ cells/mL; 52 µg/mL). These results indicate that 5-50 µM 2F-PAF addition to the 

culture represents the optimal range for trastuzumab production based on the highest 

combination of consistent growth, sustained productivity, and minimal detrimental effects 

throughout the culture period (Figure 1).    
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Figure 1  Effect of 2F-PAF on CHO 1043-6.7 cell growth and IgG production. 

(A) Viable cell density (VCD) and cell viability over 11 days at different 2F-PAF 

concentrations (0–1000 μM). (B) Maximum VCD (left y-axis) and IgG titer (right y-axis) on 

day 11 harvest. Data are mean ± SD (n = 2). 

 

Analytical Characterization 

LC–MS analysis demonstrated dose-dependent inhibition of fucosyltransferase 8 (FUT 8) 

with fractional afucosylation rising from ~3% in controls to 6% at 12 μM 2F-PAF addition in 

culture, which are within the ranges of both Herceptin reference product from the US and 

Europe. Fractional galactosylation of trastuzumab produced with the addition of 10-15 μM 

2F-PAF in the culture were well within the ranges of Herceptin reference products (Figure 2).  
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Figure 2 Fc glycan profiling by LC–MS. (A) Afucosylation (% G0 fractional) across PAF 

concentrations. (B) Galactosylation (% G1F fractional) across PAF concentrations. Data 

expressed as repeat injections with ±3 SD, benchmarked against fifteen EU and eleven US 

Herceptin® lots. 
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CEX-HPLC analysis showed that both treated and control growth conditions produced 

antibodies that exhibited a dominant main peak with acidic and basic variants, all within EU 

and US Herceptin® reference ranges (Figure 3). No unexpected charge species were 

detected. Minor and marginal shifts appeared at 20, 50, and 100 µM, while other 

concentrations stayed within reference batch variability, indicating that 2F-PAF does not 

markedly alter trastuzumab charge species, with concentrations 10-15 µM best maintaining 

charge consistency. 
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Figure 3 Charge heterogeneity of trastuzumab by 

CEX-HPLC. (A) Acidic variants at 215 nm. (B) 

Main peak charge purity at 215 nm. (C) Basic 

variants at 215 nm. Data represent repeat injections 

with ±3 SD, benchmarked against fifteen EU and 

eight US Herceptin® lots. 

 

 

 
Conclusion: 

Based on our results, 2F-PAF supplementation provides a controllable and selective 
approach to modulate Fc afucosylation in CHO-derived trastuzumab biosimilars. Within the 
10–12 μM range, it achieves afucosylation levels within the biosimilar-acceptable range 
while maintaining culture integrity, IgG titers, and overall glycosylation profiles. This 
demonstrates that chemical intervention can modulate Fc glycosylation effectively without 
compromising product quality. 
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Abstract: 

Burkholderia pseudomallei is the causative agent of melioidosis, a tropical disease 

common in northern Australia and Southeast Asia. Thailand has the highest incidence and 

mortality rates. Due to its difficulty in diagnosis, melioidosis remains a major health risk.  

The bacterium was also resistant to many drugs, and the infection frequently recurred. 

Research into novel treatment is essential. Although monoclonal antibodies (mAbs) targeting 

capsular polysaccharide (CPS) of B. pseudomallei have emerged as a promising strategy for 

melioidosis treatment, the development of anti-melioidosis mAbs for potential therapeutic 

use remains challenging. In this study, we produce an anti-melioidosis monoclonal antibody 

that binds specifically to the capsular polysaccharide (CPS) of the B. pseudomallei strain 

from 4B11 hybridoma cells and test its functionality for binding to CPS. Results showed that 

the 4B11 hybridoma clone maintained stable viability and cell density over 8 passages, with 

its production curve peaking within five days. Growth curves showed cell viability above 

50% during the 5-day production period. Protein A affinity chromatography was used to 

purify the antibody, which demonstrated a purity of 84% based on SDS-PAGE results. 

Western blot also proved the structural identity and functionality of this antibody. Finally, an 

indirect ELISA showed a high affinity binding to the CPS antigen. Taken together, we 

present the production and characterization of anti-melioidosis (4B11) monoclonal antibody. 

In the future, humanization of this antibody for human use can be explored as a potential 

therapeutic candidate. 

 

Keywords: Monoclonal antibody, melioidosis, Burkholderia pseudomallei, hybridoma cell 

 

Introduction:  

Melioidosis is an opportunistic infection caused by the Gram-negative bacterium 

Burkholderia pseudomallei (1). Melioidosis is widespread in Southeast Asia and Northern 

Australia. Thailand has the highest incidences and deaths, especially in the northeast,  

at a high rate of 4-21 cases per 100,000 people per year (2). Melioidosis is also a common 

cause of community-acquired bacteraemia associated with a 30-day death rate of up to 39% 

despite antibiotic therapy (3). Emergence of antibiotic resistance, diverse clinical symptoms, 

and the likelihood of relapse have posed a challenge for clinical management, emphasizing 

the urgent need for alternative therapeutic and diagnostic methods.  

In recent years, immunotherapy with monoclonal antibodies (mAbs) has shown great 
promise for combating infectious diseases. Monoclonal antibodies can bind specifically to  
the target antigens and elicit different functions, such as neutralizing virulence factors or 
enhancing the clearance of pathogens by activating macrophages. Epitopes of Burkholderia 
pseudomallei, such as capsular polysaccharides (CPS), have been identified as important 
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targets for antibody-based interventions due to their immunogenicity and surface accessibility 
(4). However, the development of monoclonal antibodies targeting the CPS can be challenged 
due to the complexity of the CPS structure. Despite its time-consuming nature, hybridoma 
technology remains a reliable and robust platform for the identification of highly stable and 
specific antibodies. Given the need for novel treatment for melioidosis, we aim to produce 
and characterize an anti-melioidosis monoclonal antibody produced from 4B11 hybridoma 
cells that binds specifically to the capsular polysaccharide (CPS) of B. pseudomallei strain. 
The antibody can be used for detection of K96243 capsular polysaccharide (CPS) antigen by 
Western blot and indirect ELISA. In the future, it is worth exploring the humanization of this 
antibody for human use as a potential therapy alternative.  

 
Methodology: 

Culture of hybridoma cells for monoclonal antibody production 

Iscove’s Modified Dulbecco’s Medium supplemented with 10% fetal bovine serum (FBS) 
was used to cultivate the 4B11 hybridoma cells at 37 °C, 8% CO2. The cells were maintained 
at a density of 1.2 × 106 cells/mL. A hemocytometer coupled with trypan blue dye exclusion 
assay was used to measure the cell density and viability before subculture every two days. 
For growth and production testing, cells at passage 15 were seeded at 0.5 x 106 cells/mL and 
allowed to grow continuously until their viability reduced to 50% as a harvesting criterion. 
Cell density and viability were monitored, and supernatant was sampled every 24 hours. IgG 
concentration on each production day was measured using Octet biolayer interferometry 
(Octet®) coupled with protein A biomass based on the principle of real-time binding kinetics 
between antibody molecules and immobilized ligands. 4B11 hybridoma cells were kindly 
gifted from Dr. Narisara Chantratita. 

Purification of antibodies  

Culture was centrifuged at 5,000 rpm at 4 °C for 10 minutes to collect supernatant. Anti-
melioidosis mAb in supernatant was purified using a Fast Protein Liquid Chromatography 
(FPLC) instrument equipped with a protein A-based column (Cytiva) that was pre-
equilibrated with a binding buffer (20 mM sodium phosphate, 0.15 M NaCl, pH 7.2), 
followed by washing with binding buffer. The bound anti-melioidosis antibody was eluted 
with elution buffer (0.1 M sodium citrate, pH 3.0).  Next, eluted samples were subjected to 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) before Coomassie 
staining (InstantBlue®). ImageQuant was utilized to visualize the gel and determine the 
percentage purity of the eluted fractions.  

Indirect ELISA and Western blot for antibody characterization 

Crude B. pseudomallei K96243 antigen (kindly gifted by Narisara Chantratita) was coated 
onto 96-well plates (2 μg/mL) and incubated at 4 °C overnight. After washing with PBST, the 
plate was incubated with 1% BSA for 1 hour at 25 °C, followed by incubation with two-fold 
serially diluted anti-melioidosis antibody. Plates were washed again with PBST, and then 
goat anti-human IgG H&L conjugated with HRP (Abcam) was added and incubated for  
1 hour at 25 °C. After washing with PBST, the plate was incubated with TMB substrate 
(KPL) for 3 minutes at 25 °C, and quenched with 1 N  H2SO4. The absorbance was measured 
at 450 nm using a Spectramax S5 plate reader (Molecular Devices). For Western blot, crude 
K96243 antigen was separated on an 8% SDS-polyacrylamide gel (Bio-Rad), then transferred 
to nitrocellulose membrane and followed by immunoblotting. 2.6 µg/µL of purified anti-
melioidosis mAb (1:10,000) was used as the primary antibody. 1 µg/µL of goat anti-mouse 
IgG antibody linked with horseradish peroxidase (HRP) (1:10,000, Bio-Rad) was used as  
a secondary antibody. Blots were detected by enhanced chemiluminescence (ECL Prime 
Western Blotting Detection Reagent, GE Healthcare).  
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Results, Discussion, and Conclusion:  

Hybridoma characterization: Cell stability test, growth curve, and productivity  

4B11 hybridoma cells were subcultured every 2 days for 8 passages. In each subculture,  

we measured cell density and percentage viability. Results showed that the 4B11 hybridoma cells 

consistently grew as a suspension culture in the desired condition for 8 passages (Figure 1).  

For growth and production studies, cells sustained a good percent viability for 2 days and 

reduced to 50% between Days 4 and 5 (Figure 2). Protein concentrations gradually increased 

every day, with the maximum IgG concentration approximately 600 µg/mL at day 5 (Figure 3).  

 

Figure 1 The stability of 4B11 

anti-melioidosis hybridoma cells 

over 8 passages. Cells were 

grown as a suspension culture 

and maintained by subculturing 

at an initial seeding of 0.3 x 106 

cells/mL every 2 days. Cells 

were counted before being 

subcultured to calculate cell 

density and percent viability 
 

 

 

 

 

Figure 2 The growth and production curve of 4B11 hybridoma cells. (A) Cells at passage 15 

were allowed to grow continuously until viability dropped to 50%. Viable cell density and 

percentage viability showed a stable growth curve with a gradual decline in viability after 

Day 3. (B) IgG titer (green) by Octet continuously increased every day.  

 

Purification and characterization of mouse anti-melioidosis mAbs  

Protein A column was equilibrated with PBS, pH 7.4 before loaded with supernatant.  

The mAbs were eluted using 50 mM Citrate, pH 3.5. The eluted fractions containing purified 

mAbs were collected before exchanged with PBS, pH 7.4 using centrifugal filters. The FPLC 

chromatogram showed a peak at fraction#3 (Figure 3). SDS-PAGE analysis with reducing 

condition of the PBS-exchanged anti-melioidosis mAb was performed. The observed bands 

were at roughly 50 kDa and 25 kDa, validating the expected molecular weight of heavy and 

light chains of the IgG molecule, respectively. The percentage yield of IgG recovery after 

Protein A column FPLC was determined as 84% based on Octet analysis. 

 

 

 

A B 
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Detection of K96243 capsular polysaccharide (CPS) antigen using Western blot and 

indirect ELISA  

Anti-melioidosis mAbs were also evaluated for their function in antigen recognition by 

Western blot analysis. Figure 4 shows the specific binding of the purified anti-melioidosis 

mAb to K96243 capsular polysaccharide (CPS) in the crude extract, indicating  

the functionality in binding to the denatured form of CPS as previously reported (5). While 

ELISA requires antibodies that recognize the nature form of desired antigen. Here, indirect 

ELISA was performed to test the binding activity of the produced anti-melioidosis mAb. 

K96243 antigen was coated on the plate, and anti-melioidosis mAb was serially diluted and 

tested for binding to the antigen. Results showed that anti-melioidosis mAb can bind to CPS 

with a high affinity (EC50 = 12.9 nM), suggesting a valid functionality of purified anti-

melioidosis mAb for both Western blot and ELISA applications.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 FPLC chromatogram and purity of anti-melioidosis mAb. Protein A column was 

used to purify the supernatant. The chromatogram showed a single peak elution of 4B11 

mAb. SDS-PAGE indicated the expected bands of 25 and 50 kDa for light and heavy chains, 

respectively. Percentage purity was determined as 84%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 Western blot analysis and indirect ELISA for detection of K96243 CPS. (A) 

Western blot result shows that the mAb specifically bound to the K96243 CPS in both 

reduced and non-reduced conditions at the molecular weight > 250 kDa, and a target band at 

150 kDa of anti-melioidosis mAb. (B) Indirect ELISA showed a binding activity with EC50 of 

12.9 nM. 

B 
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Abstract: 

Ferroptosis is an iron-dependent and membrane lipid peroxidation-mediated form of 
programmed or regulated cell death. A number of recent studies have demonstrated that 
ferroptosis contributes to neurodegeneration-mediated nerve cell death. The pathology of 
neurodegenerative disease has been investigated to identify underlying mechanisms and 
determine efficient therapeutic strategies. Melatonin, a functionally versatile natural 
indoleamine, has shown promise in deferring neurodegenerative processes. Recent studies on 
melatonin also have identified its efficacy in mitigating key events of ferroptosis, introducing 
it as an anti-ferroptosis agent. In this study, we studied the effects of melatonin on HT-22 
cells-induced ferroptosis using erastin. To confirm the occurrence of ferroptosis, we 
conducted measurements of cell cytotoxicity. The result showed that elastin decreased the 
cell viability and disrupted the regulation of glutathione peroxidase 4 (GPX4), proteins 
involved in ferroptosis. Following melatonin treatment, cell viability and the expression of 
GPX4 were increased. This study demonstrated that melatonin could effectively inhibit the 
pathological effects caused by erastin in HT-22 cells and further research is needed to 
confirm melatonin’s efficacy in these pathological conditions, both in animal models and 
clinical trials. 
 
Keywords: Melatonin, neurotoxicity, ferroptosis, glutathione peroxidase 4  
 
Introduction: 

Ferroptosis is a form of programmed cell death driven by iron-dependent lipid 
peroxidation.  It can be triggered through either the extrinsic or the intrinsic pathway.  
The extrinsic pathway is initiated through the regulation of transporters (e.g., inhibition of the 
amino acid antiporter system xc− or activation of the iron transporters transferrin and 
lactotransferrin), whereas the intrinsic pathway is mainly induced by blocking the expression 
or activity of intracellular antioxidant enzymes, such as glutathione peroxidase 4 (GPX4) (1).  
Erastin, a well-known ferroptosis inducer, triggers cell death by inhibiting system Xc⁻ ,  
a cystine/ glutamate antiporter, leading to glutathione ( GSH)  depletion and subsequent 
inactivation of glutathione peroxidase 4 ( GPX4)  (2).  Since GPX4 plays a crucial role in 
protecting cells from lipid peroxidation, its suppression leads to oxidative stress and 
ferroptotic cell death (3).  

Melatonin is a potent antioxidant that exerts neuroprotective effects through direct 
free radical scavenging and by enhancing the activity of endogenous antioxidant enzymes (4). 
However, its role in ferroptosis regulation, particularly in erastin-induced ferroptosis, remains 
unclear.  HT-22 cells, a mouse hippocampal neuronal cell line, are commonly used to study 
ferroptosis due to their susceptibility to oxidative stress and glutathione depletion. Therefore, 
this study aims to investigate the effect of melatonin on the expression of GPX4 in erastin-
induced ferroptosis in HT-22 cells. 
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Materials and Methods: 

Cells culture  

Murine hippocampal neuroblastoma HT-22 cells (ATCC, Manassas, VA, USA) were 

cultured in a 75 cm² flask, with 10 mL of high-glucose DMEM (Dulbecco’s Modified Eagle 

Medium; Gibco, Thermo Fisher Scientific, Inc., Massachusetts, USA), 10% heat-inactivated 

fetal bovine serum (FBS), 100 mmol/L L-glutamine, and 1% antibiotics (penicillin and 

streptomycin)   supplemented with 10% fetal bovine serum (FBS; Gibco, Gaithersburg, MD, 

USA), and 1mM Na-pyruvate at 37C in a humidified atmosphere containing 5% CO2. 

Cell viability MTT (tetrazolium) assay 

  The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide; PanReac 

AppliChem, Darmstadt, Germany) reduction assay was used to determine cell viability.  

HT-22 cells were seeded in 96-well plates at a density of 8,000 cells/well 18 h prior to 

receiving various experimental treatments. Cells were treated with erastin at various 

concentration (0, 0.5, 1, 1.5, 2, and 2.5 µM) for 24 h. Afterwards, MTT at a final 

concentration of 0.5 mg/mL was added to each well and incubated for 4 h at 37°C under 5% 

CO2. After incubation, the MTT-containing medium was removed, and 100 μL of DMSO was 

added to each well to dissolve the MTT formazan. The absorbance of the MTT formazan was 

measured at 590 nm with a reference wavelength of 650 nm using a microplate reader.  

The final absorbance was calculated by subtracting the value at 650 nm from the value at 590 

nm, and the background absorbance from blank wells (containing medium and MTT without 

cells) was further subtracted from all wells. 

Treatment of HT-22 cells 

HT-22 cells were seeded in a 24-well plate containing a poly-L-lysine-precoated 

coverslip and cultured for 24 h under standard conditions. Cells were pretreated with 100 µM 

melatonin (Mel) for 2 h before co-treatment with 0.5 µM Erastin (5) for another 18 h in 

DMEM supplemented with 1% fetal bovine serum, and 1mM Na-Pyruvate and incubate at 

37C in a humidified atmosphere containing 5% CO2 for 18 h (Figure 1). 

 
 

Figure 1 Time line of the experiment. 

 

Immunofluorescence staining of HT-22 cells 

 HT-22 cells were fixed with 4% paraformaldehyde in PBS for 20 minutes and then 

washed three times with PBS. The cells were permeabilized using PBS containing 0.1% 

Triton X-100 for 15 minutes at room temperature (RT), followed by three washes with PBS. 

Blocking was performed using 10% normal goat serum (NGS) in PBS for 1 h at RT. The cells 

were then incubated with primary antibodies (anti-GPX4 1:200) overnight at 4°C. After 
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primary antibody incubation, cells were washed and incubated with Alexa Fluor 568-

conjugated goat anti-rabbit secondary antibody at a 1:500 dilution in PBS containing 10% 

NGS for 1 h at RT. Following additional washes with PBS, the cells were mounted using an 

antifade reagent and nuclei were counterstained with 10 µg/mL DAPI. Fluorescent signals 

were visualized using the FV3000 confocal laser scanning microscope (Olympus, Tokyo, 

Japan).  

Statistical analysis 

The data were expressed as the mean and standard error of the mean (Mean ± SEM). 

Statistical analyses were performed by one-way ANOVA followed by Tukey's multiple 

comparisons test using Graph Pad Prism version 10.6.0 (890) for Windows (GraphPad 

Software, Boston, Massachusetts USA, www.graphpad.com).  The p values < 0. 05 were 

considered statistically significant 
 

Results: 

Erastin-induced neurotoxicity in HT-22 cells 

Dose-response tests evaluated the effect of treatment of HT-22 neurons with and 

showed decreased survival of neurons over time (MTT assay). Erastin decreased significantly 

the viability of hippocampal HT-22 neurons at 0. 5-2. 5 µM erastin (Figure 2).  For further 

study, we selected the 0.5 µM erastin. 
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Melatonin protected erastin-induced neurotoxicity 

Following treatment with melatonin at concentrations of 1, 10 and 100 µM, cell 

viability significantly increased compared to erastin treatment alone as shown in Figure 3.  

Moreover, none of the doses of melatonin was cytotoxic to the HT-22 cells compared to their 

vehicle control as shown in Figure 3.   Moreover, the %  cell viability remained unchanged 

when cells were treated with either the vehicle control (EtOH, DMSO). The results suggest 

that erastin induces neurotoxicity, while melatonin alleviates this effect, significantly 

enhancing the viability of HT-22 cells. 
 

Figure 2 Cell viability of HT-22 cells under various 

concentrations of erastin treatment. The effect of 

erastin induced neurotoxicity in HT-22 cells was 

assessed using MTT assay. Cell viability of HT-22 

cells after treatment with different (0.5, 1, 1.5, 2, 2.5 

µM) concentrations of erastin for 24 h. The data were 

presented as mean ± SEM (n=3).  * p<0.05,  
****p<0.0001 compared to the vehicle control.   
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Melatonin attenuated erastin-suppressed expression of GPX4 in HT-22 cells 

Immunocytochemistry analysis was performed to visualize GPX4 ( glutathione 

peroxidase 4)  expression under different experimental conditions using DAPI for nuclear 

staining (cyan) and an antibody against GPX4 (red) (Figure 4). In the control group, GPX4 

expression was prominently detected in the cytoplasm, indicating normal antioxidant enzyme 

activity.  In the 0. 1 µ M erastin-treated group, GPX4 fluorescence intensity was visibly 

reduced, indicating that erastin downregulates GPX4 expression, consistent with its role in 

inducing ferroptosis.  However, in the 0.5 µ M erastin +  100 µ M melatonin group, GPX4 

expression was partially restored compared to the erastin-only group, suggesting that 

melatonin helps restore GPX4 levels and may protect against ferroptosis.  In the melatonin-

only group, GPX4 expression remained similar to the control group, suggesting that 

melatonin alone does not alter GPX4 expression under normal conditions. These findings 

suggest that erastin suppresses GPX4 expression, contributing to ferroptosis, while melatonin 

may counteract this effect by preserving GPX4 levels. 
 

 
 

Figure 3 Melatonin increases cell viability in erastin-

induced neurotoxicity. The effect of melatonin (Mel), on 

erastin induced neurotoxicity in HT-22 cells was assessed 

using MTT assay. DMSO served as the vehicle control for 

erastin treatments, while EtOH was used as the vehicle 

control for melatonin treatment.  The final concentrations 

of DMSO and EtOH were 0.01% and 0.046%, respectively.  

Cell viability of HT-22 cells after treatment with either Mel 

or 0.01% DMSO or 0.046% ethanol for 24 h.  Cell viability 

of HT-22 cells after Mel treatment for 1 h, followed by 

erastin treatment for 24 h.  The data were presented as 

mean ± SEM (n=3).  ***p<0.001 compared to the vehicle 

control   and  #p< 0.05  compared to erastin treatment 

alone. 

Figure 4 Immunostaining of Glutathione Peroxidase 4 

(GPX4) in HT-22 Cells. HT-22 cells were pretreated with 

Mel for 2 hours before co-treatment with erastin for an 

addition 18 hours. Cells were stained with a GPX4-specific 

antibody (red), while nuclei were counterstained with 

DAPI (cyan). Fluorescence images were captured using the 

confocal laser scanning microscope (Olympus, Tokyo, 

Japan). Scale bar = 20 µm. 
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Discussion and Conclusion:  

The major findings of the present study are as follows: 1) erastin, a well-known 

ferroptosis inducer, decreased cell viability in HT-22 cells; 2) melatonin increased cell 

viability of elastin-induced neurotoxicity; 3) elastin caused the reduction of ferroptotic 

protein, GPX4, while melatonin increased the expression of GPX4 in elastin- treated cells. 

Melatonin could reduce neuronal cell death caused by ferroptosis.  Additionally, the findings 

reinforce that melatonin may be used as an innovative medicine for prevention or treatment in 

ferroptosis-mediated neurodegeneration. 
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Abstract:  

Manganese is a naturally occurring trace metal that is also introduced into  

the environment through anthropogenic activities. While it is essential for numerous 

physiological functions, prolonged exposure to elevated levels of manganese has been 

associated with adverse health outcomes, including neurotoxicity and inflammation. In silico 

studies have suggested a potential pro-inflammatory role of manganese; however, the precise 

molecular mechanisms underlying manganese-induced inflammation remain poorly 

understood. Rutin, a well-characterized flavonoid, exhibits diverse therapeutic properties, 

including notable anti-inflammatory activity. Despite this, its role in modulating manganese-

induced inflammation has not been comprehensively investigated. In this study, RAW 264.7 

macrophage cells were exposed to various concentrations of manganese chloride for 24 hours 

to simulate acute exposure conditions. Differentially expressed genes (DEGs) were identified 

and analyzed using Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes 

(KEGG) pathway enrichment, protein–protein interaction (PPI) networks, and molecular 

clustering. Further analyses included transcription factor profiling, disease association 

mapping, and tissue specificity using the Metascape platform. Publicly available manganese 

exposure datasets from the Gene Expression Omnibus (GEO) were utilized to validate hub 

genes. Experimental validation was conducted through ELISA and immunoblotting to assess 

key inflammatory markers. The findings from this study provide novel insights into the 

molecular mechanisms of manganese-induced inflammation and support the potential of rutin 

as a therapeutic agent for mitigating these effects. 

 

Keywords: Manganese, inflammation, bioinformatics, rutin, macrophage    

Introduction:  

Manganese is an essential trace element necessary for normal physiological functions. 

Manganese is a naturally abundant element, widely distributed in the environment through 

both natural processes and human activities. Natural sources of manganese include the earth’s 

crust, water, soil, air, and various food items. Anthropogenic activities contributing to 

environmental manganese contamination encompass the discharge of municipal wastewater, 

sewage sludge application, mineral processing and mining operations, emissions from iron, 

steel, and alloy production, as well as fossil fuel combustion.  

Previous studies have demonstrated that manganese toxicity is associated with a range 

of adverse health outcomes, including inflammation, Parkinson’s disease, cognitive and 

behavioral impairments, hepatic damage, and detrimental effects on the respiratory and 

reproductive systems. Specifically, manganese-induced inflammation significantly affects the 

brain and other tissues by promoting oxidative stress and disrupting cellular and immune 

responses. Rutin, a flavonoid compound, has been recognized for its diverse therapeutic 

properties, notably its anti-inflammatory activity. there is currently no evidence regarding its 
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efficacy in mitigating manganese-induced inflammation in immune cells. Although several 

studies have documented the effects of manganese toxicity on immune responses,  

the underlying molecular mechanisms by which manganese affects immune cell function 

remain insufficiently characterized. 

Environmentally relevant concentrations of manganese have been shown to modulate 

immune responses by altering the expression of key regulatory genes. The objective of this 

study was to elucidate the underlying molecular mechanisms by which manganese influences 

inflammation in the RAW 264.7 macrophage cell line. Additionally, this study analyzed the 

resulting dataset to predict potential links between manganese-induced immunomodulation 

and the development of immune-related disorders, including autoimmune and inflammatory 

diseases, as well as impaired immune function. Furthermore, the study assessed the anti-

inflammatory effects of rutin on inflammation triggered by manganese toxicity. 

 

Methodology: 

For in silico analysis a microarray dataset was obtained from publicly available 

resources in the PubMed database based on a predefined selection criterion using  

the keyword "manganese exposure." Specifically, the Gene Expression Omnibus (GEO) 

dataset GSE214181 was selected for analysis. This dataset comprises gene expression 

profiling conducted via microarray technology in human subjects. The GSE214181 dataset, 

consisting of six samples divided into two groups—manganese-exposed and control—was 

downloaded for further investigation. Differentially expressed genes (DEGs) were identified 

using the GEO2R web tool. 

The Database for Annotation, Visualization, and Integrated Discovery (DAVID) 

bioinformatics tool was employed to identify significantly enriched genes associated with 

functional categories. Gene ontology (GO) analysis, encompassing biological processes, 

molecular functions, and cellular components, was conducted using DAVID. Ten 

differentially expressed genes (DEGs) were selected for further investigation of their 

associated biological processes and signaling pathways using the graphical tool ShinyGO 

version 0.77. To elucidate the functional roles of the DEGs, Kyoto Encyclopedia of Genes 

and Genomes (KEGG) pathway analysis was performed. KEGG serves as an integrated data 

mining resource for the interpretation of biological pathways from genomic sequences. 

Pathway analyses focused on significantly enriched pathways, applying a significance 

threshold of p < 0.05. To explore the protein–protein interaction (PPI) networks of the 

differentially expressed genes (DEGs), a protein interaction network was constructed using 

Metascape. Modular clustering technique was used to groups genes, proteins, and other 

biological entities based on their similarities, allowing for the identification of natural clusters 

within the dataset. 

For in-vitro experiment, RAW 264.7 macrophage cells were cultured in Dulbecco’s 

Modified Eagle’s Medium (DMEM) supplemented with 10% fetal bovine serum (FBS), 1% 

penicillin-streptomycin, and 1% L-glutamine. Cells were maintained in a humidified 

incubator at 37 °C with 5% CO₂ and 95% air. To validate the findings derived from the in-

silico analysis, additional experiments including MTT assay for cell viability, 

immunoblotting analysis, and ELISA were performed on the cell line. 
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Results, Discussion and Conclusion: 

Differential gene expression analysis between untreated and manganese chloride-

treated samples revealed that 26,573 genes were upregulated, while 27,045 genes were 

downregulated. The top ten differentially expressed genes (DEGs) were selected for further 

investigation. Gene Ontology (GO) enrichment analysis indicated that the predominant 

biological processes (BP) involved were the carboxylic acid metabolic process, oxoacid 

metabolic process, and response to cytokine. Enrichment analysis of cellular components 

(CC) highlighted significant representation of the cytoplasmic vesicle lumen, lytic vacuole, 

and lysosome. For molecular functions (MF), notable enrichment was observed in lipoprotein 

particle activity, monosaccharide binding, and magnesium ion binding. Kyoto Encyclopedia 

of Genes and Genomes (KEGG) pathway analysis revealed significant enrichment in  

the NF-κB signaling pathway, tumor necrosis factor (TNF) signaling pathway, and C-type 

lectin receptor signaling pathway. These pathways are well-documented for their roles in 

immune regulation and inflammation.  

Specifically, the NF-κB pathway is critical for modulating gene expression in immune 

and inflammatory responses, TNF-α functions as a key pro-inflammatory cytokine, and  

the C-type lectin receptor signaling pathway contributes to immune system modulation and 

inflammation. In vitro experiments corroborated these findings, showing that exposure of 

RAW 264.7 cells to manganese chloride induced the release of pro-inflammatory cytokines 

TNF-α and NF-κB proteins. A network-based analysis of enriched terms, organized by  

p-values, demonstrated that terms with higher numbers of DEGs tended to exhibit greater 

statistical significance. For visualization, the most significantly enriched term (i.e., with the 

lowest p-value) was selected from each of 20 clusters, with no more than 15 terms per cluster 

and a maximum total of 250 terms. Network analysis further revealed that carboxylic acid 

metabolism, immune signaling, adaptive immune response, and inflammatory response were 

closely interconnected, suggesting that alterations in one pathway may influence others.  

Disease enrichment analysis identified associations with conditions such as malignant 

glioma, myocardial ischemia, and juvenile arthritis. Tissue-specific expression analysis 

indicated that DEGs were predominantly enriched in blood, smooth muscle tissue, and 

CD33+ myeloid cells. Finally, transcription factor analysis using the TRUST database 

identified NFKB1, SP1, RELA, ATM, and JUN as the most significantly enriched 

transcription factors regulating the DEGs. 

 

 

Figure 1 (A) Identification of differentially expressed genes (DEGs) between untreated and 

manganese chloride treated. (B) The KEGG (Kyoto Encyclopedia of Genes and Genomes) 

pathway analysis showed NF-kappa B signaling pathway was the most enriched pathway. 
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Figure 2 (A) Protein expression of p65. (B) Relative expression of p65. The data are 

represented as means ± SEMs (n=3) and each protein was normalized to the levels of β-actin, 

***P <0.001 compared with untreated group, and ###P <0.001 compared with MnCl2 exposed 

group, were considered as significant. 

 

This study employed both in silico and in vitro approaches to investigate the effects of 

manganese exposure on inflammation and its potential link to related diseases.  In 

silico analysis was performed using Homo sapiens datasets, while the in vitro experiments 

were conducted on the RAW 264.7 macrophage cell line derived from mice. Findings from 

both approaches consistently demonstrated that exposure to toxic levels of manganese 

induces inflammatory responses. 

Pathway enrichment analysis identified the NF-κB signaling pathway, TNF-α 

signaling, and cytokine-mediated immune signaling as the most significantly activated 

pathways upon manganese exposure—pathways that are strongly associated with the 

inflammatory response. Following this, the anti-inflammatory potential of rutin was evaluated 

in RAW 264.7 cells pre-exposed to manganese. The results indicated that rutin effectively 

reduced NF-κB protein levels in the cell lysate, suggesting that it attenuates manganese-

induced inflammation. 

In conclusion, the study confirms that manganese toxicity can trigger inflammatory 

signaling pathways, and rutin possesses anti-inflammatory properties capable of mitigating 

these effects. These findings suggest a potential therapeutic application of rutin in conditions 

involving manganese-induced inflammation. 
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Abstract:  

This study synthesized data on microplastic abundance and characteristics within 

Thailand from 118 peer-reviewed publications (2017–2024). Predominant microplastic 

presence in crustaceans ranged of 1.69–160.15 items/g, followed by Mollusca (0.03–9.5 items/g) and 

fishes (0.01–28.17 items/g), with higher abundances in wastewater (4× 102 to 6.09 × 105 items/m3) 

compared to that in freshwater (1.44–2.92× 106 items/m3) and seawater (2.70× 10-1 to 

6.25× 104 items/m3). Marine sediments (48.3–2.13×1 0 4  items/kg) also showed significantly 

higher microplastic concentrations than terrestrial sediments (3 –2 . 9 2 ×1 03  items/kg). 

Predominant microplastics were identified as fibers (59.36% and 35.05% for biological and 

environmental samples, respectively) and fragments (24.14%, 30.68%) in blue (25.95%, 

18.64%), and colorless/transparent (20.01%, 14.47%), primarily composed of polyethylene 

terephthalate (19.46%, 9.19%), nylon (3.23%, 9.99%), polypropylene (19.78%, 24.23%), and 

polyethylene (14.81%, 11.66%). The potential ecological risk was low in all ecosystems 

except for wastewater. This study has compiled up-to-date insights into the prevalence, 

distribution, and risks associated with microplastics, which is instrumental in formulating 

effective strategies for contaminant control and ultimately reducing plastic pollution. 

 

Keywords:  Microplastics, Thailand, ecological risk 
 

Introduction:   

Thailand is the sixth largest contributor of marine debris globally and ranks fourth in 

Asia (Jualaong et al., 2023; Marks et al., 2020). Microplastic research in Thailand began in 

2004, suggesting that the widespread use of plastics began in the 1960s (Matsuguma et al., 

2017). This inference is supported by the notable increase in microplastics found in sediment 

cores, with a significant increase observed from the 6–12 cm layer (1990s) to the surface 

layer (2000s) (Matsuguma et al., 2017). The effects of microplastics on human health have 

received considerable attention. Microplastics are found to compromise tissues and organs in 

the digestive, nervous, respiratory, reproductive, and cardiovascular systems, leading to 

various diseases and human health disturbances (Liu and You, 2023). Several review papers 

have been published on microplastic pollution in Southeast Asia (SEA). For instance, the 

pollution levels of microplastics in water, sediment, and aquatic organisms from Southeast 

Asian Nations have been summarized (Gabisa and Gheewala, 2022; Sin et al., 2023). 

Although these reviews have enriched our understanding of microplastic pollution in 

Southeast Asia, an evident gap exists owing to the absence of comprehensive meta-analyses 

and discussions on the ecological risks posed by microplastics in Thailand. This study aims to 

(1) synthesise available evidence regarding microplastic pollution across water, sediment, and 

biota in Thailand and (2) assess the potential risks linked to microplastics from terrestrial and 

marine environments via a national meta-analysis. Understanding the environmental risks and 

exposure consumption of plastic pollution will help create a more comprehensive 

understanding of the ecological implications and human health risks. 
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Methodology:   

Literature search and data processing 

The collected studies were rigorously reviewed from two databases, Scopus and 

Google Scholar, using the following keywords: (“Microplastic pollution in Thailand”), and 

(“microplastic AND pollution AND in AND Thailand”). The information was categorized 

based on the following criteria: (1) the sampling site should be in Thailand; (2) abundance 

and occurrence in the environment (water, sediment, and biota (e.g., various aquatic species 

and products)); and (3) the studies must have data on one of the following microplastic 

characteristics (abundance, shape, size, colour, and polymer types). For comparative analysis, 

the units for microplastic abundance were recorded or recalculated in items/m3 for the water 

samples. For the sediment samples, items/kg dry weight units were used or recalculated from 

published data. For biota samples, items/g wet weight units and items/ individuals were 

obtained from published data. 

 

Pollution load index 

The integrated pollution load index (PLI) method developed by Tomlinson et al. 

(1980) employs concentration factors (CFi) to assess microplastic pollution levels in aquatic 

environments, including water and sediment (Nyaga et al., 2024). The contamination factor 

(CFi) is the ratio of the microplastic concentration (Ci) at each site to the background value 

(Coi) (Gurumoorthi and Luis, 2023). The CFi and PLI were estimated using: 

 

CFi =                                                                                                               Eq. (1) 

PLI =                                                                                                            Eq. (2) 

 

The PLI was categorized into four pollution risk levels: <10 (low level), 10–20 

(medium 119 level), 20–30 (high level), and >30 (extremely high level). 

 

Polymer hazard index 

The polymer hazard index (PHI) was derived from the concentrations and chemical 

compositions of various types of MPs, incorporating a hazard score for each (Xu et al., 2018). 

Hazard scores sourced from Lithner et al. (2011). PHI was calculated as follows: 

 

PHI =                                                                                             Eq. (3) 

where Pn is the percentage abundance of each polymer in each sample and Sn is the 

corresponding hazard score of the polymer type. The PHI is also classified into four risk 

levels: values < 10 represent risk level I, 10–100 represent risk level II, 100–1000 risk level 

III, and >1000 represent risk level IV. 

 

Potential ecological risk index 

The potential ecological risk index (PERI) was calculated to assess the ecological, 

environmental, and hazardous effects of microplastics, following the methodology outlined 

by Ranjani et al. (2021) with the following equations: 
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𝐶𝐹𝑖 =                                                                                                              Eq. (1) 

Ti =                                                                                                Eq. (4) 

PERI = 𝐶𝐹𝑖 × 𝑇i                                                                                                                                                                Eq. (5) 

Ti is the toxicity coefficient, expressed as the sum of the polymer proportion (Pn)  

as a fraction of the concentration of microplastics at the sampling site (Ci), multiplied by 

 the hazard score of the respective polymers. PERI values were categorized as: <150 level I, 

150–300 level II, 300–600 level III, 600–1200 level IV, and >1200 level V. 

Results, Discussion and Conclusion: 

Ecological risk assessment of microplastics 

The pollution loads for the water and 

sediment were estimated based on PLI (Fig. 

1A). A high pollution load (category III) was 

detected in the seawater at an average of 20.58. 

The PLI for freshwater was 18.32 and classified 

as Category II or medium. Overall, wastewater 

(7.79), terrestrial sediment (7.36), and marine 

sediment (2.97) were classified as Category I or 

low-level risk.  

The hazard level was in the range of I–

III based on the PHI values (Fig. 1B). The 

overall PHI of the water and sediment were 

calculated from the average polymer 

composition of microplastics and their 

respective hazard scores. The highest reported 

hazard level was found in wastewater (326.28) 

owing to the abundance of microplastics with 

high hazard scores, such as polyurethane (PUR) 

with a high hazard score of 13,844 and a 

percentage of 16%. The second highest PHI was 

found in freshwater (188.23) because of the 

presence of polyvinyl chloride (PVC: 5001) and 

polymethyl methacrylate (PMMA:1021), 

followed by marine (169.33) and terrestrial 

sediments (91.9). The lowest PHI was observed 

in seawater (7.62), which was classified as risk 

level I. The abundance of microplastics  

in seawater is composed of low-hazard polymers, 

that is, PE and PP, as the dominant types, 

reflecting a minor risk.  

 

 

Figure 1 Risk of microplastic pollution in 

Thailand. The pollution load index (PLI) in 

water and sediment (A), polymer risk 

assessment index (H Index) in water and 

sediment (B), and potential ecological risk 

index (PERI) in waters and 

sediment (C). 
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The PERI index of microplastics considers the effects of the abundance and polymer 
type on the ecological risk of microplastics (Gurumoorthi and Luis, 2023). In Thailand, 
average PERI values were reported as 130.71 for freshwater, 28.21 for seawater, 905.71 for 
wastewater, 30.63 for terrestrial sediments, and 5.49 for marine sediment, respectively (Fig. 
1C). Most PERI values calculated in this review fell below 150 (Level I), except for 
wastewater, which was classified as level IV. The highest PERI value was attributed to the 
dominance of polyurethane (PUR) microplastics, which constituted 16% with a hazard score 
of 13,844. 

 
Conclusion: 

This information provides the basis for regulations as well as the design, 
prioritization, and timing of solutions. Microplastics may be transmitted to humans through 
the consumption of plastic-tainted aquatic organisms.  This raises concerns about the 
potential health impacts, as research on the direct effects of microplastic ingestion by humans 
is limited. Understanding the extent of microplastic pollution, environmental risks, and 
exposure to plastic pollution is crucial for developing informed strategies to mitigate plastic 
pollution and safeguard human well-being. 
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Abstract: 

 This study aimed to evaluate the recycling of used beverage cartons (UBCs) through  

a passive collection system in Thailand. The specific objectives are: (1) to determine  

the proportion of UBCs present in waste paper supplied to paper mills, and (2) to estimate  

the total quantity of UBCs in waste paper streams, including the expected recyclable 

materials (paper pulp) and residual wastes (polyethylene and aluminium foil). The study 

employed both primary and secondary data. The physical waste sampling of both old 

corrugated containers (OCC) and mixed paper (MP) were conducted at six paper mills and 

four large-scale baling facilities. The findings indicated that used beverage cartons (UBCs) 

were present only in the mixed paper (MP) grade. The study found that the average UBC 

content in MP was 0.029% ± 0.040%. The annual quantity of UBCs embedded in MP 

domestic collection was estimated from 157 to 162 tonnes between 2020 and 2023. Of these, 

approximately 153 tonnes of used beverage cartons (UBCs) were processed annually at 

domestic paper recycling mills, yielding about 84 tonnes of recyclable pulp converted into 

Kraft paper and 46 tonnes of Poly-Alu residue, which was utilized as an alternative fuel either 

internally in boilers or externally in cement and power plants. 

 

Keywords: Used beverage cartons (UBCs), waste paper, mixed paper (MP), recycling 

 

Introduction: 

 Beverage cartons (BCs), including both ultra-high temperature (UHT) and pasteurized 

types, are multilayer packaging materials typically composed of approximately 75% 

paperboard, 20% polyethylene, and 5% aluminum foil [1]. Recycling used beverage cartons 

(UBCs) is significantly more complex than it appears. Their multilayered composition makes 

material separation during recycling technically challenging. Standard paper mills are unable 

to process UBCs without specialized equipment [2]. In terms of sorting and collection, UBCs 

are often disposed of through co-mingled waste streams alongside other recyclables, which 

complicates identification and recovery. Contamination from residual liquids or food further 

reduces their efficient sorting and collection for recycling. Additional barriers include the low 

market value of recovered materials, particularly the plastic and aluminum fractions, and the 

lack of enforcement of extended producer responsibility (EPR) in certain regions. Moreover, 

limited public awareness regarding proper disposal and recycling options for UBCs continues 

to hinder effective recovery. An efficient collection process is key for successful recycling; 

therefore, many countries have established UBC collection systems to achieve UBCs 

recycling. These systems vary significantly across regions, with European countries typically 

adopting two main approaches. The first and most common method involves co-collecting 

UBCs with lightweight packaging, a system implemented in the Netherlands, Germany and 

mailto:suphaphat.kwo@mahidol.ac.th
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Belgium. The second approach is co-collecting UBCs with paper-based packaging, which 

operate in Norway, Sweden and Finland. Some countries mixed collection with both 

lightweight and paper packaging (e.g., Italy) and some countries (e.g., Switzerland), have 

established separation of UBC collection systems [3]. High recycling rates of up to 70–90% 

have been reported in certain countries, such as Germany and Belgium.  

In Thailand, less than 100 thousand tonnes of beverage cartons (BCs) are consumed 

annually, all of which are disposed of as waste within the same year [4]. The annual 

collection for recycling has been reported at a very low quantity, primarily driven by active 

campaigns initiated by private sector stakeholders [4,5] — a pattern that contrasts with 

practices in European countries. However, beyond these targeted efforts, UBCs are often co-

disposed with waste paper stream due to their paper-based composition and similar external 

appearance—a practice hereinafter referred to as “passive collection for recycling”. 

Internationally, the proportion of beverage cartons (BCs) present in waste paper streams 

varies considerably: approximately 0.5% in the European Union [6], between 0.01% and 

1.7% in India [7,8], 0.6% in Italy, and as high as 15–16% in Denmark and Sweden [9,10]. In 

Thailand, the flow pathway of used beverage cartons (UBCs) co-disposed with waste paper 

typically passes through informal channels—such as waste pickers, saleng, and waste 

dealers—and ultimately leads to recycling at paper recovery facilities.  

In addition to formal (active) collection efforts aimed at pure recycling, Thailand has 

not yet documented any data on passive UBC collection practices. Therefore, this study aims 

to assess passive collection of UBCs for recycling at paper recovery facilities. The objectives 

of this study are: (1) to determine the proportion of used beverage cartons (UBCs) present in 

waste paper supplied to paper mills, and (2) to estimate the total quantity of UBCs in waste 

paper streams, including the expected recyclable fraction (paper pulp) and residual 

components (polyethylene and aluminium foil).   

  

Methodology:  

 Scope and system boundary: The study focuses on the passive collection of UBCs, 

referring to cartons embedded within waste paper streams. Due to their similarity to other 

waste paper, UBCs enter the recycling chain alongside old corrugated containers (OCC) and 

mixed paper (MP). They typically move from households and commercial sources to small 

and medium-sized waste dealers, then to large-scale waste buying and baling facilities, where 

they are compacted into bales. From there, UBCs are transported to paper mills, where the 

fiber content can be partially recovered, while non-fiber residues such as Poly-Alu are 

rejected or managed through alternative disposal and recycling options. 

 Data collection: The study used both primary and secondary data. Primary data were 

obtained from UBCs in waste paper streams at paper recycling mills and large-scale baling 

facilities through physical waste sampling, conducted inside paper mills and at the exit points 

of baling plants using a manual sampling technique described in steps 1–5 below. Secondary 

data were obtained from government reports, industry associations, international 

organizations, and previous research. 

 1. Randomly select at least five representative compressed bales per facility. 

 2. Cut the wires and break apart each bale for sampling 

 3. Randomly select two samples of 50 kg each per bale or a minimum of 100 kg per bale 

 4. Sort UBCs out from each sample and weight it 

 5. Record the results  

All samples of waste paper and UBCs were weighed on a wet weight basis. 
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 Analysis of waste composition:  
 The results are calculated as the percentage of UBC found per bale using the 
following equation. 
 
 

   (1) 
Where:    = weight of used beverage cartons (UBCs) found 

               = weight of waste paper sample  
Data analysis: The collected data were analyzed using several techniques. The mass 

balance principle was applied to track the movement of UBCs within the system, ensuring 
consistency between inputs, outputs, and losses across the system boundary [8]. Descriptive 
statistics were also used, including the mean to determine the average percentage of UBCs 
from physical sampling across paper mills, and the standard deviation (SD) to measure the 
variation in UBC content within the waste paper stream. In addition, other measures of 
central tendency such as the mode and median were also analyzed to describe the distribution 
of UBC content. 
 
Results and Discussion:  

 This study involved the sampling of two waste paper grades—old corrugated 
containers (OCC) and mixed paper (MP)—to assess the quantity of used beverage cartons 
(UBCs). For OCC bales, a total of 7 tonnes were sampled across two paper recycling mills, 
and no UBCs were found in these samples. In contrast, MP bale sampling was conducted at 
four paper recycling mills and four large-scale waste purchasing and baling facilities,  
with a total sampled weight of 14.955 tonnes. A total of 40 bale samples were analyzed, 
comprising 20 from paper mills and 20 from large-scale waste buying and baling facilities. 
The analysis revealed differences in UBC content between two facility types. Based on the 
original samples, the average UBC percentage at paper mills was 0.132%, with the highest 
recorded value reaching 1.084%. In contrast, large-scale waste purchasing and baling 
facilities exhibited a much lower average of 0.033%, with the highest value recorded at only 
0.024%. These results are presented in Table 1. 
 
Table 1 UBC percentage statistics (pre- and post-outlier removal) 

Note: *Large-scale waste purchasing & baling plant 

  

  

UBC percentage 
statistics 

Original sample Sample after outlier removal  

Paper mills 

(n=20) 

LWPB 
plant* 

(n=20) 

Total 

(n=40) 

Paper mills 

(n=17) 

LWPB 
plant* 

(n=20) 

Total 

(n=37) 

Min 0.000 0.000 0.000 0.000 0.000 0.000 

Max 1.084 0.204 1.084 0.124 0.204 0.204 

Mean ( ) 0.132 0.033 0.082 0.024 0.033 0.029 

Median 0.014 0.016 0.014 0.008 0.016 0.011 

Mode 0.000 0.000 0.000 0.000 0.000 0.000 

Standard 
Deviation (SD) 

0.283 0.046     0.206  0.033 0.046   0.040  
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Upon analysis of all 40 original samples, the overall mean percentage of UBCs in 

mixed paper (MP) was 0.082%, with a median of 0.014% and a standard deviation (SD) of 

0.206%. The statistical analysis of all samples identified three data points from paper mills 

that exceeded 0.495 (a threshold representing the mean plus two standard deviations), 

indicating abnormally high UBC percentage values. After removing these outliers, the dataset 

was reduced to 37 samples. This adjustment decreased the SD to 0.040% and lowered  

the mean UBC percentage to 0.029%, indicating reduced variability and a more consistent 

dataset. All statistical measures before and after outlier removal is presented in Table 1. 

 In Thailand between 2020 and 2023, the amount of UBCs embedded in MP was 

calculated, ranging between 157 and 162 tonnes per year. These passively collected UBCs 

were managed through both domestic recycling at paper mills and export. 

In addition to the estimated total passive collection of UBCs in the country,  

the majority were processed annually at local paper recycling plants. Figure 1 presents the 

average quantity of UBCs found in mixed paper (MP) passively collected for recycling at 

domestic paper mills between 2020 and 2023. On average, 153 tonnes of UBCs in MP were 

processed annually at domestic recycling plants, yielding approximately 84 tonnes of 

recyclable fiber and 46 tonnes of Poly-Alu residue. The recovered paper fiber is subsequently 

converted into Kraft paper for use in paper container production, while most of the remaining 

Poly-Alu—mixed with other residues from paper recycling plants—is primarily utilized as an 

alternative fuel, either internally in boilers or externally in cement and power plants. 

 

 
 

Figure 1 UBCs in MP: domestic collection and recycling (average from 2020 to 2023) 

 

 This study reveals that based on annual UBC consumption, Thailand passively 

recovers less than 1% of UBCs from mixed paper waste, far below European countries that 

achieve higher recovery rates through source separation or co-collection systems. Although 

passive collection of used beverage cartons (UBCs) for recycling in conventional paper mills 

is minimal and presents challenges in terms of efficient material separation and recycling 

processes, such practices can nonetheless contribute to partial fiber recovery and reintegration 

into the production cycle, in accordance with circular economy principles.  In light of 

Thailand’s current situation, where no legislation mandates source separation of waste by the 

public, efforts to increase the recovery rate of used beverage cartons (UBCs) should continue 

to prioritize the strengthening of active collection schemes. In parallel, particular emphasis 

should be placed on implementing sustained price-based incentives within the informal 

collection system, alongside ongoing promotion of public participation in source 

separation—especially at high-generation points such as schools. 
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Conclusion: 
 In conclusion, the results of this study provide a clear overview of UBCs embedded in 

mixed paper streams in Thailand, serving as baseline data supporting their management and 

recycling potential. The findings highlight that passive collection of UBCs for recycling at 

paper recovery facilities accounts for only a minimal fraction of national beverage carton 

consumption, yielding limited fiber recovery and generating significant Poly-Alu residue. 

These outcomes also contribute to strengthening the national database on UBC recycling and 

support the advancement of more sustainable waste management practices. 
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Abstract: 

Welding is an essential process in Thailand’s growing industrial sector but generates 

hazardous metal fumes that pose significant health risks. Of particular concern are nickel (Ni) 

and chromium (Cr), due to their toxicity and carcinogenicity. This study measured Ni and Cr 

concentrations in airborne dust from a welding factory in Chonburi Province and assessed 

associated health risks using personal and area samples. Results showed that personal 

sampling yielded higher Ni (1.35±0.29 – 2.74±3.43 µg/m³) and Cr (2.30±0.60 – 2.67±0.81 

µg/m³) concentrations than area sampling. In all areas, hazard quotient (HQ) values remained 

below 1.0, indicating low non–carcinogenic risks. However, carcinogenic risks (CR) greatly 

exceeded the occupational limit of 1.00 x10–4. Ni risks ranged from 7.54x10–3±0.00 to 

1.68x10–2±0.02, while Cr risks were markedly higher, ranging from 1.75x10–1±0.04 to 

2.49x10–1±0.08, suggesting a substantially greater cancer risk from Cr exposure. These CR 

values exceed acceptable thresholds, indicating residual cancer risk. These findings 

emphasize the need for improved engineering controls and protective measures to safeguard 

worker health. 

 

Keywords: Welding fume, nickel, chromium, health risk assessment, occupational exposure 

 

Introduction:   

Thailand’s rapid industrialization and infrastructure growth have substantially 

increased metal consumption, reaching 16.39 million tons in 2021, with the automotive sector 

alone contributing 22% (1). Within this sector, welding is a critical process that supports 

production efficiency but simultaneously generates hazardous emissions that threaten worker 

health. For example, a welding factory in Chonburi Province consumed 9,301 tons of metal 

in 2022, including 28 tons of copper wire, with welding operations producing an estimated 

0.14 tons of fumes. Welding activities are recognized sources of airborne pollutants such as 

particulate matter, toxic gases, and metal fumes, whose composition and levels depend on 

welding methods, filler materials, and equipment used (2). The metal inert gas (MIG) 

welding process in this factory, performed on SS400 base metal containing carbon (C), 

manganese (Mn), silicon (Si), copper (Cu), aluminum (Al), phosphorus (P), sulfur (S), 

molybdenum (Mo), and notably nickel (Ni) and chromium (Cr), is of particular concern 

because it releases Ni and Cr in ultrafine particulate form (0.001–100 µm), which are 

associated with significant toxicity and carcinogenicity. Both metals are present in respirable 

particulates capable of penetrating the body via inhalation, dermal absorption, or ingestion (3, 

4), and are linked to acute effects such as mucosal irritation and dizziness, as well as chronic 

outcomes including lung fibrosis, allergic dermatitis, and cancers of the lung, larynx (2, 5). 

Cr(VI) is a Group 1 human carcinogen (3, 4) that can persist in lung tissue and significantly 

elevate long–term cancer risk. Despite these hazards, routine workplace inspections in the 
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factory have measured only total and respirable dust levels without quantifying individual 

metals, particularly Ni and Cr, creating a critical data gap for assessing long–term health risks 

from cumulative exposure to hazardous welding fumes. To address this, the present study 

analyzed Ni and Cr concentrations in airborne dust from personal and area sampling and 

evaluated both non–carcinogenic and carcinogenic risks to workers, providing urgently 

needed evidence to guide exposure control strategies in welding environments. 
 

Materials and Methods:   

Study subjects  

 The study was conducted in a metal arc welding factory located in the Amata City 

Industrial Estate, Chonburi Province, Thailand (13.4193°N, 101.0176°E). Workers included 

welders and employees in nearby zones such as spotting, packing, and production areas, all of 

whom were potentially exposed to welding fumes. Eligibility criteria required participants to 

be full–time workers who had held the same position for at least one year. A total of 53 air 

samples were collected, comprising 41 personal samples and 12 area samples (Figure 1(A)). 

 

Figure 1 (A) Layout of personal and area sampling points in the factory, (B) personal 

sampling, and (C) area sampling 

 

Collection and Analysis of Welding Fumes 

Study site and survey 

 The factory covers an area of 6,972 m². A walkthrough survey identified four distinct 

work areas based on distance from welding sources (Fig. 1(A)): Area 1 – CO₂ welding, Area 

2 – Spotting, Area 3 – Packing, and Area 4 – Production. Sampling numbers were determined 

according to NIOSH (1977) and HKSAR (2019) guidelines, considering both area size and 

workforce distribution. In total, 41 personal and 12 area samples were obtained) (6). 

Sampling procedure and chemical analysis 

 Airborne fumes were collected using 37 mm mixed cellulose ester (MCE) membrane 

filters (0.8 µm pore size) (manufacturer, country). For personal sampling, cassettes were 

clipped to workers’ collars in the breathing zone (Fig. 1(B)), while for area sampling, 

cassettes were mounted on stands at representative locations (Fig. 1(C)). Pumps operated at 

1–3 L/min for ~6 h, ensuring a minimum air volume of 480 L per sample. Filter loading was 

controlled to <2 mg. The collected membrane filters were subsequently digested with 

hydrochloric acid (HCl) and nitric acid (HNO₃) and analyzed for Ni and Cr concentrations 

following NIOSH Methods 7303(7) 7024 (8). Metal quantification was performed using 

inductively coupled plasma mass spectrometry (ICP–MS, NexION® 2000, PerkinElmer, 

USA). 

 



86 

 

 

Health risk assessment 

Exposure Assessment 

 Since personal protective equipment (PPE) was routinely used and hygiene practices 

were observed, this study focused on inhalation as the primary exposure pathway. The U.S. 

EPA (2022) framework (9) was applied to calculate the average daily dose (ADD) for non–

carcinogenic effects and the lifetime average daily dose (LADD) for carcinogenic risks using 

Equation (1): 

 

           (1) 

 

Where: C = concentration (mg/m³), IR = inhalation rate (m³/hr), ET = exposure time (hr/day), 

EF = exposure frequency (days/yr), ED = exposure duration (yr), BW = body weight (kg), 

AT = averaging time (days). For non–carcinogenic effects, AT = ED × 365; for carcinogenic 

risks, AT = 25,550 days (70 years). 

 

Risk Characterization 

 Non–carcinogenic risk was estimated by hazard quotient (HQ) (9): 

 

                   (2) 

 

Where RfC is the reference concentration for inhalation exposure (mg/kg–day). HQ values 

>1 indicate potential health concern. 

 Carcinogenic risk (CR) was assessed by multiplying ADD with the inhalation slope factor 

(SF) (9):  

 

CR = ADD × SF                     (3) 

 

Values exceeding 1x10–4 are considered unacceptable for occupational exposure. 

 
 
Results and Discussion: 

 

 Chemical concentration in total dust   

As shown in Fig. 2(A), Ni concentrations in personal were highest in Area 1 (2.74 ± 

3.43 µg/m³) and lowest in Area 3 (1.35 ± 0.29 µg/m³), while area concentrations were 

consistently lower (1.07 ± 0.00 – 1.22 ± 0.15 µg/m³). For Cr, personal concentrations ranged 

from 2.30 ± 0.60 µg/m³ (Area 3) to 2.67 ± 0.81 µg/m³ (Area 2), with slightly lower values 

observed in area samples (1.90 ± 0.00 – 2.07 ± 0.68 µg/m³). Overall, personal sampling 

yielded higher Ni and Cr concentrations than area sampling. 
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Figure 2 (A) Average concentrations of Ni and Cr in total dust from personal and area 

sampling across four work areas, and (B) Inhalation risk assessment of Ni and Cr based on 

personal and area sampling, including HQ and CR 

 

 

 Health risk assessment 

As shown in Fig. 2(B), HQ values for both Ni and Cr were below 1.00 in all areas, 

indicating negligible non–carcinogenic risk. In contrast, CR values exceeded the acceptable 

limit (1.00×10⁻⁴) across all zones. For Ni, CR ranged from 7.54×10⁻³±0.00 (Area 3) to 

1.68×10⁻²±0.02 (Area 1), while for Cr, values were much higher, from 1.75×10⁻¹±0.04 (Area 

3) to 2.49×10⁻¹±0.08 (Area 2). Overall, carcinogenic risks were significant, especially for Cr, 

which posed far greater risk than Ni. When compared with prior studies, such as Yang et al. 

(2018) (10), which reported higher CR values for Ni and Cr(VI) among welders in pipeline 

construction, the CR values in this study were comparable but still exceeded the acceptable 

limit. Similarly, Zainal Bakri et al. (2020) (11) reported CR values for Cr and Ni that also 

substantially exceeded acceptable limits among workers in the Malaysian automotive 

industry. Although the CR values observed in the present study are comparatively lower than 

those reported in heavy welding operations, they still indicate a residual cancer risk. Overall, 

these results underscore that even under relatively lower airborne concentrations, long–term 

inhalation exposure to Cr (particularly Cr(VI)) can contribute to a significant carcinogenic 

risk. Implementation of effective exposure control measures, including engineering controls 

such as local exhaust ventilation, optimized welding practices, and the consistent use of 

respiratory protection, is therefore crucial to mitigate adverse health outcomes. 

 

Conclusion: 

This study quantified Ni and Cr exposure in a welding factory and assessed associated 

health risks. Personal sampling revealed higher concentration than area sampling, confirming 

direct worker exposure. Although HQ indicated negligible non-carcinogenic risks,  

CR exceeded acceptable limits across all zones, with Cr posing markedly higher risks than 

Ni. These findings align with previous reports of elevated cancer risks among welders and 

highlight a residual long-term cancer hazard even at moderate airborne concentrations.  

To mitigate these risks, effective control measures must be implemented in conjunction with 

continuous monitoring of metal-specific exposures to enhance worker health protection. 
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Abstract: 

This study aimed to determine the generation rate of infectious waste as well as 

knowledge, attitude, and practices of personnel to manage the infectious waste in Sub-district 

Health Promoting Hospitals (SHPHs) of the Rayong Provincial Administrative Organization 

(Rayong PAO). The amount of infectious waste and number of patients were collected from  

85 SHPHs whereas questionnaire was used to evaluate the level of knowledge, attitude and 

practice of personnels. The average infectious waste generation rate was 0.88 kg/SHPHs/day 

while the average number of patient was 32.00 persons/SHPH/day. The significant correlation 

between the amount of infectious and number of patients (p-value<0.05) was observed in  

this study. The positive correlation coefficient (r = 0.703) indicates the influence of number of 

patients to the amount of infectious waste of SHPHs. The average infectious waste generation 

rate of patients was 0.0284 kg/person/day. Regarding to the regulation on infectious disposal in 

Thailand, the approximately 96.47% of personnels have relatively high knowledge, attitude and 

practice to manage the infectious waste in SHPHs . 

 

Keywords: Infectious waste, Sub-district Health Promoting Hospital, knowledge, attitude, 

practice 

 

Introduction: 

Rayong Province covers an area of 3,552 Km2 which is divided into eight districts.  

The total population is about of 759,400 persons. This area is served as an industrial business hub 

following the Eastern Seaboard Development Project as well as a hub for technology, education, 

and research services. Because of high industrial investment, rapid urban expansion and 

population growth due to labor migration can be found in this province. This increasing of 

population also lead to increase of medical health care facilities and amount of infectious waste to 

be managed in this province. It has been reported that the amount of infectious waste generation 

in Rayong Province has increasing from 538.6 tons in 2019 to 1,087.1 tons in 2023 (Rayong 

PAO, 2023).   

The Sub-district Health Promoting Hospitals (SHPHs) are considered as primary 

healthcare units in Rayong Province. The activities of SHPHs are not only medical treatment and 

health rehabilitation but also health promotion, disease prevention and control and management 

of health risk factors in the community. Currently, there are totally 95 sites of SHPHs in Rayong 

Province, which 85 sites are under the supervision of the Rayong Provincial Administrative 

Organization (Rayong PAO), whereas 10 sites are under the supervision of other local 

administrative organizations in Rayong Province. It was found that the total amount of infectious 



90 

 

 

waste generation from the 85 SHPHs of the Rayong PAO in 2023 was 19.07 tons (Rayong PAO, 

2023). This may be related to number of patients seeking services at these facilities. This infectious 

waste generally needs to be managed properly to prevent environmental contamination and health 

impact from pathogenic microorganism such as infectious waste separation, collection, 

transportation, disinfection and disposal. In Thailand, the infectious waste management system of 

SHPHs have to follow to Ministerial Regulation on Infectious Waste Disposal B.E.2545 (2002). 

The previous studies on infectious waste management shows the correlation between knowledge, 

attitude and practice in the infectious waste management of personals in healthcare units (Husna 

Romin, 2017; Suphacha KamKhien, 2020). The objective to study, therefore, is to determine the 

infectious waste generation rate as well as the level of knowledge, attitude and practice in infectious 

waste management of personals in SHPHs of the Rayong PAO. 

 
Materials and method: 

This study was designed as cross-sectional survey research. The amount of infectious 
waste and the number of patients of 85 SHPHs in 2024 were available from the Rayong PAO. 
In addition, the general characteristics, knowledge, attitude and practice in infectious waste 
management of personnels were collected by using questionnaire. There are totally 45 items 
for knowledge, attitude and practice assessment and 13 items for general characteristics of 
respondent. 

In this study, the questionnaire was reviewed for content validity by expert. It was then be 
pre-tested with personnels from SHPHs which are not under the Rayong PAO. The Kuder–
Richardson formula and Cronbach’s alpha were than used to assess the reliability of results.  
The Kuder–Richardson coefficient of knowledge for infectious waste management was 0.838.  
In addition, Cronbach’s alpha coefficient for attitude and practice was 0.809 and 0.845, 
respectively. These results indicate the suitability of this questionnaire to be used in data 
collection in this study. 

The criteria for interpreting the scores of knowledge, attitude, and practice of 
personnels SHPHs in regard to the ministerial regulation on infectious waste disposal of 
Thailand were determined by classifying the respondents’ total scores into three levels as 
shown in Table 1. 

 

Table 1: Criteria for interpreting scores of knowledge, attitude, and practice of personnels in 
regard to the ministerial regulation on infectious waste disposal of Thailand 

Category 
Score Level (points) 

High Moderate Low 

Knowledge 11–15 6–10 0–5 

Attitude 21–30 11–20 0–10 

Practice 21–30 11–20 0–10 

 
Results and discussion:  

Generation rate of infectious waste in SHPHs 

The infectious waste generation and patients of 85 SHPHs under the Rayong PAO in 
2024 are shown in Table 2. The infectious waste generation ranged from 0.03 to 4.14 kg/ 
SHPH /day with average of 0.880 kg/ SHPH /day. In addition, the number of patients varied 
from 5 to 142 persons/ SHPH /day. The average number of patients was 32 
persons/SHPH/day. The calculation result of infectious waste generation rates of SHPHs 
under the Rayong PAO, therefore, were in range of 0.004 to 0.160 kg/person/day. 
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Table 2: Infectious waste generation and number patients of SHPHs in 2024 

The correlation analysis between the amount of infectious waste and the number of 

patients is presented in Table 3. The analysis of Pearson’s correlation coefficient shows  

a significant correlation between the amount of waste and number of patients (P-value < 

0.05). Moreover, the positive correlation coefficient (r = 0.703) indicates that the amount of 

infectious waste was increased to the number of patients. Based on the result of study, the 

average infectious waste generation rate of SHPHS was 0.028 kg/person/day. This is 

comparable to Lampang Province where the average infection waste generation rate was found at 

0.030 kg/person/day (Khamjira Saiwongpia, 2016). 

 

Table 3: Pearson’s correlation coefficients between infectious waste and number of patients 

Variable  Amount of infectious 

waste 
Number of patients 

Amount of infectious 

waste 

Correlation 

coefficient  

P-value  

1 .703** 

 

.000 

Number of patients 

Correlation 

coefficient  

P-value  

.703** 

 

.000 

1 

Note: Correlation is statistically significant at the 0.01 level (2-tailed). 

 

Knowledge, attitude, and practice of personnels on SHPHs  

The scores of knowledge, attitudes, and practices of personnels in SHPHs in regard to 

the ministerial regulation on infectious waste disposal of Thailand are presented in Table 4. 

The average score of knowledge, attitude and practice of personnels to the infectious waste 

management system were 13.40, 27.92 and 28.22 points, respectively. It was found that 

personnels in SHPHs have relatively high knowledge, attitudes, and practices in infectious 

waste management. As shown in Table 5, the approximately 96.47% of personnels in SHPHs 

have high knowledge, attitude and practice in regard to regulation on the infectious waste 

disposal This result is consistent with the studies of Husna Romin (2017) and Angsumalee 

Arkornsakul and Yaowalak Amrumpai (2014), which examined the relationships between 

knowledge, attitudes, and infectious waste management among personnel in non-inpatient 

healthcare facilities. The distribution of knowledges, attitudes, and practices level of 

personnel in SHPHs under the Rayong PAO are presented in Table 5. 

 

 

 

 

Data Minimum Maximum Mean 
Std. 

Deviation 

Infectious waste (kg/ SHPH/day) 0.030 4.140 0.880 0.720 

Number of patients (persons/ 

SHPH/day) 

5.000 142.00 32.00 22.00 

Infectious waste generation rate 

(kg/person/day) 
0.004 0.160 0.028 0.019 
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Table 4: Scores of knowledge, attitudes, and practices of personnels in SHPHs  

Category Mean 
Standard 

Deviation 
Maximum Minimum 

Knowledge 13.40 1.51 15 6 

Attitudes  27.92 2.66 30 18 

Practices 28.22 2.55 30 15 

 

Table 5: Distribution of knowledge, attitudes, and practices level of personnel in SHPHs  

Category High (%) Moderate (%) Low (%) 

Knowledge 96.47 3.53 0.00 

Attitudes 96.47 3.53 0.00 

Practices 96.47 3.53 0.00 

 

Conclusion: 

The amount of infectious waste generated by Subdistrict Health Promoting Hospitals 

(SHPHs) of the Rayong Provincial Administrative Organization (Rayong PAO) ranged from  
0 .0 3  to 4.14 kg/SHPHs/day with an average of 0 .8 8  kg/SHPHs/day. There was significant 

correlation between the amount of infectious and number of patient (P-value<0.05) with 

correlation coefficient ( r ) of 0.703. The number of patients in SHPHs is in range of 5 to 142 

persons/SHPHs with an average of 32 persons/SHPHs/day. In this study, the average infectious 

waste generation rate was 0 . 0 2 8 4  kg/person/day. Regarding to the regulation on infectious 

disposal in Thailand, most of personnels in SHPHs (96.47%) have high knowledge, attitude and 

practice in the infectious waste management. 
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Abstract: 

Microplastic (MP) contamination in human food and beverages is an increasing 

concern, but evidence from Southeast Asia remains limited. This study examines MP 

presence in two main dietary sources in Thailand: soft drinks and seafood. A total of 378 soft 

drink samples from nine popular brands were analyzed across different packaging types 

(plastic, aluminum, and glass). MPs were found in all brands, with concentrations ranging 

from 2 ± 3 to 39 ± 12 items per liter. Surprisingly, glass bottles showed higher MP loads than 

plastic or aluminum packaging, likely due to frequent reuse and the high surface energy of 

glass that attracts particles. MPs were mainly small (50–100 μm), with fragments (41–82%) 

and spheres (especially in cans) as the predominant forms. Micro-FTIR analyses identified 

PET in plastic bottles, while PP and PE were common in glass-bottled drinks, reflecting the 

materials used for packaging and sealing. Seafood analysis included blood cockles 

(Tegillarca granosa) and green mussels (Perna viridis) collected from aquaculture farms and 

local markets. MPs were found in all specimens, with commercial samples showing higher 

loads than farmed ones, suggesting additional contamination during packaging and 

transportation. Polypropylene, polyethylene, polyester, and nylon were the most frequently 

detected polymers. Smaller size fractions dominated, raising concerns due to their 

bioavailability and persistence in human diets. These findings confirm that MPs infiltrate 

both beverages and seafood commonly consumed in Thailand. Estimated consumer exposure 

from soft drinks alone could reach up to 1,600 MPs per person annually, while seafood 

contributes an additional dietary route. Given MPs’ potential to penetrate biological tissues 

and carry hazardous chemicals, this study highlights an urgent need for stricter food 

packaging regulations, safer supply chain practices, and further assessment of health 

implications for Thai consumers. 

 

Keywords:  Microplastics, soft drinks, seafood, human exposure, Thailand  

 

Introduction:  

Plastic pollution has become one of the leading environmental challenges of the 21st 

century, with global plastic production surpassing 380 million tons annually and increasing 

by 4% each year (PlasticsEurope, 2023). While much research has focused on marine debris 

and environmental impacts, the contamination of food and drinks by microplastics (MPs; <5 mm) has 

recently emerged as a major concern. MPs can be ingested directly by humans through daily 

consumption of packaged beverages and seafood, both of which are dietary staples in 

Thailand. 

Thailand is the sixth largest global contributor to plastic leakage into the oceans, and 

its high reliance on plastic packaging further increases the likelihood of MP exposure 

(Thompson et al., 2004). Soft drinks, consumed at an average of 41 liters per person per year, 

and seafood, which forms a key protein source, are particularly relevant (Ta et al., 2025). 
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MPs not only persist in these products but also have the potential to carry hazardous additives 

and adsorbed contaminants such as heavy metals and persistent organic pollutants. 

Furthermore, small MPs (<150 μm) are of particular concern as they may penetrate 

gastrointestinal barriers, circulate in the bloodstream, and accumulate in tissues (Li et al., 

2023). Despite these risks, there has been little systematic investigation of MP contamination 

in soft drinks and seafood in Thailand. This study therefore, aims to quantify MP 

concentrations in these commonly consumed products, characterize the particles by size, 

morphology, and polymer type, identify the role of packaging and supply chain processes in 

contributing to contamination, and assess the potential implications for human health and 

food safety in the Thai context. 

 

Methodology:   

Soft drink samples (n = 378) were collected from supermarkets in Pathum Thani in 

October 2023, covering nine popular brands and three packaging types: plastic bottles, 

aluminum cans, and glass bottles. Each sample was vacuum filtered through 0.45 μm 

cellulose nitrate membranes, and the filters were dried at 60°C for 24 hours. Quantification of 

MPs was performed using Nile Red fluorescence microscopy, while polymer identification 

was confirmed by micro-FTIR spectroscopy. MPs were categorized by size into four ranges 

(50–100 μm, 100–500 μm, 500–1000 μm, 1000–2000 μm) and by morphology as fragments, 

fibers, spheres, or films. For seafood, blood cockles and green mussels were obtained from 

both aquaculture farms in Chonburi and Samut Prakan and from markets in Pathum Thani 

and Samut Prakan. Samples were digested with oxidizing solutions, subjected to density 

separation using sodium iodide, and analyzed under optical microscopy and FTIR to 

enumerate MPs and determine their polymer composition. 

 

Results, Discussion and Conclusion: 

MPs were detected in all soft drink samples across brands and packaging types. 

Concentrations ranged from 2 ± 3 to 39 ± 12 items/L, with glass bottles showing 

unexpectedly higher contamination than plastic and aluminum cans. This result is likely due 

to the frequent reuse of glass containers in Thailand and their higher surface energy, which 

enhances particle adhesion. MPs in soft drinks were dominated by the smallest size fraction, 

with particles between 50–100 μm accounting for nearly half to three-quarters of the total 

count. Morphologically, fragments were the most common (41–82%), followed by spheres, 

which were especially prevalent in aluminum cans. Polymer analysis revealed PET as the 

dominant polymer in plastic bottles, while PE and PP were more common in glass-packaged 

drinks, reflecting contributions from sealing and cap materials. 

Seafood samples also revealed widespread MP contamination. Both mussels and 

cockles contained MPs, with market specimens consistently showing higher counts than those 

collected directly from aquaculture farms. For green mussels, the larger commercial 

individuals (25.4 g/individual) contained more MPs than smaller farmed specimens (3.5 

g/individual), averaging 3.2 ± 1.6 items per individual in market mussels compared with 1.2 

± 0.2 items per individual in farmed mussels. For blood cockles, market specimens (6.1 

g/individual) also showed slightly higher MP levels than aquaculture farm cockles (5.8 

g/individual). Polymer analysis identified polypropylene, polyethylene, polyester, and nylon 

as the dominant types, with nylon appearing only in market cockles, suggesting 

contamination during packaging and transport. Small particles dominated across all seafood 

samples, particularly those smaller than 100 μm, echoing the trend observed in soft drinks 

and raising concern due to their higher potential for tissue uptake and persistence in the 

human body (Ta et al., 2022). 
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The findings confirm that both soft drinks and seafood are significant pathways of 

human exposure to microplastics in Thailand. The higher contamination observed in glass-

bottled soft drinks challenges common perceptions of glass as a safer packaging material and 

highlights the risks associated with container reuse and post-processing. The predominance of 

small MPs is of particular concern, as these particles are more likely to be ingested and 

retained in the human body, potentially leading to oxidative stress, inflammation, and 

transport of hazardous chemicals into tissues. Seafood results further suggest that 

contamination is not only derived from the aquatic environment but also introduced during 

supply chain processes, including packaging and transportation. 

Estimated exposure levels suggest that consuming soft drinks alone may lead to up to 

1,600 MPs annually per person, with seafood adding a substantial dietary source. Although 

only a small portion of MPs are likely to be retained in the human body, lifelong exposure 

could increase health risks. This study provides the first baseline data on MP contamination 

in soft drinks and seafood in Thailand and highlights the need for regulatory measures, 

including better packaging standards, stricter hygiene practices during food handling, and 

systematic monitoring of MPs in dietary sources. Public awareness campaigns are also vital 

to decrease reliance on problematic packaging materials and to educate consumers about 

potential risks. Ultimately, these findings stress the importance of addressing MPs as a food 

safety concern and lay a foundation for future policies to safeguard public health in Thailand. 
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Abstract: 

Access to clean water and adequate sanitation is a fundamental human right under 

Sustainable Development Goal 6 (SDG 6), which aims to ensure universal access to safe drinking 

water by 2030. This study aimed to assess health risks associated with chemical and 

microbiological contamination in water use (village tap water and coin-operated drinking water 

from vending machines) in Huai Xo Subdistrict Municipality, Chiang Khong District,  

Chiang Rai Province. This research employed a cross-sectional analytical study design, 

consisting of two phases. Phase 1 Water quality results were analyzed, and the drinking water 

consumption behaviors of 150 residents were surveyed for the calculation of the Hazard Quotient 

(HQ). Phase 2 focused on health risk assessment, employing the Hazard Quotient (HQ) approach 

for chemical contaminants and Quantitative Microbial Risk Assessment (QMRA) for 

microbiological contamination. The findings indicated that water quantity and quality had  

the lowest scored (mean = 2.61). Laboratory analysis fond contamination of coliform bacteria 

(90.48%) and E.coli (66.67%). The most frequently detected chemical contaminants were arsenic 

(61.90%) and fluoride (33.33%). The health risk assessment showed that fluoride levels exceeded 

HQ > 1 in some place specifically in Ban Chaipattana (HQ = 4.769), Ban Kaen Nuea (HQ = 2.733), 

and Ban Kieng Tai (HQ = 1.536). Arsenic contamination presented unacceptable cancer risks 

such as in Ban Kaen Nuea (1.57 × 10⁻²) and Ban Kieng Tai (1.10 × 10⁻²). Regarding coin-operated 

water vending machines, most samples had HQ < 1, however, Ban Kieng Tai exhibited a fluoride 

HQ of 1.968, while arsenic was detected in 40% of the samples. Although E.coli was not found, 

coliform bacteria were still detected in 30% of the samples. In conclusion, the primary health 

risks associated with drinking water in the study area stemmed from fluoride and arsenic 

contamination, resulting in both non-carcinogenic risks (HQ > 1) and carcinogenic risks (Cancer Risk > 

10⁻⁴), coupled with high rates of coliform contamination. Therefore, integrated measures for 

water quality improvement, continuous monitoring, and effective risk communication to 

 the public are recommended to ensure long-term access to safe and sustainable drinking water. 

 

Keywords: Water use, chemical and biological contaminants, health risk assessment,  

Chiang Rai Province 

 

Introduction:  

 Access to clean water and adequate sanitation is a fundamental human right, as outlined 

in the United Nations’ Sustainable Development Goal 6 (SDG 6) (1), which aims to ensure 

universal access to safe drinking water by 2030 (2). However, in 2022, more than 2.2 billion 

people worldwide still lacked access to safe drinking water, and 703 million people did not even 

have access to basic water services (1). In Thailand, although approximately 98% of  

the population has access to clean water, only 88% of households consume good-quality  
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tap water. According to surveillance conducted by the Department of Health over the past ten 

years, only 38.4% of household water supplies met the required standards (3). This issue is 

associated with the entire water supply chain, including production, distribution, and storage 

systems, as well as contamination from both chemical substances and microorganisms, which 

may result in gastrointestinal diseases or long-term health effects. Within the study area, Huai Xo 

Subdistrict Municipality, Chiang Khong District, Chiang Rai Province, is an agricultural zone 

where chemical substances are extensively used. Furthermore, the area lies along a gold mineral 

belt, posing a risk of heavy metal contamination in raw water sources. Consequently, this region 

warrants close monitoring. Therefore, the present study aims to assess the health risks posed by 

chemical and microbiological contamination in local water supply systems. The findings are 

expected to provide essential information for public risk communication and to support  

the development of strategies for improving water supply quality at the local level. 

 

Methodology:  

This research was a cross-sectional analytical study conducted in  

Huai Xo Subdistrict Municipality, Chiang Khong District, Chiang Rai Province. The study 

was divided into two phases: (1) data collection and (2) health risk assessment. In Phase 1, 

data collection involved the evaluation of water qualities Water samples were collected from 

21 village water supply systems, covering 21 villages, consisting of 16 groundwater-based 

systems and 5 surface water-based systems. In addition, 10 water samples were collected 

from coin-operated drinking water vending machines within the study area. All water 

samples were analyzed for chemical and microbiological quality at the Public Health 

Laboratory Division, Department of Health, Ministry of Public Health, Thailand.  

The analyses followed the criteria of the Thai Drinking Water Quality Standard (Department 

of Health, 2020). Parallel to the sampling, data on community water consumption behavior 

were obtained through a structured questionnaire designed to capture information on water 

sources and the daily volume of water intake. Phase 2 involved a health risk assessment based 

on data obtained from Phase 1, water quality analyses, and community water consumption 

behaviors. The health risk assessment for chemical contaminants was performed using the 

Hazard Quotient (HQ) method, in accordance with the United States Environmental 

Protection Agency (USEPA) guidelines (4). The HQ was calculated by dividing the Average 

Daily Dose (ADD) of a chemical by its Acceptable Daily Intake (ADI), as shown in Equation 

(1) and (2): 

   

 

 

 

 

Here, C denotes the concentration of the chemical in water; IR represents the daily 

water ingestion rate; EF indicates the frequency of exposure; ED refers to the duration of 

exposure; BW is the body weight of the individual; and AT corresponds to the averaging time 

applied for exposure assessment. An HQ value greater than 1 indicates that the average daily 

intake of the contaminant exceeds the acceptable safe level and is therefore considered a 

potential health risk. For microbiological risk assessment, the Codex Alimentarius 

Commission (5 )  guidelines were applied, employing the Quantitative Microbial Risk 

 ADD = C x IR x EF x ED     (1) 

               BW x AT 

 

 HQ =  ADD 

              ADI       (2) 
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Assessment (QMRA) approach with exponential dose–response modeling, as expressed in 

Equations (3)–(5): 
 

    Pi = 1 – exp(-rd)      (3) 

   PE = P (1 – e-mc)      (4) 

   R – Pi x PE       (5) 

 

In these equations, Pi represents the probability of illness, while r denootes the parameter 

in the exponential model. The variable d refers to the ingested dose, expressed in MPN per day. 

PE corresponds to the probability of exposure, and P indicates the probability value or  

the exposure factor. m represents the daily volume of drinking water consumed, measured in 

milliliters, whereas C denotes the concentration of microorganisms, expressed in MPN per 

milliliter. Finally, R represents the overall risk of illness resulting from microbial infection. 

 

Results and Discussion:   

 The results of the laboratory analyses revealed that contamination in the 21 village 

water supply systems was considerably high in terms of both microbiological and chemical 

parameters. Coliform bacteria were detected in 19 samples (90.48%), while E. coli was found 

in 14 samples (66.67%), reflecting insufficient effectiveness of disinfection practices. For 

chemical parameters, arsenic was detected in 13 samples (61.90%) and fluoride in 7 samples 

(33.33%), indicating that water quality remained inconsistent with the established standards. 

In contrast, the 10 coin-operated drinking water vending machines showed lower levels of 

contamination. The most prominent contaminant was arsenic, detected in 4 machines 

(40.00%), followed by coliform bacteria in 3 machines (30.00%) and fluoride in 1 machine 

(10.00%). Notably, E. coli was not detected in any of the vending machine samples. (Figure 

1 and 2). 

 

 
 

 

 

 

  

The chemical risk assessment revealed that fluoride levels in some systems had HQ 

values greater than 1, including Ban Chaipattana (HQ = 4.769), Ban Kaen Nuea (HQ = 2.733), 

and Ban Kieng Tai (HQ = 1.536). These findings indicate potential health risks, such as dental 

fluorosis and skeletal fluorosis, if consumption continues over time. In addition, arsenic 

contamination showed Cancer Risk values exceeding the acceptable standard. For instance, Ban 

Kaen Nuea reported a value of 1.57 × 10⁻² and Ban Kieng Tai 1.10 × 10⁻², both of which are 

higher than the acceptable range (10⁻⁶ to 10⁻⁴), suggesting a long-term carcinogenic risk. 

Figure 1. Drinking Water Samples with 

Detected Contamination Classified by 

Water Source Type 

Figure 2. Drinking Water Samples with 

Detected Contamination in Coin-Operated 

Vending Machines 
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Regarding the 10 coin-operated drinking water vending machines, most had HQ values below 1. 

However, risks from fluoride were still evident, particularly in the vending machine at Ban Kieng 

Tai, which recorded an HQ of 1.968, exceeding the safety threshold. Furthermore, arsenic was 

detected in some samples, with Cancer Risk values ranging from 10⁻³ to 10⁻², and coliform 

bacteria were present in 30% of the vending machines. Although E. coli was not detected, the 

presence of coliform bacteria still highlights a microbiological risk that cannot be overlooked. 

The study revealed high levels of arsenic and fluoride contamination, which is consistent with the 

findings of Rodtim et al. (2016), who assessed health risks from arsenic exposure in five types of 

domestic water sources: surface water supply, groundwater supply, mine pit water supply, 

mountain water supply, and shallow wells. The cancer risk assessment indicated that the overall 

risks from all water types ranged from 1.20E-04 to 7.23E-03 for children and from 4.58E-05 to 

2.75E-03 for adults. (6) These results also align with Khair et al. (2011), who found that a large 

proportion of groundwater samples in China contained arsenic and fluoride concentrations 

exceeding WHO standards (As > 10 µg/L; F⁻ > 1.5 mg/L) (7), emphasizing that such 

contamination is closely linked to geological conditions. In terms of microbiological 

contamination, the high detection rates of coliform bacteria and E. coli in village water supply 

systems are in agreement with Yamasamit et al. (2020), who conducted a quantitative microbial 

risk assessment of drinking water dispensers at Thammasat University, Rangsit Campus. Their 

study found that individuals consuming water from dispensers located near cafeterias and lecture 

halls had higher probabilities of exposure and infection from total coliform and fecal coliform 

compared to those drinking from dispensers located in student dormitories. Specifically, the 

probabilities of exposure and infection from total coliform in all dispensers were 0.3529 and 

3.69347E-05, respectively (8). These findings highlight the microbial risks associated with 

inadequately controlled water supply systems. 
 
Conclusion:  

The findings of this study indicate that the primary risks stem from fluoride and arsenic, 

which pose both non-carcinogenic effects (HQ > 1) and carcinogenic effects (Cancer Risk > 

10⁻⁴). In addition, the high rate of coliform contamination in village water supply systems and 

coin-operated vending machines further highlights microbiological risks. Therefore, addressing 

these issues requires an integrated approach, including the development of effective filtration 

and disinfection systems, continuous water quality monitoring, and public education on safe 

water consumption. Such measures are essential to ensure that village water supply systems can 

sustainably meet the demand for safe drinking water in the long term. 
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Abstract: 

This survey research was aimed to compare the effectiveness of a food handler 

training program on hygiene and sanitation competencies between two training formats: 

training at the training venue (onsite training)  and training via digital technology (online 

training). The sample consisted of 180 food handlers from food establishments in Nonthaburi 

Municipality, which equally divided into 9 0  participants per group. Data collection tools 

included a knowledge test, an attitude questionnaire, a practice questionnaire, and a sanitation 

standard assessment checklist based on the Department of Health’s criteria (Clean Food Good 

Taste). Data were analyzed using descriptive and inferential statistics such as Chi-square test, 

and Independent Sample t-test at a significance level of 0.05. 

Results of the study revealed that both training formats significantly improved 

knowledge, attitudes, and practices regarding food hygiene and sanitation (p < 0.05). After 

the training, all participants in both formats demonstrated good levels of knowledge, 

attitudes, and practices (100.00%). No statistically significant difference was found in 

knowledge scores between the groups (p = 0.657). The online training group had  

a significantly higher mean attitude score than the onsite training group (p = 0.039), whereas 

the onsite training group showed a significantly higher mean practice score compared to the 

online training group (p < 0.001). Chi-square test results indicated that knowledge and 

attitude were not significantly associated with the training format (p > 0.05). On the contrary, 

practices were significantly associated with the onsite training format (p < 0 . 0 0 1 ) .  

Clear improvements after both training formats were observed in the individual and 

environmental domains. Food establishments that met food sanitation standards were 

proportionally higher in the onsite training group (44.19% ) compared to the online training 

group (3 5 . 0 0 % ) .  In conclusion, both training formats were effective in enhancing  

the competencies of food handlers. However, onsite training was more suitable for 

developing actual practices and compliance with sanitation standards. The findings suggest 

that continuous training should be promoted among food handlers, particularly those with 

less experience or who have never attended food sanitation training. Online training through 

video presentations should be further developed and integrated with instructor-led teaching to 

enhance learning effectiveness. Training content should emphasize personal hygiene as  

a priority, and a long-term follow-up system should be implemented to assess whether 

improvements in knowledge and attitudes translate into actual hygienic practices in food 

establishments. Relevant authorities should establish strategies to diversify and adapt training 

content to be more suitable for specific target groups. 

Keywords: Food handlers, training formats at the training venue (onsite training), training 

formats via digital technology (online training), food handler courses, sanitation competency 

level of food handlers 
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Introduction:   

 Quality and safe food is a critical determinant of national health, economic stability, 

and social well-being. Thailand continues to encounter challenges related to food- and 

waterborne diseases, such as diarrhea and food poisoning (1), which persist as recurrent 

public health concerns. A key contributing factor is the unhygienic practices of food handlers. 

Accordingly, training food handlers has become a vital strategy to mitigate risks, enhance 

knowledge and understanding, and promote proper practices, thereby strengthening  
the quality standards of food establishments. Nonthaburi Province, characterized by rapid 

economic and social growth, has witnessed an expansion in food-related businesses, 

particularly food outlets. This expansion has, however, reduced the degree of regulatory 

oversight in food hygiene and sanitation due to competitive pressures arising from increasing 

consumer demand. As a result, food establishments face a heightened risk of microbial 

contamination, which may subsequently lead to food- and waterborne illnesses (2).  
To address these challenges, both training formats at the training venue (onsite training) 

programs and training formats via digital technology (online training) have been adopted as 

key approaches to develop food handler competencies in line with technological 

advancements and emerging lifestyles (3). 

 

Materials and Methods:   

 This study employed a survey research design. The sample was divided into two 

groups. Group 1 consisted of food handlers who received onsite training, delivered in three 

different formats: (1) onsite training conducted by instructors, (2) onsite training through video 

presentations, and (3) onsite training combining video presentations with instructor-led 

teaching. Group 2 consisted of food handlers who received online training, also delivered in 

three different formats: (1) online training conducted by instructors, (2) online training through 

video presentations, and (3) online training via an e-learning system. Purposive sampling was 

applied, and measurements were taken before and after the training. The population consisted 

of food handlers from various types of food establishments in Nonthaburi Municipality,  
with a total sample size of 180 participants. They were divided into two groups: onsite training 

(n = 90) and online training (n = 90). Research instruments included (1) a knowledge test,  
(2) an attitude questionnaire, (3) a practice questionnaire, and (4) a sanitation standard 

evaluation form based on the Clean Food Good Taste criteria. Data were analyzed using 

descriptive and inferential statistics (Chi-square test and Independent Sample t-test). 

 

Results and Discussion:   

 The study found that after the training, both onsite training and online training groups 

demonstrated significantly higher levels of knowledge, attitudes, and practices (p < 0.05).  
All participants achieved good levels of knowledge, attitudes, and practices (100.00%). 

However, some differences were observed: the online training group had significantly higher 

attitudes compared to the onsite training group (p = 0.039), whereas the onsite training group 

demonstrated significantly higher practices than the online training group (p < 0.001). Clear 

post-training improvements were evident in both formats, such as personal aspects (e.g., 

proper hygienic attire) and place aspects (e.g., having a trash can with a tight-fitting lid and  
a grease trap before releasing wastewater into the public sewer). Correlation analysis revealed 

that knowledge and attitudes were not associated with the type of training, while practices 

were significantly associated with the training format (p < 0.001) (Table 1).  
Furthermore, food establishments meeting the Clean Food Good Taste sanitation standards 

were higher in the onsite group (44.19%) compared to the online group (35.00%) (Table 2). 

These findings suggest that both training formats were effective in enhancing  
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the competencies of food handlers. However, onsite training had a greater impact on actual 

practices, as hands-on activities under the supervision of trainers facilitated learning and 

fostered sustainable behavioral changes (4). In contrast, although online training offered 

greater convenience and accessibility, it still faced limitations in monitoring and practical 

engagement (5).  
 

Table 1 Relationship between knowledge, attitudes, and practices in food hygiene and 

sanitation among food handlers across onsite and online training formats (N = 180) 

Food handler 
competency 

level 

Knowledge Attitudes Practices 

onsite online onsite online onsite online 

(%) (%) (%) (%) (%) (%) 

Good level 100.00 100.00 100.00 100.00 100.00 100.00 

Fair level 0 0 0 0 0 0 

Improved 
level 

0 0 0 0 0 0 

df 5 17 23 

 7.450 23.806 168.267 

p-value 0.189 0.125 <0.001 

 

Table 2 Assessment of food establishment quality based on food sanitation criteria (Clean 

Food Good Taste), including physical and biological aspects, between onsite and online 

training formats 

Quality of food 
establishment 

Onsite training (n = 43) Online training (n = 40) 

Before training After training Before training After training 

Number  
(of places) 

% 
Number  
(of places) 

% 
Number  
(of places) 

% 
Number  
(of places) 

% 

Passed Clean 
Food Good 
Taste standards 

5 11.63 19 44.19 5 12.50 14 35.00 

No passed 
Clean Food 
Good Taste 
standards 

38 88.37 24 55.81 35 87.50 26 65.00 

Total 43 100.00 43 100.00 40 100.00 40 100.00 

 

 

Conclusion: 

 Onsite training demonstrates greater potential to promote sustainable behavioral 

changes among food handlers, while online training remains valuable for enhancing 

accessibility and knowledge acquisition. Integrating both formats could maximize training 

effectiveness, combining the convenience of online learning with the practical reinforcement 

of onsite instruction. The findings suggest that continuous training programs, particularly 

targeting inexperienced food handlers or those who have never undergone training.  

Online training should be enhanced by incorporating interactive video materials alongside 
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instructor-led sessions to increase effectiveness. Additionally, a long-term monitoring system 

should be implemented to assess whether improved knowledge and attitudes translate into 

actual hygienic practices in food establishments. 
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