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Message from the President

Thai Society of Toxicology

Good morning all speakers and participants

The 14" National Conference in Toxicology (NCT14) organized
by the Thai Society of Toxicology is held during 11-12 September 2024. The theme of NCT14
is “Toxicology for Sustainable Development”. This year we have two guest speakers from
aboard, one from Korea and one from Taiwan. The meeting aims to update on toxicology in
the sustainable development, including environment safety, air pollution (PM2.5 in particular),
the environmental disaster and the management. The safety related to food is updated, such as
new food as alternative protein (plant base), the important of and update on mycotoxin risk
assessment. The development and regulatory situation of innovative products as proteins in
Thailand, particularly on the scientific evidences on the efficacy and safety of the products.
The update on clinical toxicology in various forms are also a highlight, such as, New Era of
Paracetamol Poisoning, Medication Error.

As before, Thai Society of Toxicology holds the NCT14 in collaboration with allied
organizations; Institute of Nutrition Mahidol University (INMU), National Cancer Research
Institute (CRI), Thai Society of Clinical Toxicology (TSCT), Thai Environmental Mutagen
Society (TEMS), National Cancer Institute, and Thailand Risk Assessment Center (TRAC).
The Thailand Lab International 2024 is our regular collaborator and supporter.

The NCT14 will be held in conjunction with the exhibition of laboratory
instrumentation and technology (Thailand Lab international 2024). The NCT14 will also serve
as the platform for Thai toxicologists and allied scientists to exchange updated information in
toxicology of various fields, and for the young toxicologists to present their works. | am
confident that the participants will gain substantial benefit from NCT214 and will also be
beneficial to their organizations, as well as to establish linkage with colleagues and make new
friends, to make connection and to collaborate in the future.

Last but not least, | would like to thank all our collaborators and supporters for their
contribution and support. | also sincerely thank all the speakers, particularly keynote speaker,
Prof. Dr. Sopawan Tontayanont (Chulalongkorn University), special lecture speaker,
Emeritus Prof. Dr. Jou-Fang Deng, National Poison Center, Taipei Veterans General
Hospital, Taiwan, and Prof. Dr. Hoonjeong Kwon, Department of Food and Nutrition, Seoul
National University, South Korea for their kindness and share their expertise with us.
Thanks also go to hard working executive committee members, organizing committee
members and staffs as well.

It is an auspicious time now | would like to declare open the NCT14, and | am sure
that you will enjoin the meeting as well as taking some time to visit the Thailand Lab

exhibition. Thank you. ) )
xhibiti you L; fg(/

Assoc. Prof. Dr. Songsak Srianujata
President of Thai Society of Toxicology
September 2024
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Advancing Green Chemistry: Ensuring Safety for
Humans and the Environment

Prof. Dr. Supawan Tantayanon

Department of Chemistry, Faculty of Science, Chulalongkorn University, Thailand

Abstract

Green chemistry represents a transformative approach to chemical research and
manufacturing, focusing on designing products and processes that minimize environmental
impact and enhance human safety. This presentation explores the core principles of green
chemistry and their critical role in reducing toxicity, preventing pollution, and promoting
sustainable practices across industries.

The presentation will discuss how green chemistry principles contribute to creating
safer working environments, reducing consumer exposure to hazardous substances, and
mitigating environmental damage. Through real-world examples and case studies, the
successful implementation of green chemistry in various sectors will be illustrated, highlighting
both the challenges and opportunities in advancing these practices. By the end of the
presentation, participants will have a deeper understanding of how green chemistry not only
protects human health and the environment but also drives sustainable progress in science and
industry.
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Bongkrekic Acid Food Poisoning

Prof. Dr. Jou-Fang Deng, M.D.

Director, National Poison Center, Taipei Veterans General Hospital, Taiwan

Introduction _—
Globalization of food markets and diverse culinary practices ‘ L
inevitably expose individuals to unique foodborne hazards. The risk

of foodborne illness or poisoning caused by chemical contamination, bacterial/virus/parasite
infestation as well as various natural toxins involvement have been reported off and on
worldwide. Among these, the consumption of fermented foods in certain region/countries has
been documented of causing unexpected health risks. Accidental ingestion of foods
contaminated with Bongkrekic acid (BA), an odorless, tasteless, heat-stable mitochondrial
toxin, produced by Gram-negative bacterium Burkholderia gladioli pv, cocovenenans in
fermented food environment may cause poisoning with severe morbidity and mortality. Here,
we report an outbreak of food poisoning associated with the consumption of Malaysian
cuisines served in a restaurant which their foods were supposedly but unconfirmed to be
contaminated with BA in March of 2024, which ended up with a 6 death of 33 illness.

Incident description

Case demonstration

On the day of March 21st of 2024, a 40 years old female, without any particular health
issue in the past, was escorted by ambulance to the Department of Emergency of Taipei
Mackay Memorial Hospital, complained of frequent diarrhea, nausea, vomiting and
abdominal pain for one day or so. The laboratory findings showed a picture of fulminant
hepatitis (outrageous ALT and AST), hyperammonemia, renal insufficiency, hypotension as
well as metabolic acidosis. She was admitted into ICU and treated with general supportive
care under a tentative diagnosis of “fulminant hepatitis caused to be determined”. On the day
of March 24, another 39 years old male was transferred over from a local clinic nearby with a
similar clinical picture. Before he was transferred, due to a stormy picture of acute
gastroenteritis, the doctor felt that it might be related to a food taken in a restaurant served
with Malaysian cuisines such as flat noodle. This case was reported to the City Health
Department immediately under a suspicion of unknown food poisoning. A Food Hygiene
Inspection was initiated officially on the same day, where swabs were taken from chef’s
hands, cutting boards, kitchen knife and fruit knife, which were sent for microbiological
search and identification. Unfortunately, on 25 of March, the 2nd day of admission, the 39
years old male died on multi-organ failure, it was the fourth day after he had taken flat noodle
in that Malaysian restaurant. In the meanwhile, another four severe cases were identified
from three different hospitals. Considering of having six cases of acute gastroenteritis
complicated with a prominent clinical picture of acute fulminant hepatitis, renal insufficiency,
metabolic acidosis at the same time period, and one died with a common history of consuming
flat noodle in the same restaurant, a criminal investigation was filed on the day of March 26th.
And this was publicized nationwide through media. On the day of March 27th, The Ministry
of Health and Welfare called upon an Experts Committee Meeting trying to explore the
underlying etiology of this outbreak

THE 14" NATIONAL CONFERENCE IN TOXICOLOGY (NCT14)
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Laboratory investigation

The plasma collected from patients and autopsy cases were analyzed by LC-MS/MS.
On the day of March 29, the laboratory confirmed the presence of BA in the blood collected
from the cases of autopsy. On April 1st, the hands swab taken from the chef on the day of
March 24 also demonstrated the presence of BA. However, on the day of March 26, there was
no food materials left over could be collected for laboratory examination. No bacteria could
be identified from all the swabs collected on the day of March 24. Neither bacteria nor BA
could be documented from the noodles collected from the up-stream suppliers.

Epidemiology briefing

From March 19 through 24, totally 98 guests took either lunch or dinner in that
restaurant. Among the 98, from 34 reported of illness, 33 were confirmed with the presence of
BA in their blood. Out of 34, 24 were hospitalized (included 6 died in ICU); 7 went to visit
local clinic; 3 were no medical visit.

What do we know about BA

Basically, BA is a potent mitochondrial toxin, which is produced by Burkholderia
gladioli pv. Cocovenenans in natural conditions, and has been implicated in numerous
outbreaks of fatal food poisonings. Toxin production occurs in foods contaminated with the
bacterium and requires warm temperatures (22 °C —30 °C), neutral pH, and the fungal
organisms used for fermentation. BA poisonings were concentrated in Indonesia, China, and
Mozambique, where traditional food preservation methods involve the fermentation of grains,
legumes, and coconuts.

Mechanism of BA intoxication

Unlike most common mitochondrial toxins affecting the electron transport chain, BA
inhibits Adenine Nucleotide Translocase (ANT). Under physiologic conditions, ANT brings
adenosine diphosphate (ADP) into the mitochondrial matrix to be converted to adenosine
triphosphate (ATP) and transports ATP from the mitochondrial matrix into the intermembrane
space. By inhibiting ANT, BA reduces ATP production and impairs its distribution for energy
utilization. And consequently results in systemic toxicity with multi-organ failure.

Clinical syndrome

The clinical toxic effects are seen predominantly in the liver, brain, and kidneys, and
signs and symptoms include abdominal pain, vomiting, diarrhea, jaundice encephalopathy,
lethargy, coma, and death. Laboratory findings include elevated transaminase levels,
coagulopathy, and hyperglycemia, followed by hypoglycemia attributable to glycogen
depletion. BA poisoning bears significant morbidity and mortality, with mortality rates up to
60% in past outbreaks. Clusters have been traced back to communal consumption of
contaminated products.

Public Health Impact

Panic about the food safety was the prominent phenomena prevalent among the
general public nationwide, while the outbreak was on going. Very fortunately, BA was
identified and confirmed to be the causality factor on the day of March 29, and the
examination from more noodles collected from the up-stream suppliers did not come out with
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any presence of BA.

Challenge

Diagnosis and Treatment

To identify the BA from the tissue fluids collected from the victims is essential to
confirm the diagnosis. However, this process does require an advanced equipment LC-
MS/MS as well as an experienced analytic personnel with sophisticated skill. But, in this
outbreak, the physicians were full of the alertness of a cluster with an unusual clinical pictures
did trigger the steps of diagnostic hunting. So far, and in the next 5-10 years down the roads,
there is no any convenient detection/diagnostic kits could be expected to easy both the food
market safety and clinical needs on BA poisoning.

There is no specific methods available to treat the cases of BA poisonings. General
supportive measures is still the main stay of managing BA poisoning. Since, the target site of
BA is ANT which is located inside the mitochondria, it is reasonable to predict that the
volume of distribution of BA should be very high. Under such circumstance, it is
understandable that extracorporeal technique will not be effective. Considering the effective
use of Fab in digoxin overdose, theoretically, the Fab of BA might be a worthwhile approach
clinically in the future, though, unlike digoxin overdose, somewhat of organic toxicity may
limit its value clinically.

Prevention

The foods before it reaches to the consumers usually take a few days after it is
manufactured from the factories. Manufacturing, transportation and storage are the main steps
which needs to be secured for a food hygiene and safety practice. Fermented home-made
foods shall be discouraged. Though BA poisoning occurred most frequently in fermented
environment, the possibility of its occurrence in non-fermented condition also can not be
ignored. The production of BA needs an environment of “wet, mild temperature with neutral
pH” and certain time period (e.g. >24 hours) to favor the growth of bacteria, how to prevent
its occurrence shall be taken into serious consideration is very clear.
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Is the Current Routine of 90-day Animal Toxicity
Testing Sufficient for the Safety Assurance of Health
Functional Ingredients?

Prof. Dr. Hoonjeong Kwon

Department of Food and Nutrition, Seoul National University, South Korea

In Korea, Health Functional Foods (HFF) are subject to strict legal regulations
regarding both health claims and safety. Only products that have been approved by the
government, based on submitted data concerning their function and safety, are permitted to be
labeled as "Health Functional Food." To ensure safety, evidence of a history of safe
consumption as food at the anticipated levels, or results from toxicity tests, are required.
Many herbal ingredients in HFF undergo toxicity evaluations, including genotoxicity
assessments and 90-day repeated dose tests in rodents. When HFFs consist of multiple
substances, toxicity testing of the mixture is only mandated if these substances were combined
prior to processing. Manufacturers can combine several pre-approved ingredients into a single
product. However, this often leads to products containing the maximum allowable amounts of
each ingredient, raising concerns about compounded adverse effects.

Among the 317 functional ingredients authorized as of 2022, 96 have been reported in
the literature to be associated with adverse effects, as evidenced by case reports,
epidemiological studies, or animal experiments. The most commonly reported adverse effects
were gastrointestinal issues, followed by hepatobiliary complications. If ingredients
associated with adverse effects on the same organ are combined into a single product by
manufacturers, or consumed concurrently by consumers, the potential safety risks are
significant. A 2022 survey of 1,560 individuals revealed that 767 of them consumed more
than two HFFs, with some consuming up to seven, indicating that multiple exposures are not
uncommon. Notably, 95 individuals reported consuming two or more functional ingredients
that have been linked to hepatobiliary disorders.

This pattern of HFF consumption underscores the need for testing mixtures. However,
testing various combinations at different concentrations would require an extensive number of
animals, making in vitro experiments a more feasible alternative. In our study, we focused on
Garcinia cambogia and green tea extract, both commonly used for "body fat reduction" and
often combined in products or taken together by consumers. Our animal experiments
demonstrated that combined exposure to these ingredients disrupted lipid metabolism in the
liver, leading to steatosis and general liver injury. These injuries manifested early (within 2
weeks) and showed signs of recovery. Transcriptome analysis revealed increased expression
of genes associated with apoptosis and cellular recovery. /n vitro analyses corroborated these
findings, showing an initial increase in apoptotic gene products, followed by recovery gene
expression.

These results suggest that additional safety measures are necessary for ingredients
with potential combined exposures. Furthermore, they raise questions about the adequacy of
the current 90-day toxicity test. Should functional ingredients that cause early injury but later
recovery still be considered acceptable?
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New Era of Paracetamol Poisoning

Assoc. Prof. Summon Chomchai, M.D., M.P.H.

Department of Preventive and Social Medicine, Faculty of Medicine Siriraj Hospital,

Mabhidol University, Thailand

New Era of Paracetamol Poisoning

Summon Chomchai, MD, MPH
Department of Preventive and Social Medicine
Siriraj Poison Control Center
Faculty of Medicine Siriraj Hospital
Mahidol University

Early History of Paracetamol

« Initially used in the late 19th century as an antipyretic
* Rediscovered as a metabolite of acetanilide and phenacetin
* Marketed in the USA in 1950
* Available over-the-counter since the mid-1950s, favored over aspirin
due
« fewer gastrointestinal and hematological side effects
* Reye’s Syndrome

Prescott LF. BrJ Clin Pharmacol. 2024 Jan;90(1):127-134.

Before the time of treatment: plasma concentrations of paracetamol in

patients without liver damage (dashed lines) and
with liver damage (continuous lines) following overdosage

CONCENTRATION pgimL

UNCHANGED PLASMA PARACE TAMOL

HOURS AFTER OVERDOSE

Prezcon 5 Parscetamol (scetaminognen) A aitcs Soiographe
review, Toyior & Francis 1595

* A common over the counter
medication

Ty ey

* Antipyretic and analgesic
* Safe daily dose for a healthy : B s ———
adult: E

+ 4 grams/day
* <48 consecutive hours
* One of the most common causes of
drug-induced hepatotoxicity and
liver failure worldwide

Chidiac As, Buckley NA, cairns R. Toxicol. 2023 7. PMID: 37436926.

Recognition of Toxicity:

*Rise in paracetamol poisoning cases in the late 1960s and 1970s
globally

*Severe liver toxicity identified in 1966 due to overdose

*Acute liver necrosis and possible renal failure were primary toxic
effects

*10% incidence of severe hepatotoxicity, 1% case fatality rate

*No effective treatments or predictive measures in the early days

[Prescott LF. Br 1 clin Pharmacol. 2024 Jan;90(1):127-134.

Mechanism of acetaminophen poisoning

Unchanged in urine

Chidiac As, Buckley NA, Noghrehchi F, Caims R. Expert Opin Drug Metab Toxicol. 2023 Jan-Jun;19(5):297-317. PMID: 37436926.
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Mechanisms of toxicity and early treatment

* Accidental Discovery:

* Bromobenzene Studies:
romobenzene metabolized by P4S0 enzymes
‘causes liver damage when glutathione is low
* Connection to Paracetamol:

i
¢
!
|

Depletion leads toliver damage
* Factors Influencing Toxicity:

Pas0 activity and giutathione levels affect toxicity
* Development of Treatments:

Prescoe 7, Matthew . Lot 1974207884, 833 834

Clinical presentation

* Phase 1: 0.5-12-24 hours: Normal, nausea, malaise, vomiting,
may be asymptomatic, no elevation of ransaminases
* RUQ pain, elevation of hepatic transaminases, bilirubin, INR
* Phace 3: 72-96 hours ‘Time of Maximal Toxicity":
* Sequelae of hepatic necrosis, , hepatic y

* Acute kidney injury
* Phase 4: 96 hours - 2 weeks: If the damage reversible,
* Complete resolution

Chiew AL Buckdey NA. Crit Care Cin. 2021 Jul-37(3:543-561 PMID: 34053705,

Development of the Rumack—Matthew Nomogram:

* Created in 1973 by Barry Rumack
and Henry Matthew using
Edinburgh data

* Predicts liver damage after
paracetamol overdose by using
plasma concentration over time

* Concentrations above the line
indicate a high risk of severe liver
damage

* Higher plasma concentrations
increase the risk of liver damage

Acotaminophen (4g/mi Piasma)

Pediatrics. 1975 Jun;55(6):871-6.

. ism of Acetami CYP2EL i p =
acetaminophen into N-acetyl-p-benzoquinone ] RAARY na
imine (NAPQI) Aon, )

- Glutathione Depletion: NAPQJ rapidly depletes .}? cshue
cellular glutathione (AN

* Formation of Protein Adducts: NAPQI binds to L), iew

« Oxidative Stress and JNK Activation: Oxidative v
ss from mitochondrial damage activates c-Jun o
N-terminal kinase (JNK) ey

* Mitochondrial Dysfunction by JNK: Phosphorylated

+ Release of superoxide and peroxynitrite: electron

Paracetamol concentration (s

- \J_( e wannen U
] T

21

Mechanistic changes in the hepatocytes

mitochondrial proteins, forming damaging adducts

INK binds to Sab protein on mitochondria, impairing
electron transport chain

transport chain disruption leads to the release of
superoxide, which reacts with nitric oxide to form
peroxynitrite, causing further dysfunction, damage,
apoptosis and necrosis

Jaeschie H, Akakpo I, Umibaugh DS, Ramachandran A Toxicol Sci 2020 Apr 1:174(2)-159-167. PMID:31826003.

Risk factor of acute paracetamol hepatotoxicity:
timed-serum paracetamol concentration

=

Bateman DN, Dart RC, Dear W, Prescott LF, Rumack BH. Clin Toxicol. 2023 Dec;61(12):1020-1031. PMID: 38197864.

HE PRINCE MAHIDOL AWARD
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“TOXICOLOGY FOR SUSTAABLE DEveLOPMES

e - @ Torsancs Risk factors for hepatotoxicity

1020-
hetps/dolorg/10.1080155636502023 2393452

High acetaminophen concentration ([APAP])
Extent of delay beyond 8 hours of ing treatment with N ine (NAC)

REVIEW ) Crec o s

Fifty years of paracetamol (acetaminophen) poisoning: the development of risk
assessment and treatment 1973-2023 with particular focus on contributions
published from Edinburigh and Denver

« Use of enzyme-inducing drugs

Protein malnutrition

« Dehydration
O Nicholas Dateman® @, flichard C. Dart™ @, James W. Dear® ©, Laurie . Prescott’ @ and « Obesity and overweight
Barry H. Rumack®® @ . Genetic factors
*Pharmacology, Toxicology and Therapeutics, Centre for Cardiovascular Sciences, Universty of Edinburgh, The Queens Medical Research
Instiute, Edinburgh, UK; *Rocky Mountain Poison and Drug Safety, Denwer Health and Hospital Authority, Denver, CO, USA; ‘Departments
Emergency Mecline and Micicl Towcology, Unweraty of CO'&choolof Mediine, Auros, €O, USA. eparments of Eergency
Medicine and Pediatric, University of Colorado School of Medicine, Aurora, €O, USA
Chomchais, Chomehai C. 2018
Diagnosis/ risk assessment N-acetylcysteine (NAC) therapy: Mechanisms of effects
* Timed Serum paracetamol concentration 1. “Prophylactic Effects” : Replenish i .2, ive Effects” : In cases with
supply: as long as paracetamol level > 10 paracetamol-induced fulminant hepatic
® 4-24 hours after the ingestion mg/dL failure
. * Protection against severe hepatitis in cases * Decrease mortality, Cerebral Edema,
* Interpret the level using Rumack-Matthew Nomogram with toxic paracetamol levels Hemodynamic instability, Multi-organ
. . . failure, Hepatic encephalopathy
® Treatment line: 150 mg/L at 4 hours post-ingestion .
- mumecx e Torcocin Torico, 200EAO( 13 20 PAD: 11550202 S I T T T
* History of ingestion e et o v S bk k. W
ettty
* 150 mg/kg/ 24 hours e S T e o
i Jama
Netw Open. 2023 Aug 3;6(8):2327739. PMID: 37552484.
- chomchai 3, Chomhai ¢ 2022
Feb;10(1):000920. PMCID: PMC8929339.
NAC therapy :
Early eras of treatments 2
Conventional routes and doses of administration
* Need for Early Treatment:
« Intravenous administration required due to severe vomiting. Enteral: 18 doses over ~70 hour Intravenous: - 21 hous
. . 140 mg/kg for loading * 750 mg/kg in in 15 minutes (45-60
* Introduction of Cysteamine: * 70 mg/kg for maintenance every 4 hours x minutes)
+ Chosen for its solubility and availability, despite severe side effects. 17 doses * 50 mg/kg in 4 hours
* Effective in prevgnting liver _damage_if given witl}ir_] 10 hours. * Low risk of anaphylactoid * 100 mg/kg in 16 hours
* Caused severe side effects like flushing and vomiting. * Vomiting * Anaphylactoid reaction
+ Not available as a phari ical product; required preparation from lab
reagents.
« Search for Alternatives: Then, intravenous infusion of 150 mg/kg/24hours as
+ Intravenous cysteine and methionine were effective with fewer side effects. MRintEnance
+ Oral methionine was also used but had some limitations. I

Proonth Hedh L SRS L Chiew AL, Buckley NA. Crit Care Clin. 2021 Jul;37(3):543-561. PMID: 34053705.
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Incidence (AT> 1,000 U/L) by
B 4

1
“Probable risk line”

Treatment ling or
“Probable risklline” 3%
T

Log [acetaminophen] (in pg/idL)

Rumack BH. Toncol Cin Tovieol. 2002:40{1)-3-20 PMID: 11980202

Massive acetaminophen overdose

* Definitions: no consensus

+ 50g,40g,30g, 30 g in combination with opioid or muscarinic

+ Acetaminophen concentrations > 250 mg/L, 500 mg/L, twice the Treatment Line
* Increased rates of hepatotoxicity:

+ Massive overdose: Hepatotoxicity rates of 13-24%

« General patients: 3-14%

Clin Toxicol.

Increased NAC dose for massive acetaminophen overdose

* 1 study found that increasing NAC dose reduces the hepatotoxicity rates
* Hepatotoxicity occurred only in patients with very high [APAP] or delayed NAC
treatment
Chiew AL, Isbister GK, Kirby KA, Page C8, Chan BSH, Buckley NA. Clin Toxicol. 2017 Dec;55(10):1055-1065. PMID: 28644687.

* 1 RCT shows no differences among patients treated with conventional
and increased NAC doses

~ Lewis JC, Lim M, Lai L, Mendoza E, Albertson TE, Chenoweth Ja. i 202

4

When is (the conventional doses of) NAC inadequate?

« Large dose of acetaminophen exposure
* Delayed treatment with NAC

* Failure of NAC therapy

* Renal toxicity of acetaminophen

Chiew AL, Buckley NA. Crit Care Clin. 2021 Jul;37(3):543-561. PMID: 34053705.

Massive acetaminophen overdose

* By stoichiometric calculation, 300 mg/kg of NAC is just adequate to treat
* A70 kg individual
* Ingested 16 grams of acetaminophen

* Increase NAC dose in massive acetaminophen overdose:
* Doubling the infusion dose for the last bag
. dard NAC R
1. Loading Dose: 150 mg/kg in 200 mL of dextrose 5% water (D5W) over 1 hour

2. Second Dose: 50 mg/kg in 500 mL DSW over 4 hours
3. Third Dose: 100 mg/kg in 1000 mL DSW over 16 hours
=> Third Dose: 200 mg/kg in 1000 mL DSW over 16 hours

Clin Toxicol,

Treatment of massive acetaminophen overdose

Hemodialysis Fomepizole (4 methylpyrazole, 4-MP)
EXTRIP recommended indications « Inhibition of:
* [APAP] > 1000 mg/L and NAC is NOT - CYPEL
administered (1D) + INK-induced development of
* Altered mental status, metabolic acidosis, reactive axygen species

‘with an elevated lactate, and an [APAP] is * Successful treatment in late presenting

more than 700 me/L and NAC is NOT cases
‘administered (1D) o )
* Protective against acetaminophen-
« Altered mental status, metabolic acidosis, induced nephrotoxicity
an elevated lactate, and an [APAP] is
more than 900 me/L even if NAC s + Standard antidote for methanol (alcohol
‘administered (1D) dehydrogenase blocker)

EXTRP Workgroup (2624). Acetaminaphen [Parcetamai)
lnterner]. Avatobie rom: bt/ extrip-
‘wortgroup.og/scetaminophen

Chiu MH, Jaworska N, Li NL, Yarema M. 2021300

PMID: 34336301
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An example of cases with NAC failure

+19-year-old woman.
g¢ 86.5 grams of
«Clinical Presentation:
+4 hour [APAP] 333 mg/L
~Treated with activated charcoal and intravenous N-acetylcysteine (NAC) within 2 hours.
«Clinical Course:

and 4.325 grams of diphenhydramine

4

Novel treatments for acetaminophen hepatotoxicity

«Current Treatment: NAC

“Replenishes glutathione levels
~Supports mitochondrial metabolism
ing T H "

*Despite L i severe icity and

*Genetic Analysis Findings:
+Pathogenic G6PD mutation reducing to oxidati
damage
*Multigenic variants (rare ABCB1 missense variant, one extra copy of CYP2E1) affect drug
metabolism and response

A 10 mIR22 s 108 ALT

Biomarkers of hepatotoxicity:

ePrognostic biomarkers predict

hepatotoxicity and liver failure
progression

eKey Biomarkers:
*K18 (Cytokeratin 18)
*MicroRNAs: miR-122

S et e G

Conclusion

+ NAC may be inadequate in certain situations, which may occur occasionally

A dMm

. Meck Deeper
acetaminophen overdose.
« NAC Limitations
«Effective up to a point
«Increased dose may be beneficial in selected patients
«Fails with severe mitochondrial damage
« New biomarkers are need to aid clinical decision
*New Antidotes on Horizon: Drugs like fomepizole and calmangafodipir target
oxidative stress, awaiting clinical approval
« Alternative Treatments: Methylene blue and metformin are explored for their
potential in reducing oxidant stress
« Clinical Trials Needed: Main barrier to new antidote approval is demonstrating efficacy
in clinical trials, particularly in cases already treated with NAC

of mitochondrial damage in

-4-methylpyrazole
«Inhibits the formation of NAPQI
«Inhibits JNK activation
~Calmangafodipir
-Scavenges superoxide to prevent
peroxynitrite formation
*Metformin
«Inhibits respiratory complex 1
“Inhibits mitochondrial oxidant stress
Methylene blue
+Bypasses electron transport chain blockade
“Prevents free radical formation

Iaeschie H, Akakpo I, Umbaugh DS, Ramachandran A Tarico Sc. 2020 Apr 1:174(2):158-167. PMID:31926003.

Biomarkers’
performance at the
time of peak ALT

24

Scullion KM, et al. Toxicol Sci. 2024 May 28;199(2):203-209.

Thank you for your attention
summon.cho@mahidol.ac.th
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Symposium 2

PM 2.5: Effects and Managements
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Health Effects of PM2.5
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Microplastics in the Air
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Microplastics in the Air

Ekbordin Winijkul, PhD

Associate Professor

;| Microplastics in the Air

Environmental Engineering and Management
Asian Institute of Technology
Bangkok, Thailand (ekbordinw@ait.asia)

1. Airborne Microplastic Concentration

Sampling Locations

AT RURoad RU Park Dump Site
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2. Dry and Wet Deposition of Microplastics
Sampling Location

Sampling Point
®at AIT

Pathum Thani

Dry Deposition
Wet Deposition
Outdoor Air and
Rainwater Sampling

.., (........_.,.m..m,
£ §
==

Point

AIT Boundary

Winijkul, E, Latt, KZ, Limsiriwong, K, Pt , T, P T. Dep: of Airborne Microplastics during the Wet and Dry Seasons in Pathum Thani, Thailand,
Atmospheric Pollution Research, 2024, 102242, https//doi.org/10.1016/.apr.2024.102242. (In Press)

3. Exposure of Airborne Microplastics

8-hr Airborne Microplastic Exposure

Sample Collection

Microplastic Identification

Indoor -
Air 1A1 Houackccpcr 849+303 (n/m’) (B) Laundromat staff 470+ 206 (n/m*)
Nile Red Staining Method
(C) Office worker I92t73(ﬁ/1n’)
Outdoor (F) Maintenance technician in
Air WWTP 540£136 (n/m?)
Personal Air Sampler
ATR-FTIR Spec,lruuupy

Limsiriwong, K.; Winijkul, E. Exploring Personal Exposure to Airborne Microplastics across
Various Work Environments in Pathum Thani Province, Thailand. Int. J. Environ. Res. Public
Health 2023, 20, 7162. https://doi.org/10.3390/jjerph20247162

(G) Waste segregation officer in v
the university 39642575 (n/m’)

(H) Waste segregation officer in
the market 3474£678 (n/m’)
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iNCT4

XICOLOGY FOR SUSTANABLE DEVELOM

e THAILAND

e 4% Netdomal Comferenee in texdicalomy

“TOXICOLOGY FOR SUSTAINABLE DEVELOPMENT”

Symposium 4

Interesting Cases from Siriraj Poison Center:
Rhabdomyolysis in Acute and Delayed-Onset
Mushroom Poisoning
(A Case Series from Northeastern Thailand)
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Rhabdomyolysis in Acute and Delayed-Onset Mushroom
Poisoning: A Case Series from Northeastern Thailand
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Risk Assessment of Ochratoxin A in Coffee

Assoc. Prof. Dr. Kanithaporn Vangnai
Department of Food Science and Technology, Faculty of Agro-Industry
Kasetsart University

Abstract

Mycotoxins are toxic secondary metabolites produced by certain fungi, which can
contaminate a wide range of food commodities, posing significant health risks to consumers.
In Thailand, the tropical climate provides favorable conditions for the growth of mycotoxin-
producing fungi, making the safety assessment of mycotoxins in foods crucial for public health.
This study evaluates the prevalence, concentration levels, and potential health risks associated
with mycotoxins in commonly consumed foods in Thailand, with a specific emphasis on
Ochratoxin A (OTA) in coffee. Coffee consumption is increasingly popular in Thailand. There
is a growing demand for coffee beans in Thailand, both for domestic consumption and for
export as processed coffee. Thai coffee bean production is not yet enough to meet domestic
demand. It is necessary to import large quantities of raw coffee beans. Therefore, strict
regulatory measures are necessary to ensure the quality and safety of coffee beans. Coffee bean
production necessitates comprehensive management before, during, and after the harvesting
process, along with transportation, to prevent and reduce the risk of OTA contamination. OTAs
are toxins that can cause liver and kidney cancer. Fungi such as Aspergillus and Penicillium
create OTAs. In 2020, the European Commission requested that the European Food Safety
Authority (EFSA) update its opinion on OTAs in food. EFSA considered that additional
research reports were not yet able to confirm the harmful mode of action of OTAs. For humans,
OTA toxins are sufficient. Therefore, it is not yet appropriate to set the health guidance value
(HBGYV). Therefore, it is recommended to discontinue the use of the previously established
TWI value. EFSA has recommended estimating risk from OTA through (1) The chronic non-
neoplastic kidney toxicity (non-neoplastic effect); MOE was calculated using a BMDL10 value
of 4.73 micrograms/kg of body weight/day. Divided by the amount of OTA exposure, a MOE
of less than 200 indicates a risk of chronic non-neoplastic nephrotoxicity (possible health
concern), while a MOE of more than 200 indicates safety and risk; (2) Kidney tumors
(neoplastic effect), the calculated the MOE using a BMDLo value of 14.5 micrograms/kg of
body weight/day, considering kidney tumors as a potential health concern. A MOE of less than
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10,000 suggests a potential risk of kidney tumors, while a MOE of more than 10,000 suggests
safety and a low risk of harm. The results indicate that several coffee samples exceed the safety
limits established by international regulatory bodies for OTA, which obtained the high risk,
highlighting the need for stringent monitoring and control measures. Furthermore, the study
underscores the importance of public awareness and education on proper food handling and
storage practices to minimize mycotoxin exposure. The findings serve as a foundation for
policymakers to develop and implement effective strategies to safeguard food safety and

protect public health in Thailand.
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Thermal Processing Impacts qPCR Detection of Staphylococcus aureus in

Coconut Milk Products
Yada Vasuwat' Varongsiri Kemsawasd? Piya Temviriyanukul’> Woorawee Inthachat?
Angkalsiri Deeaum? Suwapat Kittibunchakul®*

! Master of Science Program in Toxicology and Nutrition for Food Safety, Institute of Nutrition, Mahidol
University, Salaya, Nakhon Pathom 73170, Thailand
2 Institute of Nutrition, Mahidol University, Salaya, Nakhon Pathom 73170, Thailand

Abstract

Coconut milk is a staple in Thai cuisine, commonly produced as fresh, pasteurized, and
sterilized types. However, it is prone to contamination by Staphylococcus aureus and its
enterotoxins, which can cause foodborne illnesses. Conventional plate count methods for
detecting S. aureus are time-consuming and only enumerate viable cells, leading to the
development of quantitative Polymerase Chain Reaction (qQPCR), which offers greater speed,
specificity, and sensitivity, along with the ability to detect both viable and dead cells.
However, food composition and heat treatments used in processing can influence the
effectiveness of qPCR. This study investigated in the effect of thermal processing on the
detection of S. aureus contamination in coconut milk using the gPCR method. Coconut milk
inoculated with S. aureus was subjected to three different heat treatments: no heat,
pasteurization (72 °C for 15 seconds), and sterilization (121 °C for 20 minutes). The
relationship between the amount of S. aureus (CFU/mL), DNA concentration, and Ct value
obtained from qPCR analysis was then studied. The results showed that food processing
conditions affected the DNA yield from coconut milk, resulting in lower DNA amounts
compared to Tryptic Soy Broth. Heat treatment significantly impacted DNA, with sterilized
coconut milk having a markedly lower DNA yield than fresh coconut milk. This reduction in
DNA quantity influenced qPCR analysis, leading to higher Ct values. This study highlights
the impact of food composition and thermal processing on the qPCR method for detecting
S. aureus. It underscores the importance of optimizing DNA extraction and the gPCR method

to enhance the accuracy of pathogen detection in processed foods.

Keywords: Coconut milk, Thermal processing, qPCR method, Staphylococcus aureus
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Development and Validation of a New Questionnaire for Estimating the
Consumption Frequency of Food containing Nitrate, Nitrite, and
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Abstract

Nitrate and Nitrite are food additives commonly added to processed meat products to
maintain the color and inhibit microbial growth. They can be converted to nitrosamines by
reaction with amines. The International Agency for Research on Cancer (IARC) classified
nitrate, nitrite, and nitrosamines as probably carcinogenic to humans (group 2A). Previous
studies demonstrated the link between consumption of nitrate, nitrite, and nitrosamines-
containing food and non-communicable diseases, especially cancer. However, those studies
did not cover foods commonly consumed in Thailand. This study aimed to develop and
validate a Thai questionnaire to estimate the consumption frequency of Thai foods containing
nitrate, nitrite, and nitrosamines. Content validation was performed by seven experts from
various fields, and the content validity index was calculated. Test-retest reliability was
assessed on 30 healthy Thai participants. The answers from the first and second tests were
compared, and the correlation was analyzed. After revisions according to the suggestion and
validation results, the final version of the newly developed questionnaire achieved a content
validation index of 1. For test-retest reliability, the answers from the first and second tests
were not significantly different (p > 0.05), with a Spearman correlation coefficient ranging of
0.895 to 1. The study suggests that the newly developed questionnaire, NNN-FFQ, has
satisfactory content validity and test-retest reliability. It can be used in future research to
assess how frequent consumption of nitrate, nitrite, and nitrosamines-containing foods may

increase the risk of diseases in the Thai population.
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Introduction

Nitrate and nitrites are food additives serving as inhibitors of pathogens such as
Clostridium botulinum, coloring agents for meat products, and preservatives for processed meat
that extend the shelf-life of cured meat products'-2. Food is the main source of absorbed nitrate
and nitrite in the body?. Nitrate can be converted to nitrite and nitric oxide through a non-
enzymatic process by normal flora in the oral cavity and stomach?. Nitric oxide has been shown
to play a role in the prevention of cardiovascular, gastric, and metabolic diseases'. However,
in processed food, nitrosamines can be formed by a reaction between amine and nitric oxide
during the fermentation process*>. Furthermore, nitrosamine can be an accidental contaminant
during preparation and processing®. Since nitrosamines have been shown to induce
gastrointestinal cancer, The International Agency for Research on Cancer (IARC) has
classified nitrate, nitrite, and nitrosamines as Group 2A, probably carcinogenic to humans®.

Foods containing nitrate, nitrite, and nitrosamines include processed meat (pork
sausage, chicken sausage, Chinese sausage, fermented pork, ham), salted fish, and fermented
vegetables*S. Numerous studies have demonstrated both positive and negative links between
the consumption of nitrate, nitrite, and nitrosamines-containing food and non-communicable
diseases, especially cancer’. Previous research proposed estimates of nitrate, nitrite, and
nitrosamines for a food frequency questionnaire!®. However, the study did not cover food
commonly consumed in Thailand. Studies in Thailand have reported high contents of nitrate,
nitrite, and nitrosamines in various kinds of Thai foods'!-!2. Nevertheless, the association
between the consumption of those substances in food and health risks in the Thai population is
largely unknown. This is due to a lack of validated tools to estimate the consumption frequency
of nitrate, nitrite, and nitrosamines-containing foods. Therefore, this study aimed to develop
and validate a Thai questionnaire to estimate the consumption frequency of Thai foods
containing nitrate, nitrite, and nitrosamines. Food items with high contents of nitrate, nitrite,

11-12

and nitrosamines based on previous studies were selected to be included in the

questionnaire.

Materials and Methods
Ethical aspects and setting

The protocol of this study (MU-CIRB 2023/400.2112) was approved by the Mahidol
University Central Institutional Review Board (MU-CIRB), with the approval number COA
No. MU-CIRB 2024/029.2002.
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Study design
This research is an observational study to develop and assess the content validity and
test-retest reliability of a new questionnaire for estimating the consumption frequency of

nitrate, nitrite, and nitrosamine-containing foods.

Research procedure

First, the Nitrate, Nitrite, and Nitrosamines-Food Frequency Questionnaire (NNN-
FFQ) was developed. A list of Thai foods containing nitrate, nitrite, and nitrosamines was
compiled based on data from previous studies!!"!2. After the questionnaire was generated, the
content of NNN-FFQ was validated by seven experts. After it passed the content validation,
the questionnaire was placed online as a Google form. Subsequently, a test-retest reliability test

of NNN-FFQ was conducted on thirty healthy participants.

Development of NNN-FFQ

A new questionnaire for estimating the consumption frequency of nitrate, nitrite, and
nitrosamines-containing foods was developed. The NNN-FFQ included three sections. The first
section consists of questions regarding general information, including age, sex, education,
occupation, systemic diseases, history of smoking, alcohol drinking, and betel nut chewing.
The second and third sections focus on food and seasoning, respectively. These sections consist
of multiple-choice grid questions, the items listed in the left column and each question
presented in the first row. Food and seasoning items with detectable nitrate, nitrite, and
nitrosamine levels were selected based on previous research!!"!2, Food items include fermented
sun-dried gourami fish (Pla-Slid), pickled fish (Pla-Som), Pla-Kradee, Pla-Jom, Pla-Jao, Pla-
Siew-Hang, Pla-Muk-Hang, sour pork (Nam-Moo/Moo-Som), Isaan pork sausage, pork
sausage, chicken sausage, Chinese sausage, bacon, ham, sun-dried beef, sun-dried pork, and
Vietnamese Sausage. Seasoning items include Tao-Jiao (salted soya beans), raw fermented fish
(Pla-Ra-Dib), cooked fermented fish (Pla-Ra-Suk), raw fermented fish liquid (Nam-Pla-Ra-
Dib), cooked fermented fish liquid (Nam-Pla-Ra-Suk), dried squid for soup, dried shrimp,
shrimp paste (Ka-Pi), and pickled vegetable. The order of appearance in the grid table was
arranged according to the level of nitrate, nitrite, and nitrosamine from the highest to the lowest.
The questions include the frequency of consumption (none or less than once a month, every
month, every week, every day, and every meal) ', the cooking method of the consumed food
(none or less than once a month, raw, stir-fried, or deep fried, grilled, and boiled or steamed),
and the regular consumption patterns (none or less than once a month, alone, or with

vegetables).
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Content validation of NNN-FFQ

The recommended sample size for content validation of the questionnaire is 3—9 experts
14 In this study, the content was validated by seven experts. Nitrate, nitrite, and nitrosamines
are probable carcinogens commonly found in Thai food from the Northeastern region.
Therefore, this research invited an oncologist, a nutritionist, a food scientist, a toxicologist, a
cancer patient, a relative of a cancer patient, and a researcher with experience in Northeastern
food to review the questionnaire. Each expert provided a score of 1-5 for each question.
Criteria for evaluation: 5 = very clear (understandable by all), 4 = quite clear (understandable
by most people), 3 = fair (understandable but minor edit would improve clarity), 2 = need
revision, 1 = unacceptable (need question change). The content validity index was calculated,
and the questionnaire revised according to their suggestions until favorable content validity

was achieved.

Test-retest reliability of NNN-FFQ

The recommended sample size for the test-retest reliability test is at least 30 healthy
participants'®. Thirty healthy participants were recruited and signed consent forms. Inclusion
criteria were age 20 or above, having resided in Thailand for at least 5 continuous years, and
being able to communicate in Thai. Individuals were excluded from this study based on the
following criteria: (1) having psychiatric disorders, Alzheimer’s disease, or communication
problems, and (2) being currently under treatment in a hospital.

Participants were recruited using a poster on social media. Interested individuals
scanned a QR code and entered an online screening. After passing the criteria, online informed
consent was obtained. Then, the participants filled out the first round of questionnaires, which
took around 1015 minutes. A week later, the researcher contacted the participants via e-mail
to fill out the questionnaire for the second round. After analyzing the collected data, questions
with significant differences in the answers between the first and second rounds were modified.
The participants were asked to redo the questionnaire and the data were reanalyzed until

favorable reliability was achieved.

Statistical analyses

The content validation index (CVI) was calculated as the number of experts giving
favorable outcomes (score at least 3 out of 5) divided by the total number of experts. The CVI
of each question was calculated. The content validation index of at least 0.86 was considered
satisfactory!®. Test-retest reliability was analyzed by comparing the answers of the first and

second round of the questionnaire using the Wilcoxon signed rank test. The correlation between
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the two tests’ answers was also analyzed using Spearman Rank Correlation. A correlation

coefficient of at least 0.9 is considered satisfactory!'®.

Results
Content validity of NNN-FFQ

The first round of evaluation by 7 experts received an unfavorable content validity
index. After revisions, the NNN-FFQ received a content validity index of 1 for all sections

(Table 1). Thus, this questionnaire passed content validation was acceptable.

Table 1. Raw scores from seven experts and item content validity index (I-CVI)

Section 1 Section 2 Section 3

Expert 1 5 3 4
Expert 2 4 4 4
Expert 3 5 4 4
Expert 4 5 4 5
Expert 5 5 4 3
Expert 6 5 5 4
Expert 7 5 5 5
I-CVI 1 1 1

The table shows the scores from 7 experts in 3 sections (general information, food, and seasoning
consumption). Scoring criteria: 5 = very clear (understandable by all), 4 = quite clear (understandable
by most people), 3 = fair (understandable but minor edit would improve clarity), 2 = need revision, 1 =

unacceptable (need question change).

Test-retest reliability of NNN-FFQ

Thirty healthy participants were enrolled. Their characteristics are shown in Table 2.
Most participants were women aged 20-39 years who lived in the Northeastern area and had
no history of systemic diseases, smoking, betel nut chewing, or alcohol consumption. As shown
in Table 3, the original version of the NNN-FFQ exhibited a correlation coefficient between
the answers from the first and second tests for each question ranging from 0.255 to 1.0.
However, Table 4 shows that the answers from the first and second tests of most questions

were not significantly different, except for question 52. After the revision of questions with
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poor correlation and re-performing the test-retest, the revised version achieved the correlation
coefficient ranging from 0.895 to 1.0 and p-value < 0.01 (Table 3). Consistently, the answers
from the first and second tests were not significantly different (p > 0.05) for all questions
(Table 4). Therefore, the revised version of the NNN-FFQ demonstrates favorable test-retest

reliability.

Table 2. Characteristics of participants in the validation study (n=30)

Characteristics N %
(Number of persons)

Age

20-39 20 66.67

40-59 10 33.33
Sex

Female 23 76.67

Male 7 23.33
Education

Lower than Bachelor’s degrees 14 46.67

Bachelor’s degrees and higher 16 53.33
Domicile

Northeastern region 27 90

Central Region 3 10
Career

Government officials 17 56.67

Non- Government 13 43.33
Medical History

None 25 83.33

Yes 5 16.67
Betel nut chewing

Never chewing 27 90

Chewing/Quit chewing 3 10
Smoking history

Never smoking 27 90

Smoking/Quit smoking 3 10
Alcohol history

Never drunk 22 73.33

Drinking/Quit drinking 8 26.67
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Table 3. Correlation between the answers from the first and second tests for the original and

revised versions of the NNN-FFQ

Spearman correlation Spearman correlation
coefficient coefficient
The ©mhe The TR i
origina . revised origina . revised
No. . Rev1§ed version No. . Rev1§ed version
version version version version
1 1 1 0.01 37 0.370 1 0.01
2 0.651 1 0.01 38 0.464 1 0.01
3 0.89 1 0.01 39 0.247 1 0.01
4 0.341 1 0.01 40 1 1 0.01
5 1 1 0.01 41 0.372 1 0.01
6 0.288 1 0.01 42 0.727 1 0.01
7 0.457 1 0.01 43 0.802 1 0.01
8 0.657 1 0.01 44 0.902 1 0.01
9 0.891 1 0.01 45 0.817 1 0.01
10 0.720 1 0.01 46 0.832 1 0.01
11 0.796 1 0.01 47 0.803 1 0.01
12 0.486 1 0.01 48 0.716 1 0.01
13 0.843 1 0.01 49 0.726 1 0.01
14 0.849 1 0.01 50 0.711 1 0.01
15 0.892 1 0.01 51 0.714 1 0.01
16 0.775 1 0.01 52 0.887 1 0.01
17 0.803 1 0.01 53 0.615 1 0.01
18 0.386 1 0.01 54 0.622 1 0.01
19 0.111 1 0.01 55 1 1 0.01
20 0.255 1 0.01 56 0.387 1 0.01
21 0.83 1 0.01 57 0.315 1 0.01
22 0.432 1 0.01 58 0.713 1 0.01
23 0.577 1 0.01 59 0.771 1 0.01
24 0.294 1 0.01 60 0.641 1 0.01
25 0.661 1 0.01 61 0.674 0.997 <0.001
26 0.565 1 0.01 62 0.718 1 0.01
27 0.785 1 0.01 63 0.380 1 0.01
28 0.614 1 0.01 64 0.440 1 0.01
29 0.709 1 0.01 65 0.670 0.895 <0.001
30 0.736 1 0.01 66 0.560 1 0.01
31 0.621 1 0.01 67 0.834 1 0.01
32 0.759 1 0.01 68 0.438 1 0.01
33 0.632 1 0.01 69 0.863 1 0.01
34 0.652 0.946 <0.001 70 0.821 1 0.01
35 0.786 1 0.01 71 0.433 1 0.01
36 1 1 0.01 '

The table shows the Spearman correlation coefficients for the original and revised versions as specified.

P-values of the revised version were obtained from Spearman rank correlation analysis.
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Table 4. Comparison of the first and second tests by Wilcoxon sign rank test for the original
and revised versions of the NNN-FFQ

P-value from Wilcoxon sign rank P-value from Wilcoxon sign rank
test test
The original The The original The

No. version Revised version No. version Revised version

1 0.317 1 37 0.160 1

2 0.317 1 38 1 1

3 1 1 39 0.257 1

4 0.414 1 40 0.157 1

5 0.317 1 41 0.931 1

6 0.317 1 42 0.577 1

7 0.655 1 43 1 1

8 0.102 1 44 0.317 1

9 0.083 1 45 0.157 1
10 0.414 1 46 0.655 1
11 0.257 1 47 1 1
12 0.132 1 48 0.931 1
13 0.157 1 49 0.915 1
14 0.830 1 50 0.450 1
15 1 1 51 0.260 1
16 0.414 1 52 0.034 1
17 1 1 53 0.351 1
18 0.763 1 54 1 1
19 0.257 1 55 0.317 1
20 1 1 56 0.161 1
21 0.084 1 57 0.783 1
22 0.595 1 58 0.783 1
23 0.180 1 59 0.317 1
24 0.527 1 60 0.317 1
25 0.680 1 61 0.480 0.317
26 0.717 1 62 0.655 1
27 0.671 1 63 0.705 1
28 0.417 1 64 0.783 1
29 0.944 1 65 0.599 0.317
30 1 1 66 0.160 1
31 0.722 1 67 1 1
32 0.518 1 68 0.739 1
33 0.792 1 69 0.705 1
34 0.856 0.317 70 0.180 1
35 0.914 1 71 0.773 1
36 1 1
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Discussion

This is the first study to develop a questionnaire for assessing the frequency of
consuming Thai foods that contain nitrate, nitrite, and nitrosamines. The results showed that
content validity was acceptable, and test-retest reliability was satisfactory. Consumption of
food containing high concentrations of nitrate and nitrite would be a health risk factor for
diseases such as cancer, methemoglobinemia, enlargement of the thyroid gland, and diabetes
mellitus!”. Thus, this NNN-FFQ questionnaire can be used in future research to investigate the
association between the frequency of nitrate, nitrite, and nitrosamines-containing food
consumption and the risk of diseases.

A previous study in the United States developed a questionnaire to estimate the levels
of nitrate, nitrite, and nitrosamine in American food. The research collected data on the
consumed serving size of each food and calculated the amount of nitrate, nitrite, and
nitrosamine consumption'®. Consequently, the questionnaire was primarily applied to the
exposure assessment studies. In contrast, our study did not aim to estimate the exact amount of
the carcinogens. Instead, the NNN-FFQ will gain information on the consumption frequency
of nitrate, nitrite, and nitrosamines-containing foods. Its future application will focus more on
studying the association between consumption frequency and health risk. For example, it can
be used in a case-control study to determine how frequent consumption of nitrate, nitrite, and
nitrosamines-containing food may increase the risk of certain types of cancer.

In this research, nitrate, nitrite, and nitrosamines-containing food were divided into two
categories, which are food and seasoning. In contrast, John et al.® categorized food into multiple
groups including dairy products, fruit, grains, meat and beans, vegetables, fats, oils, nuts, and
alcoholic beverages®. Although our study contains fewer food items, we selected only the ones
with detectable levels of nitrate, nitrite, and nitrosamines. Thus, the NNN-FFQ may be useful
as a screening tool for the preliminary evaluation of nitrate, nitrite, and nitrosamine
consumption. It is worth noting that the items included in the NNN-FFQ range from low to
high amounts of carcinogens. Future studies can further modify the questionnaire to categorize
food items into low, moderate, and high carcinogen content. Additionally, internal consistency
reliability using Cronbach's alpha can be evaluated to ensure that the food items in each
category are relevant.

Nicholas et al '8 estimated nitrate intake using a food frequency questionnaire compared
with a 24-hour food recall. Nitrate levels in urine were measured to check the criterion-related
validity of each method. The researchers found that the food frequency questionnaire resulted
in an overestimation of nitrate intake due to the inclusion of numerous food categories.

However, it saves cost and time'®. In our study, we only have two categories, food, and
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seasoning, thus the chance of overestimation should be lower. Future studies using urine
metabolites should be performed to confirm the criterion-related validity of our NNN-FFQ.
During the content validation of the NNN-FFQ, some questions in the third and fourth
sections were rated lower than 3 by some experts. As a result, we revised those questions by
rewording and rephrasing them to make them easier to understand and right to the point.
Additionally, the order of some items was rearranged according to the experts’ suggestions. In
the test-retest reliability study, responses to some questions from the first and second tests were
inconsistent due to some participants being confused about the timeline. The questionnaire
asked about events that occurred over the past year, but some participants answered based on
the past year during the first test and referred to the present time during the second test. After
revising by highlighting the timeline, all participants understood and answered consistently.
The strength of this research is that the food items included in the NNN-FFQ were
selected based on the amount of nitrate, nitrite, and nitrosamine in Thai food determined in
previous studies!'!"!2. Only food items with detectable amounts of carcinogens were included,
making the NNN-FFQ short and effective tool for studying the association with health risks.
This is the advantage compared to comprehensive FFQ which are time-consuming.
Furthermore, the NNN-FFQ includes about questions cooking methods and whether the food
was consumed alone or with vegetables. When future studies use the questionnaire, those
questions can provide additional information on proper cooking methods and consumption
patterns to reduce risk of the diseases of interest. Additionally, the participants in the test-retest
reliability group were mostly Thai people from the Northeastern region, which is the area where
food containing nitrate, nitrite, and nitrosamine is most commonly consumed. Nevertheless,
there are some limitations of this research. First, this study did not perform criterion-related
validity. To identify validity, future studies can use diet records to compare the results with the
NNN-FFQ. Second, the NNN-FFQ mainly focused on the frequency of consumption, not the
quantity. Therefore, it may not be useful for exposure and risk assessment. To enhance its
effectiveness, the NNN-FFQ can be modified in the future to include questions about the

quantity of food consumed. Subsequently, its validity and reliability should be re-evaluated.

Conclusion

In this study, the NNN-FFQ has been developed as a new questionnaire-based tool for
estimating the consumption frequency of food containing nitrate, nitrite, and nitrosamines. The
questions cover the frequency of intake, cooking methods, and eating patterns of selected foods
with detectable levels of nitrate, nitrite, and nitrosamines. The NNN-FFQ questionnaire had

satisfactory content validity and test-retest reliability. Since the selected food types are
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commonly consumed in Thailand, especially in the Northeastern area, this novel tool can be

used in further research to study the association between the consumption frequency of food

containing nitrate, nitrite, and nitrosamines and health risks in the Thai population.
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Food Insecurity and Depression Among Healthcare Workers in Vietnam
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Abstract

Shift work is required to provide 24/7 healthcare services, but its implications for the
health of healthcare personnel are still not fully understood, particularly in the context of
Vietnam. The purpose of this study is to investigate the relationship between depression risk,
food security, and shift work schedules. This online cross-sectional study recruited a total of
513 participants, 264 shift workers and 249 non-shift workers via phone calls, email, and
social media advertisements. Validated questionnaires were used to assess food security
(Food Insecurity Experience Scale: FIES) and depression risk (Patient Health Questionnaire:
PHQ-9). The majority of participants (75.5%) were doctors and nurses. Among the shift
workers, 34.5% were found to be overweight or obese. Although the FIES scores did
not differ significantly between groups, shift workers had higher scores compared to non-shift
workers (2.04 £2.5, 1.63 + 2.2; p=0.072). Shift workers reported more frequent meal skipping
(27.7% vs 19.7%, p=0.034), household food shortages (14% vs 8%, p=0.031), and hunger
episodes (20.5% vs 13.7%, p=0.041). However, overall food security scores did not differ
significantly between groups. A total of 27.6% of hospital workers screened positive for
depression risk. No significant difference was found in the risk of depression between shift
and non-shift workers. Vietnamese hospital staff working shifts exhibited worrying trends:
increased food insecurity. While the study found no significant difference in depression risk

between shift and non-shift, the overall prevalence warrants further investigation.
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Introduction

Shift work, defined as working outside the traditional hours of 7 or 8 a.m. to 5 or 6 p.m.,
is often perceived as unusual and stressful. A particularly challenging form of shift work, the
"night shift," involves working at least three hours between 11 p.m. and 6 a.m. To meet the
demands of'a 24/7 society, shift work has become a common practice across various professions,
especially in healthcare. In industrialized countries, between 15% and 20% of workers engage
in shift work, with prevalence rates even higher in healthcare, where it involves 40% of the
workforce!. While shift work is essential to providing continuous medical services, it
significantly disrupts circadian rhythms and sleep patterns, posing serious health risks. Studies
have shown that shift workers are at an increased risk for cardiovascular diseases, diabetes, and
mental health issues such as depression?.

The effects of shift work extend beyond physical and mental health, impacting food
security as well. Shift workers often face limited access to healthy food options during work
hours, which may lead to food insecurity. Research shows a higher prevalence of food insecurity
among shift workers, with some relying on food assistance programs and expressing concerns
about running out of food®>. Additionally, irregular work schedules make it difficult for shift
workers to maintain a nutritious diet, often resulting in more frequent, smaller meals of lower
nutritional quality compared to regular day workers*S. This dietary pattern can lead to
nutritional deficiencies and imbalances, further undermining overall health.

Depression is another significant concern for shift workers, driven in part by the
disrupted sleep patterns associated with non-standard work hours. Studies report higher rates of
depression among shift workers, particularly nurses, with prevalence rates reaching nearly 58%"
8. The COVID-19 pandemic further exacerbated these issues, particularly for healthcare workers
in Vietnam, who faced increased workloads, long hours, and irregular schedules. These
conditions heightened fatigue, burnout, and poor dietary choices due to the convenience and
limited availability of healthy foods®.

Given the large proportion of healthcare workers involved in shift work, their well-being
is crucial for maintaining effective patient care. This study aims to address a critical knowledge
gap in Vietnam by investigating the relationship between shift work schedules, food security,
and depression among hospital workers. Understanding these interconnected challenges is
essential for developing targeted interventions to improve the health and well-being of

healthcare professionals who play a vital role in delivering round-the-clock care.
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Material and Methods
Study design

This is online cross-sectional research that collects information on Vietnamese hospital
employees. Hospital employees who work after any shift are included in the group of shift
workers. The non-shift hospital workers' group consists of employees who work from 7:30 to

16:30, Monday through Saturday.

Study participants

A variety of methods, such as phone calls, emails, and social media, were used to find
participants. Before being taken to the first page of the survey, participants were given the
informed consent form. Before completing the forms, they had to attest that they were aware
of the study's purpose, that it was voluntary, and that they agreed to participate. The completion
of a Google form was required of those who consented to take part in the survey.

The study targeted Vietnamese hospital employees who met specific inclusion criteria,
including continuous employment for at least six months, a minimum age of 18 years, and
computer literacy. Exclusion criteria were applied to certain groups, such as women who were
pregnant or lactating, individuals who had a medical condition within the last 30 days, those

on a special diet, or those illiterate in Vietnamese.

Sample size calculation

Z1—oio+ Z1_p\2
n‘:z(la/zs M)

e «ais0.05and Z;_,/;, is 1.96. For the power of 80%, f is 0.2 and Z,_p is 0.84. ES (Effect

size) was calculated by using the following formula:
My — M,

[sD? + sD?
2

e MI,SDI1, M2, SD2 are mean and standard deviation of two groups and were from previous
paper'®. M1=56.2, M2=65.2. Standard deviations (SD) are calculated from the Standard
Error of Mean (SEM): SD1 = 31.02; SD2 = 37.52.

ES =

The study employed convenience sampling to recruit participants, using various
methods such as phone calls, emails, and social media. The sample size was calculated to
achieve an 80% power, with a total of 472 participants needed. After accounting for a 10%

dropout rate, the final sample size was set at 520, divided into two groups of 260 participants
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each. The effect size (ES), a critical component in sample size calculation, was determined
using the difference in means and standard deviations from prior research. The calculated effect
size reflects the magnitude of difference between the two groups, ensuring that the study is

adequately powered to detect statistically significant differences.

Data collection

Food insecurity was assessed by using the Food Insecurity Experience Scale (FIES).
FIES was developed by the Food and Agriculture Organization (FAO) in 2014. The FIES has
been validated in various populations, including those in Sub-Saharan Africa, Bangladesh, the
League of Arab States, and Thailand'!"'%. In the Thai study, FIES was found to be valid, as the
Infit values fell within the normal range of 0.7-1.3, and the Rasch reliability value was reported
at 0.81, indicating strong reliability. FIES consists of 8 questions. An answer with “no” was
categorized as 0 and with “yes” as 1. The higher the score, the higher the food insecurity
individuals are.

Depression risk was assessed using a standardized nine-question instrument, Patient
Health Questionnaire (PHQ-9). The PHQ-9 demonstrated an overall accuracy of 85%, with a
sensitivity of 75% and specificity of 90% in prior studies. Additionally, the internal reliability
of the PHQ-9 was reported as 0.89 in the PHQ Primary Care Study, indicating a high level of
consistency'>. For the translation process, both forward and backward translations were
conducted by language experts, and the accuracy of the translations was further verified by
language professors to ensure the quality and validity of the questionnaires in the local context.
Each question addressed the frequency of these symptoms over a specific timeframe. Scores
ranged from O to 27, with higher scores indicating a greater severity of depression. The scoring
system categorized depression levels as follows: minimal (0-4 points), mild (5-9 points),

moderate (10-14 points), moderately severe (15-19 points), and severe (20-27 points) '°.

Statistical analysis

Data was analyzed with Statistical Package for Social Sciences (SPSS) version 18. A
significant level of p<0.05 was adopted for all statistical tests. The Kolmogorov-Smirnov test
was used to assess the normality of the data distribution. Background characteristics were
described using descriptive statistics. Categorical variables were summarized by frequency and
percentage, while continuous variables were presented as mean and standard deviation. Chi-
square tests were employed to compare categorical variables, such as background
characteristics and depression risk level. For continuous variables, like food security scores

and depression scores, independent sample T-tests were used when the data met the
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assumptions of normality. In cases where normality was violated, the Mann-Whitney U test, a

non-parametric alternative, was employed.

Results

Among the study participants, the largest groups were nurses (43.1%) and doctors
(32.4%), followed by office staff (5.3%), medical custodians (4.5%), pharmacists (3.7%), and
medical technologists (3.7%). The sample was predominantly female (68.8%), with a majority
being married (58.1%). Over half of the participants reported a monthly income of at least
9,000,000 VND (approximately $366.6), indicating a relatively stable economic status.

Shift workers exhibited a slightly higher prevalence of overweight (18.9%) and obesity
(15.5%) compared to their non-shift counterparts (16.5% and 14.9%, respectively).
Additionally, shift workers were more likely to report smoking than non-shift workers (5.3%
vs. 3.6%). These findings suggest potential lifestyle differences between the two groups that
could impact overall health outcomes.

Food insecurity appeared to be more pronounced among shift workers, who had higher
average food insecurity scores than non-shift workers (2.04 vs. 1.63), although this difference
was not statistically significant. However, specific indicators of food insecurity were
significantly higher among shift workers: 12.1% of shift workers reported going a whole day
without eating, 27.7% skipped meals, and 20.5% experienced hunger without eating, compared
to 5.6%, 19.7%, and 13.7% among non-shift workers, respectively. Additionally, a greater
proportion of shift workers reported running out of food in their households (14%) compared
to non-shift workers (8%), a significant disparity.

Regarding mental health, the majority of hospital workers reported minimal or mild
depression (89.3%). A smaller percentage exhibited moderate (5.8%), moderately severe
(3.5%), and severe depression (1.4%). Importantly, no significant difference was found in the
risk of depression between shift and non-shift hospital workers, suggesting that shift work
alone may not be a determinant of depression risk in this setting.

Overall, the results underscore notable health and lifestyle differences between shift
and non-shift workers in Vietnamese hospitals, particularly in areas of weight management,
smoking prevalence, and food security. However, the lack of significant disparity in depression
risk suggests that additional factors beyond shift work may influence mental health outcomes

among hospital employees.
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Table 1. Participant characteristics of hospital workers according to shift work schedules

(n=513)

Shift work schedules
Total Shift Non-shift
Characteristics
n (%) n=264 n=249
n (%) n (%)
Gender
Female 353 (68.8) 177 (67.0) 176 (70.7)
Male 160 (31.2) 87 (33.0) 73 (29.3)
Monthly income (1000 VND)
<4,500 11(2.1) 4 (1.5) 7(2.8)
4,500-9,000 210 (40.9) 111 (42.1) 99 (39.8)
>9,000 292 (57.0) 149 (56.4) 143 (57.4)
Educational level
Highschool or lower 43 (8.4) 30(11.4) 13(5.2)
Bachelor’s degree 377 (73.5) 188 (71.2) 189 (75.9)
Master’s degree or specialist level 1 88 (17.1) 44 (16.7) 44 (17.7)
PhD, specialist level 2 or higher 5(1.0) 2(0.7) 3(1.2)
Occupation (in hospital)
Doctor 166 (32.4) 85(32.2) 81 (32.5)
Nurse 221 (43.1) 135 (51.1) 86 (34.5)
Others 176 (24.5) 44 (16.7) 82 (33.0)
Marital status
Never married 201 (39.2) 100 (37.9) 101 (40.6)
Married 298 (58.1) 155 (58.7) 143 (57.4)
Divorced or widow 14 (2.7) 9(3.4) 5(2.0)
Anthropometric (mean+SD)
Height (cm) 159.9+£6.9 160.0 7.0 159.9 +£6.7
Body weight (kg) 57.1+10.2 57.2+10.1 57.0+104
BMI (kg/m?) (mean+SD) 22.2+2.9 222 +2.8 22.2+3.1
Underweight 35(6.8) 15(5.7) 20 (8.0)
Normal weight 309 (60.2) 158 (59.8) 151 (60.6)
Overweight 91 (17.7) 50(18.9) 41 (16.5)
Obese 78 (15.3) 41 (15.6) 37 (14.9)
Smoking status
Smoking 23 (4.5) 14 (5.3) 93.6)
Not smoking 488 (95.5) 248 (94.7) 240 (96.4)

Data were expressed as number (percentage) or Mean+SD. Body mass index (BMI) was categorized
according to the Asia-Pacific guidelines as underweight (<18.5), normal weight (18.5-22.9), overweight
(23.0-24.9), obese (>25.0).
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Table 2. Comparison of food insecurity scores between shift and non-shift hospital workers

Shift work schedules
Total : . Effect
Food security X2 . Shift Non-shift ire
n=264 n=249

FIES score (mean+SD) 1.84+£2.4 2.04£2.5 1.63+£2.2 0.0722

“You were worried you would not have enough food to eat?”
Yes 0.096 162 (31.6) 85(32.2) 77 (30.9) 0.757° 0.014
No 351 (68.4) 179 (67.8) 172 (69.1)

“You were unable to eat healthy and nutritious food?”
Yes 2429 178 (34.7) 100 (37.9) 78 (31.3) 0.119°  0.069
No 335 (65.3) 164 (62.1) 171 (68.7)

“You ate only a few kinds of foods?”
Yes 1.540 147 (28.7) 82 (31.1) 65 (26.1) 0.215°> 0.055
No 366 (71.3) 182 (68.9) 184 (73.9)

“You had to skip a meal?”
Yes 4494  120(23.4) 73 (27.7) 49 (19.7)  0.034>" 0.094
No 393 (76.6) 191 (72.3) 200 (80.3)

“You ate less than you thought you should?”
Yes 0.077 143 (27.9) 75 (28.4) 68 (27.3) 0.781° 0.012
No 370 (72.1) 189 (71.6) 181 (72.7)

“Your household ran out of food?”
Yes 4.644 57 (11.1) 37 (14.0) 20 (8.0) 0.031°"  0.095
No 456 (88.9) 227 (86.0)  229(92.0)

“You were hungry but did not eat?”
Yes 4.169 85 (16.6) 54 (20.5) 34 (13.7)  0.041°" 0.090
No 428 (83.4)  210(79.5)  215(86.3)

“You went without eating for a whole day?”
Yes 6.630 46 (9.0) 32 (12.1) 14 (5.6) 0.010°>" 0.114
No 467 (91.0)  232(87.9)  235(94.4)

Data were expressed as number (percentage) or Mean+SD, “Mann-Whitney U test and "Chi-squared
test was used, significant at the p-value <0.05, and Cramer’s V was used to calculate the effect size.* P

<0.05
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Table 3. Comparison of Patient Health Questionnaire (PHQ-9) score and level between shift

and non-shift hospital workers

Shift work schedules
Total
PHQ-9 Shift Non-shift )2
n=513
n=264 n=249
PHQ-9 score (mean+SD) 4.43+4.6 4.29+4 4 4.59+4.7 0.5412
Minimal depression 320 (62.4) 167 (63.3) 153 (61.4) 0.987°
Mild depression 138 (26.9) 70 (26.5) 68 (27.3)
Moderate depression 30 (5.8) 15 (5.7) 15 (6.0)
Moderately severe depression 18 (3.5) 9(3.4) 9 (3.6)
Severe depression 7 (1.4) 3(1.1) 4(1.7)

Data were expressed as number (percentage) or Mean=SD, *Mann-Whitney U test and "Chi-squared

test were used, significant at the p-value <0.05.

Discussion

Our research reveals that shift workers in Vietnamese hospitals experience higher rates
of meal skipping, undereating, household food shortages, and prolonged hunger periods
compared to non-shift workers. These findings align with previous research by Storz et al.,
which reported similar challenges faced by shift workers in the United States, including
reliance on food stamps and concerns about running out of food®. Interestingly, despite these
challenges, our study did not find a statistically significant difference in overall food security
between shift and non-shift workers. This may be caused by culture. Traditions especially in
Asia, such as sharing food with street food, are widespread, especially after the Covid outbreak.
This has led to a shift in access to food online, however, at night, access to food remains limited.
Unless arrangements have been made in advance, for example by a doctor, nurses working
surgical shifts at night can leave people hungry, and shops closed!”.

The unique context of Vietnam might explain this unexpected finding. Vietnam, a
leading rice exporter with a high national food security ranking, likely offers a safety net that
mitigates extreme food insecurity, even for those who struggle with regular meals. The constant
availability of staple foods like rice may provide a buffer against severe hunger. However,
while this may prevent severe food insecurity, it does not necessarily address the nutritional

inadequacies that might result from irregular eating habits among shift workers.

THE 14" NATIONAL CONFERENCE IN TOXICOLOGY (NCT14)



nNcT4
T 60 Gt G s fcingdy 9 7

“TOXICOLOGY FOR SUSTAINABLE DEVELOPMENT-

Our study also examined the potential disparity in depression risk between shift and
non-shift hospital employees in Vietnam. We found that 37.6% of hospital staff screened
positive for depression risk, a significantly lower figure than the 62.24% reported by Mbanga
et al. in a study focused solely on nurses'®. This difference may reflect the varied occupational
roles and contexts within hospital settings. A meta-analysis by Torquati et al. noted a 33%
higher incidence of depressive symptoms among shift workers across various occupations, but
it did not differentiate between hospital staff and other types of workers!®. Our study's
finding—no statistically significant difference in depression risk between shift and non-shift
hospital employees—aligns with Tahghighi et al.'s study, which also found no substantial
variation in depression risk between shift and non-shift nurses’.

While numerous studies suggest a relationship between night shift work and increased
depression among hospital employees, particularly nurses, few have directly compared
depression rates between non-shift workers in hospitals and general shift workers (including
night, day, and rotating shifts) '* 2!, Our findings suggest that general shift work may not
inherently elevate the risk of depression among hospital employees compared to regular
working hours.

Further research is essential to explore the depression risk among different types of shift
workers (day, night, and rotating) and non-shift workers within the unique hospital
environment. Such studies could provide a more nuanced understanding of how varying work
schedules affect the mental well-being of Vietnamese hospital employees, potentially guiding

policy and workplace interventions to support their health.

Conclusion

This study highlights that shift workers in Vietnamese hospitals face increased
challenges related to meal skipping, undereating, and household food shortages compared to
their non-shift counterparts, though this did not translate into a statistically significant
difference in overall food security, likely due to Vietnam's robust food supply and cultural
practices. Additionally, while a considerable proportion of hospital staff screened positive for
depression risk, no significant difference was found between shift and non-shift workers,
suggesting that general shift work does not necessarily increase depression risk in this context.
These findings underscore the need for further research to clarify how different types of shift
work affect both food security and mental health among hospital employees, which is crucial

for developing targeted strategies to improve their well-being and working conditions.
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Genotoxicity Evaluation of Senegalia catechu Extract Using In Vitro

Micronucleus Assay on Human Cell Lines.
Nathaphat Harnkit!:* TIttiya Noonate! Sarayut Radapong'

! Toxicology laboratory, Medicinal Plant Research Institute, Department of Medical Sciences, Ministry of Public
Health

Abstract

Seesiat (Senegalia catechu) has been widely used as a medicinal plant in traditional
medicine. Although there have been toxicity tests in animal models, its genotoxic potential has
not been comprehensively evaluated. This study aimed to assess the genotoxicity of 95% (v/v)
ethanolic extracts of wood from S. catechu using the in vitro micronucleus assay in human
lymphoblast TK-6 cells following OECD guideline No.487. The extracts were tested at
different concentrations under short-term (4 hours) in the presence and absence of metabolic
activation with S9 mix and long-term (24 hours) exposure conditions in the absence of
metabolic activation with S9 mix. The results revealed a significant increase in micronucleus
frequencies in the short-term assay at concentrations of 300-400 pg/mL and in the long-term
assay at a concentration of 200 pg/mL in the absence of S9 mix. These findings suggest that S.
catechu wood extracts exhibit genotoxic potential. Nevertheless, further toxicological and
genotoxic studies using additional testing methods, both in vitro and in vivo, are necessary to

provide more comprehensive safety data.
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Introduction

Senegalia catechu previously known as Acacia catechu L.f. (Willd.) and commonly
referred to "Seesiat Neu" in Thailand. It belongs to Fabaceae family native to South and
Mainland Southeast Asia. It is also found as an introduced species in Maritime Southeast Asia,
East, and South Africa. This medium-sized deciduous tree typically reaches heights of 5-15
meters. It possesses dark grayish-brown bark, bipinnately compound leaves, pale yellow
flowers borne in axillary spikes and long, flat brown pods'**. Traditionally, all plant parts have
been extensively used in various medicinal applications5. Wood extracts have been employed
to treat pain, fever, diarrhea, leucorrhea, hemorrhoids, and erysipelas®®. Additionally, the wood
has been used as an ingredient in whitening cream products’.

Phytochemical analysis of S. catechu wood extract reveals the presence of catechin,

10, 11" In addition, tannins

epicatechin, flavanol glycosides, flavanol dimers, and caffeine
(including catechins), alkaloids, ascorbic acid, carbohydrates, terpenoids, triterpenoids, and
glycosides have been identified!? 3. The extract exhibits a broad spectrum of biological

15

activities, including antioxidant'* !5, anticancer!¢-%,

antifungal'®, antimicrobial'®,
antihyperglycemic?®,  antinociceptive?®,  immunomodulatory?!,  immunostimulatory?!,
neuroprotection??, and wound healing properties?.

Previous safety studies reported that the sub-acute toxicity of compositions derived
from S. catechu wood extract and Morus alba root bark extract, demonstrating no treatment-
related toxicity or mortality and only minor, spontaneously occurring changes in clinical
chemistry and hematology at the highest dose of 2,000 mg/kg/day?*. Similarly, sub-chronic
toxicity studies of the two bioflavonoids, baicalin from Scutellaria baicalensis root and (+)-
catechin from S. catechu wood, revealed no evidence of toxicity at the highest dose of 1,000
mg/kg/day?. These findings suggest that S. catechu wood extracts exhibit a favorable safety
profile. However, genotoxicity studies of S. catechu wood extracts remain limited.

Genotoxicity refers to a substance's ability to damage genetic material, potentially
leading to mutations and chromosomal abnormalities, thus compromising cellular integrity.
These effects can have severe consequences, including the development of malignancy

(cancer) or heritable mutations causing birth defects?® 27,

Therefore, evaluating the
genotoxicity of S. catechu wood extracts is essential to ensure their safety in medicinal
applications. The in vitro micronucleus assay is a well-established in vitro test system for
detecting genotoxic effects by identifying micronuclei, which are extranuclear structures
containing chromosome fragments or entire chromosomes that fail to incorporate into daughter

nuclei during cell division?®,
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By employing the in vitro micronucleus assay, this study aims to determine whether S.
catechu wood extract has the potential to induce genotoxicity in cells. The findings will
contribute to a more comprehensive understanding of the safety profile of this traditional

medicinal plant extract.

Materials and Methods
Chemicals

Roswell Park Memorial Institute medium 1640 (RPMI 1640 media) was purchased
from American Type Culture Collection (ATCC) (Manassas, VA, USA). Fetal bovine serum
and 100X Antibiotics-Antimycotics (penicillin/streptomycin) were purchased from Gibco
(Grand Island, USA). 4-Nitroquinoline N-oxide (4NQNO, CAS No. 99-56-9), Colchicine
(COLCH, CAS No. 64-86-8), Cyclophosphamide monohydrate (CP, CAS No. 6055-19-2),
Cytochalasin B (Cyto B, CAS No. 14930-96-2), and Dimethyl sulfoxide (DMSO, CAS No. 67-
68-5) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Potassium chloride (KClI,
CAS No. 7447-40-7), Sodium chloride (NaCl, CAS No. 7647-14-5), Methanol (CAS No. 67-
56-1), and Ethanol (CAS No. 64-17-5) were purchased from Merck (Darmstadt, Germany).
Propidium iodide (CAS No. 25535-16-4), and Fluoroshield Mounting Medium with DAPI
were purchased from Abcam (USA). S9 was purchased from Moltox (NC, USA). Cofactor-I

was purchased from Oriental yeast (Japan).

Cell culture

Human lymphoblastoid cell line (TK-6) purchased from ATCC (ATCC no. CRL-8015)
was cultured in RPMI 1640, supplemented with 10% fetal bovine serum (FBS) and 1%
penicillin/streptomycin. Cells were maintained at 37°C in a humidified atmosphere with 5%
COsz. Under laboratory supervision, TK-6 cells exhibit lymphoblast morphology and have a
modal chromosome number of 47. Testing for contamination revealed no presence of

Mycoplasma. The average population doubling time for TK-6 cells was 13 (+1.47) h.

Preparation of S. catechu wood extract

S. catechu wood, harvested from Chanthaburi Province, Thailand, was thoroughly
washed and sliced into pieces before being dried at 50°C and ground into a fine powder. The
dry powder was macerated in a 95% ethanol solution using a shaker for 48 hours. Following
filtration, the resulting crude ethanolic extract was collected and evaporated to dryness using a
rotary evaporator to yield the crude extract powder (11.40 %yield). The stock solution of S.
catechu wood extract (SCWE) was prepared at a concentration of 100 mg/mL in DMSO.

THE 14" NATIONAL CONFERENCE IN TOXICOLOGY (NCT14)



NcT4
T 40 ] G by Dtoigy 1 0 4

“TOXICOLOGY FOR SUSTAINABLE DEVELOPMENT-

Working concentrations of SCWE ranging from 50 to 400 pg/mL were prepared in cell culture
media, ensuring that the final concentration of DMSO remained below 1% (v/v) during

subsequent cell treatment steps.

In vitro cytokinesis-blocked micronucleus assay

TK-6 (Passage n0.6) was seeded at 1.2x10° cells/mL in each well of 6-well plate for 24
h incubation time. The treatments were divided into 3 groups as 1) short-term exposure (4 h)
with S9 enzyme, 2) short-term exposure without S9 enzyme and 3) long-term exposure (24 h)
without S9 enzyme. The next day, cells were treated with different concentrations of SCWE
(200, 300, and 400 pg/mL for short-term exposure groups and 50, 100, and 200 pg/mL for
long-term exposure group). The selected concentrations were determined from a preliminary
test, which used the same concentrations of SCWE (50, 100, 200, 300, and 400 pg/mL) across
three treatment groups. At the highest concentration, there was no effect on the pH and
osmolarity of the test medium. The appropriate concentrations were then chosen based on
cytotoxicity assessments, with three concentrations selected. At the highest concentration, the
cytotoxicity (% cytotoxicity) was around 55+5% (data not shown). The metabolic activation
by S9 mix was added in only the short-term exposure with S9 group. The treatment with
deionized water (10% v/v) was considered as the negative control and DMSO (1% v/v) was
used as the solvent control, while CP, 4NQNO, and COLCH were considered the positive
controls for the cell treatment with and without S9 mix, respectively.

For the short-term exposure groups, the treatment culture medium was replaced with a
solution of 3 pg/mL cytochalasin B in RPMI 1640 medium. In contrast, for the long-term
exposure groups, 20 pL of a 300 pg/mL cytochalasin B stock solution was added to each well
after 4 hours of SCWE treatment, and incubation continued for another 20 hours. After
cytochalasin B treatment, the cells were harvested and prepared for semi-automated approach
according to the procedure proposed by Burgam et al. (2024)*°. Propidium iodide (PI) and
Fluoroshield™ mounting medium with DAPI were used for the dichromic staining process to
classification the micronucleus by Metafer 5 software for automated microscopic platform. The
genotoxicity evaluation was performed according to the OECD guideline No0.487%, the
maximum count for 500 cells was used to calculate the percentage of cytotoxicity from the
cytokinesis block proliferation index (CBPI), following the equations below, for select the top
concentration that achieve a cytotoxicity of 55+ 5% and the frequency of MN was estimated

from maximum count for at least 2,000 binucleated (BN) cells.

CBPI= [Number of mononucleate cells] + 2 x [Number of binucleate cells] + 3 X [Number of multinucleate cells]

[Total number of cells]
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%cytot ty=100-100X ————
Yocytotoxicity: CBPL..1

Statistics analysis

All %MN (the number of MN per 2,000 BN cells) is presented as the mean + standard
deviation (SD). Statistical analysis was performed in SPSS software version 19. A one-way
ANOVA was performed with post hoc Duncan applied to evaluate pairwise statistical
significance between control and treatment individual experiment. The results were judged as
statistically significant when p-value < 0.05. Bar charts and graphs were generated by

GraphPad Prism version 9.4.0.

Results and Discussion

To investigate the pharmacological properties or biological activities of S. catechu
extract, it is crucial to consider its safety. Currently, regulatory authorities worldwide prioritize
safety data, including genotoxicity information, for novel products or chemicals intended for
human use. The in vitro micronucleus test is a standard method for assessing genotoxicity.

In accordance with OECD guideline No.487 in vitro mammalian cell micronucleus
assay>", three sets of experiments were conducted to evaluate the genotoxicity of S. catechu
wood extract: short-term with S9, short-term without S9, and long-term without S9.
Cytochalasin B was employed to inhibit cytokinesis, and the cytotoxicity and micronucleus
frequency in binucleated cells were assessed. The results revealed that S. catechu wood extract
exhibited low cytotoxicity in the short-term experiment with S9 with values of 10.2345.22%,
10.60+6.22%, and 13.25+1.79% at concentrations of 200, 300, and 400 pg/mL, respectively.

In contrast, the short-term experiment without S9 demonstrated higher cytotoxicity at
the same concentrations, with values of 15.05+1.95%, 38.65+5.33%, and 54.32+3.77%,
respectively. The long-term experiment without S9 employed concentrations of 50, 100, and
200 pg/mL, yielding cytotoxicity values of 4.87+3.43%, 23.28+3.99%, and 51.34+0.85%,
respectively (Table 1). The concentrations used in the long-term experiment were attributed to
the excessive cytotoxicity (>554+5%) observed at high concentrations compared to the short-
term experiment, according to the OECD guideline No.487 criteria for selecting appropriate
concentrations for micronucleus assessment. Additionally, the concentrations were chosen to
represent high (achieved 55+5%), moderate, and low or non-cytotoxic conditions.
Furthermore, high concentrations that could alter pH and osmolarity, potentially affecting the
assay, were avoided. Consequently, no further concentrations were added in the short-term

with S9 experiment to meet the 55+5% cytotoxicity, as osmolarity values exceeded 330

THE 14" NATIONAL CONFERENCE IN TOXICOLOGY (NCT14)



mOsmol at concentrations above 400 pg/mL, potentially impacting cell growth®!-32. Therefore,

iNCT14

“TOXICOLOGY FOR SUSTAINABLE DEVELOPMENT-

the selected SCWE concentrations are deemed suitable for micronucleus assessment.

Table 1. Cytotoxic effect of SCWE on TK-6 cell line under with and without S9 metabolic

activation.
Experiment Treatment CBPI % Cytotoxicity % Micronucleus
(mean£SD) (mean£SD)
DI water 1.94+0.08 - 0.94+0.17
DMSO 1.91+0.04 2.72+4.08 1.01+0.22
Short-term Cp 1.39+0.02 58.08+0.80 1.87+0.21%*
with S9 SCWE 200 1.84+0.02 10.23+5.22 0.69+0.25
SCWE 300 1.84+0.02 10.60+6.22 0.86+0.13
SCWE 400 1.81+0.02 13.25+1.79 0.90+0.24
DI water 1.90+0.05 - 0.96+0.24
DMSO 1.93+0.04 n.c. 0.91+0.24
4NQNO 1.66+0.05 26.29+1.74 2.11+0.36*
Short-term
COLCH 1.71+0.11 20.50+8.40 3.81+0.66*
without S9
SCWE 200 1.76+0.06 15.05+1.95 1.08+0.43
SCWE 300 1.554+0.08 38.65+5.33 1.82+0.41*
SCWE 400 1.4140.05 54.32+3.77 2.75+0.41*
DI water 1.89+0.07 - 0.93+0.10
DMSO 2.00+0.07 n.c. 0.79+0.14
4NQNO 1.66+0.09 25.49+3.80 1.76+0.23*
Long-term
COLCH 1.87+0.04 1.78+3.19 5.45+0.84*
without S9
SCWE 50 1.84+0.04 4.87+3.43 0.38+0.08
SCWE 100 1.68+0.02 23.28+3.99 0.96+0.22
SCWE 200 1.43+0.04 51.34+0.85 1.39+0.21%*

n.c.: not calculate because CBPI value more than or equal to CBPI of negative control.

DI: Deionize water used as negative control, DMSO: used as solvent control.

CP: Cyclophosphamide monohydrate used as positive control (clastogen) for S9 enzyme experiment.
4NQNO: 4-Nitroquinoline N-oxide used as positive control (clastogen) for without S9 enzyme
experiment.

COLCH: Colchicine used as positive control (aneugen) for without S9 enzyme experiment.

*: Significant differences compare with negative control (p-value <0.05).
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According to the evaluation criteria OECD guideline No.487, a substance is considered
capable of inducing chromosome breaks and/or gain or loss if its micronucleus frequency
exceeds that of the negative control in at least one concentration, regardless of the test set, and
exhibits a dose-related increase. In the present study, two test sets met these criteria: short-term
without S9 and long-term without S9. The short-term experiment without S9 demonstrated a
dose-dependent increase in micronucleus frequency (1.08+0.43%, 1.82+0.41%, and
2.75+0.41% at concentrations of 200, 300, and 400 pg/mL, respectively), with statistically
significant increases compared to the negative control (0.96+0.24%) at concentrations of 300
and 400 pg/mL (Figure 1 and Table 1). Similarly, the long-term experiment without S9
revealed a dose-dependent increase in micronucleus formation (0.38+0.08%, 0.96+0.22%,
1.39+0.21% at concentrations of 50, 100, and 200 pg/mL, respectively), with a statistically
significant increase compared to the negative control (0.93+0.10%) at 200 pg/mL (Figure 2
and Table 1). In contrast, the short-term experiment with S9 showed no significant difference
in micronucleus frequency compared to the negative control (Figure 3 and Table 1). All three
positive controls, namely 4NQNO (clastogen) and COLCH (aneugen) for assays without S9,
and CP (clastogen) for assays with S9, induced a statistically significant increase in
micronucleus frequency compared to the negative control, demonstrating clear positive
responses for all tests. All the negative controls for this assay fall within the distribution range
of the historical negative control data (data not shown). According to the OECD evaluation
criteria as mentioned above, our analysis results indicated the inductive effect of SCWE on
chromosome breaks and/or gain or loss.

Even though information regarding the genotoxicity of S. catechu wood extract
(SCWE) has never been reported before, it is important to consider the potential implications
based on the known properties of its abundant phytochemicals. Since catechin is a prominent
compound in S. catechu wood'’, it could possibly be the primary cause of genotoxicity.
Research on the genotoxicity of catechins, particularly those derived from green tea, has found
genotoxic effects at the cellular level, including chromosome aberrations and thymidine kinase
(Tk) gene mutations®’. These findings align with the trends observed in our current study.
However, in contrast, in vivo studies of catechin showed no significant increase in
micronucleated polychromatic erythrocytes, even at high doses (up to 2,000 mg/kg) *3. These
findings raise concerns about the safety profile of SCWE, particularly regarding its genotoxic
potential. The extraction solvent significantly affects the concentration and composition of
bioactive compounds like catechin. Ethanol may extract different compounds compared to
water, traditionally used in A. catechu preparations, potentially leading to varying biological

effects, including genotoxicity. Thus, genotoxicity findings from ethanolic extracts may not
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apply to traditional water-based methods, highlighting the importance of considering the
extraction method in safety and efficacy assessments. In regulatory and safety assessments,
both chromosome aberration tests and other genotoxicity assays (such as the micronucleus test
mentioned earlier) are used to evaluate the potential risks of substances to human health.
Besides the micronucleus assay, detecting chromosome aberrations can indicate the genotoxic
potential of a substance, highlighting its potential to cause genetic damage that could lead to
adverse health effects, including cancer. Therefore, both assessments are crucial in determining

the safety of chemicals, pharmaceuticals, and other products intended for human use.

Short-term without S9
5 - *
4=
3= *

% Micronucleus

Figure 1. SCWE-induced micronucleus in TK-6 cell line at concentrations 200, 300, and 400 pg/mL
in short-term exposure without S9. The frequency of micronucleus is presented as the percentage of
micronuclei relative to 2000 binucleated cells. Data shown means = SD (n=3). The significant
difference was compared relatively to the control (p-value < 0.05). (DI: negative control, DMSO:

solvent control, 4ANQNO: clastogen positive control, COLCH: aneugen positive control).
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Long-term without S9
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Figure 2. SCWE-induced micronucleus in TK-6 cell line at concentrations 50, 100, and 200 pg/mL in
long-term exposure without S9. The frequency of micronucleus is presented as the percentage of
micronuclei relative to 2000 binucleate cells. Data shown means + SD (n=3). The significant difference
was compared relatively to the control (p-value < 0.05). (DI: negative control, DMSO: solvent control,

4NQNO: clastogen positive control, COLCH: aneugen positive control).
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Figure 3. SCWE-induced micronucleus in TK-6 cell line at concentrations 200, 300, and 400 pg/mL
in short-term exposure with S9. The frequency of micronucleus is presented as the percentage of
micronuclei relative to 2000 binucleate cells. Data shown means + SD (n=3). The significant difference
was compared relatively to the control (p-value < 0.05). (DI: negative control, DMSO: solvent control,

CP: clastogen positive control).
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Conclusion

This study assessed the genotoxicity of ethanolic extracts from Senegalia catechu wood
using the in vitro micronucleus assay in human lymphoblast TK-6 cells. Significant increases
in micronucleus frequencies were observed, particularly at concentrations of 300-400 pg/mL
in the short-term assay and at 200 pg/mL in the long-term assay without S9 mix. These results
highlight the potential genotoxicity of Senegalia catechu wood extracts (SCWE), emphasizing
the need to consider both exposure duration and metabolic activation in such studies. Future
research should focus on elucidating the underlying mechanisms of genotoxicity and evaluating
the safety of SCWE in more complex biological systems to better understand their risk to

human health.
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A4. Evaluation of Mutagenic Activity of Different Leaf Extracts from Albizia
lebbeck (L.) Benth.

Chadamas Promkum'#, Wannagorn Khunnasarn?#, Rianthong Phumsuay?,
Sarunya Kitdumrongthum', Chaniphun Butryee!, Chawanphat Muangnoi’,
Monruedee Sukprasansap!”

' Food Toxicology Unit, Institute of Nutrition, Mahidol University, Nakhon Pathom, 73170, Thailand, #Authors
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2Program in Toxicology and Nutrition for Food Safety, Institute of Nutrition, Mahidol University, Salaya Campus,
Nakhon Pathom, 73170, Thailand,

3 Cell and Animal Model Unit, Institute of Nutrition, Mahidol University, Nakhon Pathom, 73170, Thailand

Abstract

Mutagenesis is a process that involves genome change, such as point mutation, deletion,
insertion, and substitution of nucleotide bases. In the long-term effects, this event can
eventually result in cancer. Albizia lebbeck (L.) Benth. is a traditional medicinal plant found in
tropical countries, including Southeast Asia such as Thailand. It has been shown to be a good
source of biological health effects. However, no data has been reported on the effects of the
mutagenic activities of the young edible leaf of 4. lebbeck (Ta-kuk in Thai). Therefore, the
present study aimed to evaluate the effect of the edible leaf of Ta-kuk from different extracts
on the mutagenic activities by Ames Salmonella mutagenicity assay. The Salmonella
typhimurium strains TA98 and TA100 were used in our model without metabolic enzyme
activation. The Ta-kuk leaves were extracted by water, ethanol, and hexane. Our results showed
that each extract was non-toxic and non-mutagenic at different concentrations (375, 1500, and
6000 pg/plate) in strains TA98 and TA100. Therefore, the data suggest that the young edible
leaf of A. lebbeck or Ta-kuk seems to be safe for consumption. This enhances our understanding
of the mutagenic activity related to this Thai native plant.

Keywords: Albizia lebbeck (L.) Benth., Ames test, Mutagenic activity, Sa/monella typhimurium strains
TA98 and TA100
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A6. Assessing Tomatidine Toxicity: Dose-Response Analysis of
Mitochondrial Membrane Potential in Fibroblasts

Chonlaphat Sukthanarak!, Bhoom Suktitipat!, Chayanon Peerapittayamongkol’*

! Department of Biochemistry, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok 10700,
Thailand

Abstract

Tomatidine is a compound that has garnered significant attention in recent years owing
to its potential health benefits. It exhibits structural similarities to other steroids derived from
plants. Although tomatidine has demonstrated promise in various studies, it is essential to
approach its use as a supplement with caution. Mitochondrial membrane potential (MMP) is
indeed a valuable and sensitive measurement for evaluating cellular toxicity. We has developed
and published a high-throughput assay for measuring MMP, which employs a high-content
imaging technology in conjunction with image analysis techniques. Fibroblast cultures were
maintained in DMEM supplemented with 5 mM glucose. The cultures were subsequently
exposed to tomatidine at concentrations ranging from 0 to 50 uM for 24 h in triplicate. MMPs
were assessed using the JC-10 fluorescent dye. Image acquisition was performed using the
Operetta-CLS High Content Image System. Quantitative analysis of the fluorescent signals was
conducted employing a pipeline implemented in CellProfiler software. MMPs were normalized
to a scale of 0 to 1. To avoid negative values, tomatidine concentrations were transformed by
adding 1 to each concentration value prior to logarithmic conversion. Dose-response analysis
was subsequently performed using the ‘drda’ package in R statistical software, version 4.4.1.
Histograms depicting the distribution values both prior to and following normalization were
generated for visualization. Using the default function, the dose-response data for tomatidine
were fitted. The analysis yielded an EC50 value for MMP depolarization of 14.10 uM, with a
95% confidence interval (CI) ranging from 13.70 to 14.34 uM. If one accepts the dosage at 75
percentile the upper limit, then a concentration of 19.10 uM (CI: 18.29-20.05 pM) should be
flagged. This safety limit is consistent with findings from a study involving pancreatic cancer
cells, which indicated that tomatidine at a concentration of 24 puM begins to impact cell
viability.
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