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Thai Journal of Toxicology (TJT) is the official
journal of Thai Society of Toxicology.
The objective of TJT is to publish peer-
reviewed, hypothesis-driven,  original
research articles, as well as important
reviews, commentary that are relevant to
diversify area of toxicology. Articles may
involve laboratory experiments, epidemio-
logical or clinical studies.
General Guideline: Three copies of
manuscript (2 copies omit authors/
address/ acknowledgments for peer
review) should be submitted to the editor
by mail. The cover letter should include
name, address, telephone, fax number
and e-mail address. All authors listed on
the cover page must sign a statement
indicating that they have approved of the
contents of the submitted manuscript. A
diskette or CD should be submitted
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Preparing a Manuscript:

1. The manuscript could be written in English
or Thai. The maximum length of the article
is 15 pages including tables, figures,
references and abstracts/key words. Thai
and English versions of abstracts must be
submitted and limited to 250 words. Type
the abstract in 1-2 paragraphs.

2. The manuscript should be typed with 1-
inch margins at all sides, on one side of A-
4 paper. A current copy of the Thai Journal
of Toxicology will show the correct format
and style.

3. Fonts:

Thai — Angsana 16 — single line spacing
English —Times New Roman 12 — 1.5 line
spacing

4. Tables and Figures: Table and figure
should be typed on separate pages.

5. References: Number references in
superscript in the order cited in the text.
References must be verified by the
author(s) against the original documents.
For articles printed in a language other
than English, indicate the language in

parentheses after the article title. For more
than 3 authors, list the first 3 and add “et
al”. The title of journal should be abbre-
viated according to the List of Journals
Indexed in Index Medicus. Telescope
page numbers, e.g. 125-9, 181-95.
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Message..........

THAI-EMS
%Niuﬁ%ﬁqﬁﬂllﬁﬁﬂixlﬂﬁ1ﬂﬂ
Thai Environmental Mutagen Society
I N

As the vice-president of Thai Society of Toxicology (TST), and the president
of Thai Environmental Mutagen Society (TEMS), it gives me much honor
and pleasure to convey my hearty welcome to all distinguished speakers,
guests and participants on coming to the 2"* National Conference in Toxicol-
ogy at Miracle Grand Convention, Bangkok.

It is good news that many organizations expressed their passion to organize
this 2" NCT. Besides TST, the additional organizers include the Thai Soci-
ety of Clinical Toxicology, TEMS, Department of Medical Science, Ministry of
Public Health and Center of Research and Technology Development in Live-
stock Production, Faculty of Veterinary Science, Chulalongkorn University.
The commitment of this annual meeting is to bring together the best minds
and latest knowledge in various aspects of toxicology for achieving excel-
lence in education and research of the country.

Environmental mutagens are known to be the genotoxic substances that can
bring about the negative effects to human health, ecosystems and food
chains. They therefore must be in a great concern to be avoided and pro-
tected. TEMS has been established in 1979 from the leading of Professor
Dr. Sumin Samutakupta in gathering the members whom attended The 1%
Southeast Asian Workshop on Detection of Environmental Mutagens, Car-
cinogens and Teratogens (EMCAT Workshop). The society has run a num-
ber of activities locally and internationally since then. Regarding to the mis-
sion and vision of the society for stronger operation, we proposed to jointly
work with TST, TSCT especially in organizing the conference. TEMS is now
a member of Asian Association of Environmental Mutagen Societies
(AAEMS) and International Association of Environmental Mutagen Societies
(IAEMS). From December 15 to 18 of next year, TEMS in cooperation with
National Cancer Institute (NCI) and Faculty of Pharmacy, Mahidol University
will organize The 2™ Asian Conference on Environmental Mutagens (ACEM)
in Bangkok - Pattaya.

While joining the 2™ NCT, hope the experience from this Conference will
bring you more brilliant ideas and result in more linkages with each others.
Besides, will look forward enthusiastically to your participation and support to
our conferences always. Thank you.

e =

Thai Environmental Mutagen Society

President
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Global Warming and Emerging Issues in Toxicology:
Food-borne Poisonings

Winai Wananukul

Department of Medicine, Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok, Thailand

ABSTRACT

]t is postulated that global warming accelerates insect’s life cycle and population. Some insects will
destroy corps which are essential for human. This will exert pressure on man to use pesticides.
Thus, adverse effects from using insecticides are concomitantly increased. This article will address the
health effects from pesticide exposure and poisoning. It is predicted that acute insecticide poisoning will
inevitably increase. Insecticides are composed of the old and the new chemicals. The old ones are ex-
emplified by organochlorine (OC), organophosphorus (OP) and carbamate, whereas the new generation
insecticides include pyrethroid, abamectin and neonicotinoid. The new generation is supposed to have
less toxicity than the old one. According to the evidence, OCs are categorized teratogen and carcinogen
rating 2B. They are as classified as endocrine disruptors and persistent organic pollutants. It is a commit-
ment worldwide for banning the OCs out of the market. For OP insecticides, they are associated with
neuropsychiatric disorder which is called “chronic organophosphate induced neuropsychiatric disor-
der” (COPND), but there is no strong evidence to suggest that they are carcinogens or teratogens. Some
evidences suggest that pyrethroids may cause some chronic effects such as polyneuropathy, organic
brain syndrome and autonomic dysfunction. Carcinogenic and teratogenic effects are not established in
chronic pyrethroid exposure. Avermectin can cross placenta, however, no human data to show its terato-
genic effect. No carcinogenic effect is observed in long term animal study. The human data of neonicoti-

noids are limited.
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Toxic Gas from Fermentation

Suda Vannaprasaht

Department of Pharmacology, Faculty of Medicine, Khon Kaen University, Khon Kaen 40002, Thailand

ABSTRACT

The today situation of global warming may increase risk of toxic gases from fermentation. These
toxic gases are divided into three groups: simple asphyxiates, chemical asphyxiates and irritant
gases. Simple asphyxiates are gases that can displace oxygen from ambient air leading to oxygen frac-
tion of lower than 21%. Common simple asphyxiates are methane, carbon dioxide, nitrogen gas. As-
phyxia is manifested primarily by central nervous system and cardiovascular system dysfunction. CNS
effects from asphyxia are nausea, vomiting, dizziness, agitation, and loss of consciousness. Moreover,
cardiovascular manifestations are dysrhythmias, hypotension, heart failure and myocardial infarction.

Management is removing from source place and oxygen therapy.

Decay of sulfur containing protein in some industry such as fish sauce or fish fermentation, can produce
hydrogen sulfide (H,S). H,S is cellular toxic gas as it inhibits cytochrome oxidase, thereby interrupt oxida-
tive phosphorylation. This mechanism is similar to cyanide poisoning but its toxicity is more potent than
cyanide. As a result, H,S cause cellular hypoxia and anaerobic metabolism. The main clinical manifesta-
tion of H,S is rapid conscious loss after inhalation of rotten egg odor. The initial treatment is to remove
the patient to fresh air environment and oxygen therapy. 3% sodium nitrite is administered to induce
methemoglobin. H,S has higher affinity to methemoglobin than cytochrome oxidase and then forming
sulfhemoglobin. Unlike cyanide poisoning, sodium thiosulfate is not useful in the treatment of H,S intoxi-

cation.

Silo filler disease is pulmonary injury from nitrogen dioxide and its polymers. Nitrogen dioxide (NO) is
produced from agricultural silo. NO, is transformed to nitric acid which causes lung injury. Because of its
low water solubility, nitric acid usually affect lower airway. However, if high concentration is inhaled, it
may cause acute bronchitis and pulmonary edema. Management is supportive to correct hypoxia, ventila-
tion failure and secondary infection.
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Global Warming and Emerging Issues in Toxicology:
Marine Envenomations and Intoxications
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Table 1 Important toxic syndromes related to harmful algal blooms and jellyfish envenomations

Causes

Clinical manifestations

Amnesic shellfish Toxins: Domoic acid
poisoning

nitzschia, -

Exposure and vectors: Consumption

Organisms: Algae genus Pseudo-

Onset: Within 15-38 hours after ingestion
Nausea, vomiting, severe diarrhea
Headache, delirium, loss of short-term
memory, myoclonus, seizures and coma

of contaminated bivalve shellfish:
mussels, oysters, clams and scallops

Azaspiracid shell-
fish poisoning

Toxins: Azaspiracids
Organisms: Protoperidinium

Exposure and vectors: Consumption

Onset: Within 24 hours after ingestion
Nausea, vomiting, diarrhea, abdominal
pain, headache fever and chill

of contaminated bivalve shellfish:
mussels, oysters, clams and scallops

Diarrhetic shellfish
poisoning toxin, Pectenotoxin group

Organisms: Dinoflagellates:

Toxins: Okadaic acid , Dinophysis-

Onset: Within 24 hours after ingestion
Nausea, vomiting, colicky abdominal pain
and severe diarrhea

Dinophysis spp. and Prorocentrum

Spp.

Exposure and vectors: Consumption
of contaminated bivalve shellfish:
mussels, oysters, clams and scallops

Neurotoxic shellfish  Toxins: Brevetoxins

Onset: Within 24 hours after ingestion

poisoning

Organisms: Dinoflagellate Karenia
brevis, Karenia spp., Chatonella
spp., Fibrocapsa japonicas
Exposure and vectors: Consumption
of contaminated bivalve shellfish:
mussels, oysters, clams and scallops

Abdominal pain, nausea, diarrhea, head-
ache, bradycardia and paresthesia, sense
of temperature reversal, myalgia, vertigo,
ataxia and floating sensation
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Table 1 Important toxic syndromes related to harmful algal blooms and jellyfish envenomations (continued)

Causes

Clinical manifestations

Paralytic shell-
fish poisoning

Ciguatera fish
poisoning

Cyanobacterial
poisoning

Aerosolized
Florida

red tide respira-
tory syndrome

Box jellyfish
envenomation

Irukandji syn-
drome

Toxins: Paralytic shellfish toxins
(Saxitoxins)

Organisms: Dinoflagellates:
Gymnodimium catenatum, Pyrodinium
bahamense, Pyrodinium bahamense
var. compressum, Pyrodinium spp,
Alexandrium spp, and Gonyaulax spp.
Exposure and vectors: Consumption of
contaminated bivalve shellfish: mus-
sels, oysters, clams and scallops

Toxins: Ciguatoxin

Organisms: Dinoflagellate
Gambierdiscus toxicus

Exposure and vectors: Consumption of
contaminated deep sea reef fish:
grouper, red snapper, barracuda

Toxins: Anatoxin-a, microcystin,
Nodularin

Organisms: cyanobacterial algae
(Anabaena, Aphanizomenon,
Microcystis)

Exposure: Drinking contaminated water

Toxins: Lyngbyatoxin

Organisms: cyanobacterial algae
Lyngbya spp.

Exposure: Swimming in contaminated
water

Toxins: Brevetoxins

Organisms: Dinoflagellate

Karenia brevis

Exposure: Inhalation of aerosolized
brevetoxins produced during the red
tide bloom blown by wind to coastal
areas

Stinging by jellyfish: Chironex fleckeri,
Chiropsalmus quadrigatus and
Chiropsalmus quadrumanus

Stinging by jellyfish: Carukia barnesi,
Carybdea alata, Malo maxima, and
Caybdea xaymacana

Onset: Within 24 hours after ingestion

Paresthesia and hyperesthesia of face,
mouth and tongue and extremities, nau-
sea, vomiting, abdominal pain, dyspnea,
sense of dissociation, paralysis

Onset: Within 6 hours after ingestion
Vomiting, diarrhea, headache, paresthe-
sia of the mouth and extremities, ataxia,
blurred vision, photophobia, hot/ cold
reversal, extreme pruritus, hypotension
and bradycardia

Onset: Within 24 hours after ingestion
Nausea, vomiting, diarrhea, elevation of
liver enzyme

Irritation of skin, eyes, nose and skin rash

Acute exacerbation of asthma

Immediate progressive pain with urticarial
rash at contact site

In severe cases: dermal necrosis, ladder-
pattern skin burn, loss of consciousness,

ARDS and cardiac arrest

Initial: Mild redness and mild pain at the
site of contact

After a delay of 5 to 50 minutes (mean 30
minutes) severe pain, typically severe
lower back pain, spreading to the limbs,
abdomen and chest

Manifestations of catecholamine excess:
tachycardia, hypertension, diaphoresis,
piloerection and restlessness

Severe cases: heart failure, pulmonary
edema, intracerebral hemorrhage
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Nanotoxicology: A Safety Evaluation of Nanomaterials

Rawiwan Maniratanachote

National Nanotechnology Center, National Science and Technology Development Agency, Thailand

Overview

P l anomaterials are incorporated into various categories of consumer products, including cosmetics,

textiles, electronics, food and medicines.

The increase in demand of nanomaterials in these

manufacturers is leading to the increase in their bulk production. Thus, safety of these materials to hu-

man health and the environment becomes concerning issues.

Because of their very small size and

higher surface area per mass, nanomaterials often behave differently from their bulk counterparts. Most

of them have greater chemical and biological activities as well as toxicological effects.

The term of

nanotoxicology, therefore, has been emerged. Additionally, nanomaterials can be internalized into the

cells of living organisms in which they might interact with the intracellular components. This work col-

lected some studies on toxicological effects of three high frequent used nanomaterials including silver,

titanium dioxide and carbon nanotubes.

Silver

Silver nanoparticles are potent and broad-
spectrum antibacterial agents with activity against
diverse species within both Gram-positive and
Gram-negative bacteria." They have been ap-
plied in diverse consumer products, such as
clothes, socks and laboratory gowns, as well as
in medical products, such as surgical gowns and
dressing bandages, which are claimed to have
the ability to inhibit bacterial growth.

In humans, it is well known that long-term
ingestion of silver compounds can cause irre-
versible skin discoloration or Argyria.? In the case
of silver nanoparticles, an investigation reported
that they can be penetrated through a human skin
model.> They are toxic to many mammalian cul-
tured cells such as peripheral blood mononuclear
cells, BRL3A rat liver cells and germ line stem
cells.*® metal

In addition, among several

nanoparticles (silver, molybdenum and alumi-

num), silver was found to be the most toxic to the
cells.® In rats, inhalation of silver nanoparticles
caused adverse effects to the liver, kidney and
lungs as well as the silver being observed to accu-
mulate in several tissues.”®

Furthermore, silver nanoparticles also ex-
erted toxic effects on aquatic organisms by reduc-
ing the algal photosynthetic yield and inducing
abnormalities in Zebrafish embryos.®'® Recently,
it was reported that silver nanoparticles are re-
leased into the aquatic environment during the
washing process of silver-treated fabrics."" There-
fore, the ultimate release of silver nanoparticles
from commercial products during their life cycle
into the environment might present a potential risk

to the ecological system.

Titanium dioxide
Titanium dioxide (TiOy) is a naturally occur-
ring mineral and commonly found in three crystal-

line forms: rutile, anatase and brookite. Anatase
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crystalline form is the most effective photocatalytic
activity. This photocatalytic activity of TiO, can de-
compose both gram positive and gram negative
bacteria."? Nano-sized TiO, particles have a higher
degree of antibacterial effects and are of consider-
able industrial interest. Thus, safety of this material
and health implications become the point of con-
cern.

Sterns et al. reported that TiO, nanoparticles
can be internalized into the A549 cells.”® In in vitro
studies, there are large variations in biological ef-
fects of TiO, nanoparticles among cell types and
experimental designs. For instance, they caused
an increase in the cytokine interleukin-8 production
without significant difference in human dermal mi-
crovascular endothelial cell viability." However, in
another study, TiO, nanoparticles potentially in-
duced DNA fragmentation and apoptotic cell death
in Syrian hamster embryo fibroblasts.' In addition,
there are several in vitro studies on toxic effects of
TiO, nanoparticles with non-cytotoxic UV-irradia-
tion. The cell viability was decreased significantly
after being exposed to UV-activated TiO, nanoparti-
cles.”®™” The cytotoxicity was likely from reactive
species generated from the photocatalysis of TiOs.

An inhalation study in rats, mice and ham-
sters revealed that subchronic exposure to aerosol
of 10 mg/m® TiO, nanoparticles caused lung bur-
dens which increased in a dose-dependent man-

ner."®

The development of pulmonary inflamma-
tion, however, was found in rats and mice but not
hamsters.” Moreover, pulmonary toxicity of TiO,
was also dependent on their crystalline phase, sur-

face chemistry, particle overloading.'®*'

Carbon nanotubes

Carbon nanotubes (CNTs) mainly exist in two
different forms including single-walled carbon nano-
tubes (SWCNTs) and multi-walled carbon nano-

tubes (MWCNTs).?% These nanomaterials have

unique electrical, mechanical and thermal proper-
ties which have been applied in various technolo-
gies such as electronic, computer, aerospace as
well as medicines.

Effects of CNTs have been studied in vari-
ous organs including lung, skin as well as immune
cells.**?® Among these organs, lung is considered
to be less protected. In addition, unprocessed
CNTs are very light and easy to become airborne.
Bundle of CNTs could be internalized into human
lung epithelial cells and appeared inside mito-
chondria.?’ Once the particles are presented in
the lung, they will be trapped and interact with the
biological environments.

In rodent models, intratracheal instillation of
CNTs to the animals caused a dose-dependent
formation of pulmonary granuloma and inflamma-

tion 28-30

The onset of lung abnormalities in
SWCNTSs treated mice can be detected in 7 days
after just single exposure and persisted as long as
90 days. Carbon black and quartz, negative and
positive controls, were less toxic to the animal
than SWCNTs.?®

Normally, human skin consists of several
layers and so provides a good protective barrier.
Monteiro-Riviere et al. reported some in vitro toxic
effects and irritation response of MWCNTSs in hu-
man epidermal Kkeratinocytes at relatively high

concentrations.®

Summary

Although, from previous studies, nanomate-
rials have possibility to generate toxic effects to
living organisms, there is no clear evidence that
they can be a serious problem. In some experi-
mental designs, nanomaterials were used at too
much higher concentration than that from real ex-
posure. Nevertheless, proactive approaches of
safety inspection and evaluation are still neces-

sary. In addition, understanding of nanotoxicology
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can also help to facilitate safe use of nanomateri-

als.
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Challenge: Development of Regulation and Control of
Nanomaterial Safety in Consumer Products
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Controversies in Pesticide Poisonings:
Treatment of Paraquat Poisoning
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Controversies in Insecticide Poisoning

Winai Wananukul

Department of Medicine, Faculty of Medicine Ramathibodi Hospital, Mahidol University

ABSTRACT

Organophosphorus (OP) insecticide poisoning is a major poisoning in Thailand and developing
countries. It causes high morbidity and mortality rate among the insecticide poisoning. Although it
is an old insecticide, mechanisms of poisoning and appropriate management still remain unclear. Some

points of these controversies are raised for discussion.

It has been observed that the clinical manifestation and severity of OP poisoning vary from cases to
cases. lIs it explained simply by the dose of exposure? In fact, OP is a group of chemicals whose chemi-
cal structures are mainly derivatives of phosphoric acid or thiophosphoric acid and will be called “oxon”
and “thion” OP. Thion OP is an inactive form, where as its metabolite (oxon) OP is the active form.
Thion is also more fat distribution than oxon. This difference has contributed for the varieties of effects of

OP poisoning.

Oxime therapy is the most controversial issue. Theoretically, oxime reactivates acetylcholinesterase
(ACh) enzyme which is irreversibly inhibited by OP. Therefore, it would be beneficial for acute OP poi-
soning. Unfortunately, meta-analysis of the clinical studies in the past did not conclusively demonstrate
their beneficial effects. Chemically, most of OPs are either dimethyl or diethyl. Recent studies have
shown that dimethyl OPs caused aging of the enzyme more rapidly than diethyl OPs. Thus, oximes
would have beneficial effect to diethyl OP poisoning than dimethyl OP poisoning. However, some studies
show this discrepancy of the treatment. The most recent randomized control trial of pralidoxime therapy
on OP poisoning showed the different outcomes between the 2 groups of OP, but it did not demonstrate
the beneficial effects over placebo. Surprisingly, the outcome is worse than placebo. The reason for
these findings has not been elucidated yet. Conclusion: different OP causes different clinical severity and
outcome. Mechanism of OP poisoning may not only be inhibition of ACh. Oxime therapy needs more

extensive studies.
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Genetic Epidemiology of Breast cancer in Thai women

Suleeporn Sangrajrang
Research Division, National Cancer Institute, Bangkok, Thailand

ABSTRACT

% reast cancer is the first leading cancer among Thai women and the incidence still increasing. Al-

though there are well established risk factors, such as age at first child’s birth, nulliparity, and fam-

ily history of breast cancer, the etiology of breast cancer is still not completely known, particularly in Thai-

land.

There are many single nucleotide polymorphisms (SNPs) in human genome that alter the activity of key
enzymes. High-throughput molecular method can be used to associate with specific diseases in case-
control studies and provide clues to causation. To evaluate the role of genetic polymorphisms of selected
gene and gene-environment interactions in breast cancer, we conducted a case-control study with 554
cases and 572 controls. Cases were all new incident breast cancer patients histopathologically diag-
nosed in the National Cancer Institute in Bangkok and in Khon Kaen University hospital, and Khon Kaen
General Hospital during the period of May 2002 - March 2004. Controls were randomly selected from
healthy women that visited patients admitted to the same hospitals for diseases than breast or ovarian

cancer, who were matched to cases on age (z 5 years) and residence.

Selected genes included are those involved in estrogen synthesis and metabolism (CYP1A1, CYP1A2,
CYP1B1, CYP17, CYP19, CYP2C9, CYP2C19, ESR1, PGR, ERRG, COMT, NQO1, HSD17B1,
HSD17B2, AhR), folate and alcohol metabolism (MTR, MTRR, MTHFR, TYMS, ADH1C, ALDH?2,
GSTP1, NAT1, NAT2, CYP2E1, DRD2, DRD3,SLC6A4), DNA repair (hOGG1, APE1, XRCC1, XRCC2,
XRCC3). Genetic polymorphism were determined by PCR, PCR-RFLP, light-cycler and 5’-nuclease as-
say (Tagman). Some SNPs showed significantly different distribution between case and control. For ex-
ample, we found that CYP1A2, CYP2C19, AhR genotypes were associated with an increased risk of
breast cancer, while a protective effect of CYP17, CYP1B1, ERRG genotype were found. For genetic
polymorphism of DNA repair enzyme, we found that APE1 showed a significant protective effect of
breast cancer risk. Further more, subgroup analysis based on menopausal status revealed increased
breast cancer risk in postmenopausal women and OGG1 polymorphism. Diplotype analysis of XRCC1
(codon 194, 280, 399) revealed that CGA/CGA carriers had an increased risk of breast cancer compared
with carriers of the wild type CGG/CGG. When the joint effect of XRCC1, APE1 and OGG1 polymor-
phism were evaluated, individuals homozygous for two or three risk allele were associated with breast

cancer risk.

In conclusion, these results suggest that genetic polymorphisms of some selected penetrance genes in

individual susceptibility to breast cancer development in Thai Women.

THE 2N NATIONAL CONFERENCE IN ToxicoLoGY 17-18 DECEMBER 2009



Thai J Toxicology 2009; 24(2): 63 Symposium 7/ 63

Pharmacogenomics and Its Applications

Soranun Chantarangsu
Department of Oral Pathology, Faculty of Dentistry, Chulalongkorn University

ABSTRACT

Adverse drug reactions (ADRs) in patients cause more than 2 million hospitalizations including
100,000 deaths per year in the United States. In 2002, ADRs accounted for 6.5% of hospital ad-
missions and 0.15% of subsequent deaths in United Kingdom. In order to improve the efficacy and safety
and to understand the disposition and clinical consequences of drugs, pharmacogenetics and pharmaco-
genomics have undertaken studies on the genetic personalization of drug response. This is because
many drug responses appear to be genetically determined and the relationship between genotype and
drug response may have a valuable diagnostic value. Identification and characterization of a large num-
ber of genetic polymorphisms (biomarkers) in drug metabolizing enzymes and drug transporters in an
ethnically diverse group of individuals may provide substantial knowledge about the mechanisms of inter-
individual differences in drug response and improve the management of patient care by determining
which patients should avoid a specific drug and which patients should take a modified dose of the drug.
This strategy could potentially reduce medical costs and improve the process of drug development.
Nevirapine (NVP) is a non-nucleoside reverse transcriptase inhibitor and is frequently used as one of the
basic components in highly active antiretroviral therapy for HIV-1 infection in resource-limited countries
because of its efficiency and availability as an affordable generic combined pill. However, it often causes
cutaneous adverse drug reactions with an approximate incidence of 15-20%. This study aimed to investi-
gate an association between genetic risk factors and NVP-induced skin rash in 80 HIV patients with
NVP-induced skin rash and 80 NVP-tolerant patients by means of candidate genes and genome-wide
approaches. As well, the study evaluated a replication sample set (80 NVP-rash cases and 142 tolerant
patients).

The candidate gene approach revealed a significant association between HLA-B*3505 and NVP-induced
skin rash with a p-value of 3.8 x 10 in a combined data set (OR = 21.79, 95% CI = 5.62-84.03). Using
the genome-wide approach, the verification of SNP marker loci identified significant associations of 15
polymorphisms in the CCHCR1 gene with an equivalent p-value of 1.2 x 10® in a combined data set (OR
= 4.36, 95% CI = 2.58-7.36). Logistic regression analysis also indicated that HLA-B*3505 and CCHCR1
polymorphisms were significantly associated with skin rash with p-values of 0.00155 and 0.0080, respec-
tively. A combination of these novel genetic markers predicts the risk of NVP-induced skin rash with a
sensitivity and specificity of 37.8% and 88.4%, respectively.

Our findings supported the importance of this study in identifying common moderate risk alleles in phar-
macogenomic studies. As well, the research findings may be useful in the development of a diagnostic

test for the prevention of NVP-induced skin rash especially in Thai population.
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Controversies in the Management of Snakebites
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Detection of Urinary Kidney Injury Molecule-1 in a Chronic Cadmium

Exposed Population, Mae Sot District, Tak Province

Amnart Panyamoon', Kowit Nambunmee?, Muneko Nishijo®, Witaya Swaddiwudhipong®
and Werawan Rungyutthikarn'”

' Division of Toxicology, Department of Forensic Medicine, Faculty of Medicine, Chiang Mai University, Thailand.

2 Doctor of Philosophy Program in Biomedical Sciences, Faculty of Associated Medical Sciences, Chiang Mai University
3 Department of Public Health, Faculty of Medicine, Kanazawa Medical University, Ishikawa, Japan.

* Department of Social Medicine, Mae Sot General Hospital, Tak Province, Thailand.

ABSTRACT

Cadmium (Cd) has been found as an environmental pollutant in Mae Sot district, Tak province. Contami-
nated Cd in water and rice causes high risk of renal dysfunction among the inhabitants. In order to in-
vestigate the effect of Cd induced renal dysfunction, a kidney injury molecule-1 (KIM-1), a recently dis-
covered biomarker for an early detection of renal tubular dysfunction, was measured using an enzyme
linked immunosorbent assay (ELISA). Polyclonal goat anti-KIM-1, horseradish peroxidase labeled strep-
tavidin and its specific substrate were used in the in-house ELISA technique. The method was validated
and used to quantitate KIM-1 in the urine of 700 Mae Sot inhabitants in comparison to two conventional
renal biomarkers; N-acetyl-p-D-glucosaminidase (NAG) and f-microglobulin (5 -MG). The results
showed that KIM-1 standard concentrations provided good linearity (r=0.998) with limit of detection and
quantitation at the concentrations of 33.20 pg/ml and 110.68 pg/ml, respectively. The coefficient varia-
tion (CV) for inter-day and intra-day precisions for 3 levels of KIM-1 (200, 800 and 3,000 pg/ml) were at
0.8, 1.2, and 2.1% CV and 0.7, 2.4, and 6.7% CV, respectively. The accuracy of the assay was found
with 89-101% recovery. The average = SD of the KIM-1 concentrations in urine samples of 700 Mae Sot
inhabitants were at 1,347+1,290 pg/gCr, ranged between 61-15,330 pg/gCr. Using Spearman’s rho
analysis, a strong positive correlation between KIM-1 and Cd concentrations (r=0.234, P<0.001) was
found. The Cd was also correlated well with the NAG (r=0.263, P<0.001) and £,-MG (r=0.179, P<0.001).
Prevalence of high excretion of renal biomarkers was shown in dose response relationship to Cd concen-
trations. This finding demonstrated that KIM-1 was a sensitive biomarker for detection of renal dysfunc-
tion in population with high Cd exposure.

Keywords: Kidney Injury Molecule-1, ELISA, cadmium, Mae sot, Thailand
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INTRODUCTION

The biomarkers for early detection of cadmium
(Cd) induced renal dysfunction such as N-acetyl-
SD-glucosaminidase (NAG), albumin, a4~ and .-
microglobulin had been investigated in several
studies and found potentially correlated to Cd
exposure.'® Teeyakasem et al. also reported that
NAG was an early biomarker which showed a
positive correlation with the urinary Cd of Mae Sot
inhabitants.® However, quantitaton of each
biomarker had some limitation; therefore, kidney
injury molecule-1 (KIM-1), an isoform of T-cell
immunoglobulin (Ilg) mucin and a type 1 trans-
membrane glycoprotein with an ectodomain
containing an Ig-like mucin domain discovered in
renal tubular epithelial cell was selected to use in
this study. KIM-1 is undetectable in healthy
kidneys, but the protein is abundantly expressed
in proximal tubular cell after nephrotoxic injury and
transcript levels for the gene that encodes KIM-1
are strongly upregulated in differentiated proximal

tubule epithelial cells in the injured kidney.”

Han et al.® demonstrated that a soluble released
form of human KIM-1 could be detected in the
urine of patients with renal failure and might serve
as a biomarker for renal proximal tubule injury.
Although KIM-1 is a good biomarker of nephro-

7,9-11

toxic injury in animal models and in human

patients with renal disease,®'?

the urinary KIM-1
in the population living in the contaminated area of
Cd has never yet been studied. Therefore, this
study was the first report of the potential effect of
the KIM-1 on renal dysfunction in the urinary
samples of people in Mae Sot district who
exposed to Cd chronically from their staple food,

mainly rice.

MATERIALS AND METHODS

Study subjects
The study population consisted of 700 inhabitants
in Mae Sot district, Tak

permanently living

province who had urinary Cd level greater than 5
Mg/gCr measured at our previous survey in 2004-
2005." All subjects were advised of the aim and
methods of the project before entering the survey.
They consented to provide random morning
urinary samples and were interviewed for
information of demography and health. The study
protocol was approved by the Research Ethics
Committee of the Faculty of Medicine, Chiang Mai

University.

Collection of urine samples

Morning urine samples were collected in
polyethylene bottles and immediately tested quail-
tatively for pH, protein, glucose, occult blood,
urobilinogen and ketone body using paper
indicator strips (Ames test, Bayer, Germany).
Each urine sample was divided into three (3—5 ml)
aliquots. In samples with pH<5, the pH of one
aliquot was adjusted to pH 6-8 by 0.5 N sodium
of B

microglobulin. All urinary samples were stored at

hydroxide, to prevent degradation

-20°C before analyses.

Determination of urinary cadmium
Urinary Cd concentrations were analyzed by
graphite-furnace atomic absorption spectrometer
(Shimadzu Model AAS-6300, Japan). Method
validation of the analytical technique was
performed and verified using certified standard
(The National

Standards, Washington, DC).

reference material Institute of

Determination of urinary NAG, £-MG and
creatinine

The concentration of 3,-MG was measured by an
enzyme immunoassay (GLAZYME p,-microglo-
bulin-EIA test kit, Sanyo Chemical Industries Ltd.,
Japan). The NAG level was determined by a
colorimetric assay using an NAG test kit (Shionogi
Creatinine was

Pharmaceuticals, Japan).
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measured by a method based on the Jaffe
reaction.” Concentrations of all urinary markers

were adjusted per gram creatinine (gCr).

Development and validation of an ELISA for
guantification of urinary KIM-1

An in-house ELISA was developed to quantify the
specific urinary KIM-1. Capture antibody (goat anti-
KIM-1) was bound to a microtiter plate to create the
solid phase. Unbound antibody was removed by
washing the plate and a blocking reagent was
added. Following a wash, samples and standards
were then incubated with capture antibody. After
washing away, biotinylated goat anti-human KIM-1
detection antibody was added. Following a wash to
remove unbound detection antibody, a detection
reagent (streptavidin-horseradish peroxidase) was
added.

substrate solution (TMB/hydrogen peroxide) was

The plate was washed again before a

added and color developed in proportion to the
amount of KIM-1. Color development was stopped
and the intensity of the color was measured at 450
nm. The wurinary KIM-1 concentration was
calculated based on the standard curve and
The ELISA technique was

validated according to a current bioanalytical

expressed in pg/ml.

recommendation,'®'® for sensitivity, linearity, intra-
and inter-days precisions, accuracy, stability,
dilutional effect of the standard KIM-1 (R&D
system, Minneapolis, MN) in the urinary sample.
The ruggedness of the method was also validated
by variating plate coating temperature, incubation
time of antibody and urinary sample and number of

plate wash.

Statistical analysis

Data analysis was undertaken using the SPSS
version 11.5. Continuous variable regression was
performed by Kruskal-Wallis test for a comparison

between divided population more than two groups.

Correlations between Cd and renal injury
biomarker concentrations were determined by
Spearman’s rho analysis. Statistical significance

was expressed with p values less than 0.05.

RESULTS

Study subjects

Seven hundred people living in the Cd polluted
area of Mae Sot district, Tak province included in
this study comprised of 260 men and 440 women
aged between 21-89 years old. No participant
had occupational exposure to cadmium. All of
them had no clinical symptoms related to Cd
toxicity. However, on-site screening examination
with urinary strips, 392 people (138 men, 181
women) had positive urinary protein. Two
subjects showed positive urinary ketone and
glucose. One hundred and five people had

urinary pH equal to 5 or lower.

Development and validation of an ELISA
technique for KIM-1 quantification

The calibration curve of standard KIM-1 concen-
traions showed good linearity (Figure 1) at a
correlated coefficient (r) of 0.9983 with triplicated
analyses. KIM-1 concentrations at 200, 800 and
3,000 pg/ml were determined as low, medium and
high levels of the urinary KIM-1. The results were
shown in Table 1 with 0.71 to 6.87%CV of the
The limit of
detection and quantification of the method were
found at the concentrations of 32.20 and 110.68
pa/ml, respectively. The accuracy of the ELISA

intra- and inter-day precisions.

was shown in Table 2 with >90% recovery of 3
levels of the standard KIM-1 spiked in urine.
Primary and secondary freeze-thaw cycles of the
urine had slightly effects on the KIM-1 stability
shown with >90% recovery. However, the tertiary

and quaternary freeze thaw cycles had more
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KIM-1 Standard curve

Y = 0.000228X — 0.034103
r=0.9983

Absorbance at 450 nm

]
R

KIM-1 (pa/ml)

Figure 1 A calibration curve of standard KIM-1 concen-
trations at 0, 125, 250, 500, 1000, 2000, and 4000 pg/ml
determined by the developed ELISA shows good linearity
at a correlated coefficient (r) of 0.9983

effects on KIM-1 stability, although the recovery
was >80% (Table 2).
days showed slightly change of KIM-1 concen-

Storage urine at 4°C for 5
trations. According to the ruggedness of the
method, developmental time of antibody and
antigen reaction showed some changes on KIM-1
concentration, therefore, the method needs an
exact time for reaction development. In contrast,
incubation time, plate coating temperature and
number of plate wash had no effect on KIM-1

concentration (data not shown).

Concentrations of Cd, KIM-1, NAG and £-MG in
the urine of Mae Sot’s inhabitants

The average + SD of the KIM-1 in 700 urinary
samples of Mae Sot inhabitants was at 1,347.26 +
1,290.60 pg/gCr, ranged between 61-15,330 pg/
gCr which was a lot higher than the recommended
value of normal people'? (70-399 pg/gCr), whereas
342 (48.9%) subjects had KIM-1 concentrations
more than cutoff level of 988 pg/gCr,'? indicated an
occurrence of renal injury. Average of urinary Cd
was 8.20 + 0.21 pg/gCr, ranged between 0.83 -
42.41 pg/gCr. However, 664 subjects (94.8%) had
urinary Cd exceeded the WHO maximum tolerable
renal

value of 2 pg/gCr.” The conventional

biomarkers; NAG and £,-MG were 7.00 £ 10.19 U/

Table 1 Precision and sensitivity of the developed
ELISA technique in this study for KIM-1 quantification

Validation N KIM-1 (pg/ml) (Mean + SD) %
parameters Expected Observed cv
Precision
Intra-day Low 10 200 202 +14 6.87
Medium 10 800 799 £ 19 2.38
High 10 3000 2,968 * 21 0.71
Inter-day Low 10 200 204 + 40 214
Medium 10 800 807 + 90 1.16
High 10 3000 2,999 + 25 0.83
Sensitivity
Limit of detection (LOD) 32.20 pg/ml
Limit of quantitation (LOQ) 110.68 pg/mi

Table 2 Accuracy, dilutional effect and stability of KIM-1
in the urine quantified by the ELISA

% Recovery

Validated parameters N (Mean + SD)
Accuracy
Spiked urine level 1 5 91.29 + 2.81
Spiked urine level 2 5 96.71 £ 1.68
Spiked urine level 3 5 99.25 + 1.62
Dilutional effect
Undiluted urine 5 100.00 + 1.56
Diluted urine 1:2 5 99.31 £ 1.47
Diluted urine 1:4 5 101.03 +2.27
Diluted urine 1:8 5 104.72 + 4.67
Stability of KIM-1 protein
Freeze-thaw cycle
5 98.94 + 1.02
5 91.67 £ 7.61
5 85.14 £ 9.02
5 83.47 £ 7.41
Storage at 4°C
Day 1 5 100.00
Day 2 5 98.68 + 0.97
Day 3 5 98.25 + 2.11
Day 4 5 95.78 + 4.04
Day 5 5 94.33+4.35

THE 2N° NATIONAL CONFERENCE IN TOXICOLOGY 17-18 DECEMBER 2009



76 MIRTAINeNIne 2552

Table 3 Dose response relationship of the urinary Cd (4 levels) and renal dysfunction bio-

markers; KIM-1, NAG and £,-MG concentrations of the chronic Cd exposure population

Group  Cadmium N KIM-1 NAG Bo-MG
(1g/gCr) (pg/gCr) (UrgCr) (1g/gCr)

1 <2 36 811.50 + 556.97 478 £2.74 375+ 1,262

2 2-5 162  1,082.75 + 851.88 5.76 + 3.49 2,685 + 9,880**

3 5-10 319  1,299.16 + 1089.79** 6.18 + 3.88** 2,917 + 11,524**

4 >10 183  1,770.64 +1,824.43*** 9.96 + 18.66"** 4,538 + 14,078***

Total 700 1,347.26 + 1,290.60 6.99 +10.19 3,156 + 11,643

**P<0.01, ***P<0.001, analyzed by Mann Whitney U test compared to the group that had urinary Cd concentrations
below 2 xg/gCr

Table 4 Prevalence of renal tubular dysfunction (high excretion of renal marker over cutoff

level) and urinary cadmium concentrations in chronic cadmium exposure population

; Hyper KIM-1uria Hyper NAGuria Hyper $-MGuria
Urinary Cd N 5 5 5
(1g/9Cr) . ) S s Lo L %
positive positive positive
<2 36 27 9 25 32 4 11 34 2 6
2-5 162 94 68 42 129 33 20 134 28 17
5-10 319 153 166 52 253 66 21 253 66 21
>10 183 71 112 61 105 78 43 129 54 30

Hyper KIM-1uria = urinary KIM-1 > 988 pg/gCr,'? HyperNAGuria = urinary NAG > 9 U/gCr.°
Hyper A,-MGuria = urinary £-MG > 1,000 ug/gCr®

AKMA o og of o0 % B. NAG ) . vof C-BMG

Urinary KIM-1 (pa/gCr)
Urinary NAG (U/igCr)

Urinary /2,-MG (pg/gCr)

log Urinary cadmium (pg/gCr)

log Urinary cadmium (ug/gCr) log Urinary cadmium (ug/gCr)

Figure 2 Positive correlation of the urinary Cd in 700 inhabitants who live in Cd polluted area, Mae Sot district,
Tak province, and concentrations of renal dysfunction biomarkers; A) kidney injury molecule-1 (KIM-1), B) N-
acetyl-#-D-glucosaminidase (NAG) and C) S—microglobulin (£-MG), using Spearman’s rho analysis
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gCr (0.51-244.32 U/gCr) and 3,156 + 11,643 pg/
gCr (5-107,883 pug/gCr), respectively. One
hundred and eighty one subjects (25.9%) had
NAG more than acceptable value of 9 U/gCr,®""
while 150 subjects (21.4%) had £-MG more than

1,000 ug/gCr.

Correlation between urinary Cd and KIM-1,
NAG and £-MG

Dose response relationship between urinary Cd
and KIM-1, NAG and £-MG were shown in Table
3 when the urinary Cd concentrations were
grouped into four levels with Cd<2, 2-5, 5-10 and
>10 upg/gCr. The urinary KIM-1 concentration
increased significantly when the urinary Cd was 2
5 pg/gCr, shown with Spearman’s rho correlation
coefficient at 0.234 (P<0.001).
coefficients between Cd and KIM-1, NAG and f-
MG; were at 0.234, 0.263 and 0.179 (P<0.001),
respectively (Figure 2).
correlation of KIM-1 with NAG and f,-MG was
also noticed with the Spearman’s rho values of
0.392 and 0.307 (P<0.001), respectively (data not

shown).

Correlation

Strong  positive

Prevalence of the renal dysfunction as the
hyperKIM-1uria, hyperNAGuria and hyperf:-
MGuria among the subjects were evaluated using
cut off values for urinary KIM-1, NAG and £-MG
at 988.00 pg/gCr, 9.00 U/gCr and 1,000 pg/gCr,
respectively. Table 4 displays the prevalence of
renal dysfunction and Cd concentrations in which
hyperKIM-1uria increased with an increase of
urinary Cd more
hyperNAGuria and hyperf-MGuria. This finding

indicated that the urinary KIM-1 was a very

prominently than the

sensitive biomarker for detection of the renal
dysfunction in the population with high Cd

exposure.

Discussion

The developed ELISA for quantitating urinary KIM-
1 was highly sensitive, with LOD of 33.20 pg/ml
and LOQ of 110.68 pg/ml. There was no any
urinary sample with KIM-1 concentration lower
than the LOQ value. The assay accuracy was
quite high with approximately 90% recovery. This
result indicated that our developed ELISA
technique gave a very high sensitivity and
specificity for KIM-1 measurement in urine

sample.

Three hundred and ninety two subjects out of 700
who had urinary screening test positive for protein
were found in accordant with high urinary Cd and
renal tubular biomarkers concentrations. In
addition, 36 people who had been reported that
their urinary Cd was over 5 ug/gCr in our previous
survey were found to have urinary Cd lower than 2
Mg/gCr in this survey and we used this population
as our control group compared to other groups
with high Cd levels.

three subjects (62 men and 121 women) were

One hundred and eighty

found with very high urinary Cd >10 ug/gCr,
indicated that their total Cd intake and/or Cd
accumulation in the kidney were so high without

any sign and symptoms of renal toxicity.

One of Mae Sot residents had urinary KIM-1 of
15,330 pg/gCr, suggested the existence of severe
renal tubular dysfunction without awareness. This
person was later referred for medical checkup and
The NAG was found

correlated well with Cd concentrations but not with

proper healthcare.

the £-MG in accordant to previous finding that it
was a sensitive indicator of Cd induced renal
dysfunction better than 4-MG."” However, the
prevalence of the hyperNAGuria found in this
study was less than hyperKIM-1uria indicated that

KIM-1 was a better biomarker for investigation of
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Cd-induced renal tubular dysfunction. This might be
due to the wurinary NAG was measured by
colorimetric assay which NAG activity has been
found to be inhibited by endogenous urea,'® besides
the ELISA technique of KIM-1 was more specific

than the colorimetric assay of NAG.

Among the urinary low molecular weight proteins, f-
MG has been reported as the most useful biomarker
for investigation of renal tubular dysfunction.®'
However, in this study, urinary £-MG had wide
ranges between 5 - 107,883 ug/gCr with two women
had p,-MG concentrations above 100,000 ug/gCr
along with high excretion of KIM-1 and NAG,
suggesting that severe renal tubular dysfunction in

the study subjects has occurred.

In conclusion, renal dysfunction in Mae Sot
inhabitants who chronically exposed to Cd from their
daily rice was found with high excretion of urinary
proteins; KIM-1, NAG and f£-MG. The developed
ELISA technique was highly sensitive to detect KIM-1
abnormal excretion.
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Effects of Bran Extracts from Thai Molecular Breeding Rices on
Growth and Apoptosis in Human Promyelocytic Leukemia Cells

Supanart Srisala', Rodjana Chunhabundit®, Ratchanee Kongkachuichai?,
Bunyada Jittorntrum' and Yupin Visetpanit?

' Nutrition Program, Faculty of Medicine at Ramathibodi Hospital and Institute of Nutrition, Mahidol University, Bangkok, Thailand
2 Research Center, Faculty of Medicine at Ramathibodi Hospital, Mahidol University, Bangkok, Thailand
3 |nstitute of Nutrition, Mahidol University, Bangkok, Thailand

ABSTRACT

Rice bran, the outer layer of brown rice, contains biologically active compounds which mediate chemo-
preventive properties. Thus, in the present study, we evaluated the anti-carcinogenic effects of bran ex-
tracts from non-pigmented (Sinlek) and pigmented (Riceberry) rices on human promyelocytic leukemia
cell line (HL-60 cells). The results showed that the treatment with rice bran extracts for 24 and 72 hours
reduced cell viability in a dose- and time-dependent manner. Riceberry rice bran extract showed higher
cytotoxic activity, corresponding with the lower 1Cs, compared to Sinlek variety. The low concentrations
of both rice bran extracts which did not affect cell viability were able to inhibit DNA synthesis, whereas
the higher selected concentrations that reduced viable cells could induced apoptosis. The apoptotic
events were confirmed by chromatin condensation and nuclear fragmentation in cells after AO/EB nu-
clear staining as well as dose- and time- dependent increase of caspase activity. The findings suggested
that bran extracts of new Thai rice varieties exhibited growth inhibitory effects on the human leukemia
cells through cytostatic and cytotoxic mechanism. The results also indicated that killing leukemia cells by

rice bran extracts partially involved activation of caspases and induction of apoptosis

Keywords: Rice bran; human leukemia cells; cytotoxicity; cytostatic; apoptosis
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INTRODUCTION

Cancer is one of the leading causes of death in the
world, particularly in developing countries. In Thai-
land, cancer is one of the major public health prob-
lems and the number of new cancer cases of all
sites increases from 81,000 in 1999 to approxi-
mately 125,000 by the year 2008." Leukemia is the
most common hematological malignancy and most

common malignancies in Thai children.?

The risk factors of cancer are well established
through the non-modifiable risk factors (age and
heredity) and modifiable risk factor such as un-
healthy diet, excessive energy intake, physical inac-
tivity and tobacco use. Nutritional factor has been
associated with the modifiable factor that presumed
to account for approximately 35% of cancer
deaths.® Higher consumption of fruits, vegetables
as well as whole grains have been associated with
reduces risks of numerous cancers.” These foods
contain many biologically active chemicals, includ-
ing nutrients and many nonnutritive constituents
that have potential to reduce risk of developing of
cancer.” Nowadays, many considerable researches
are focused on the identification of the mechanism
of action of compounds from dietary sources espe-
cially plant-derived substances (phytochemicals),
which might prevent or postpone the onset of can-
cer. Phytochemicals are defined as bioactive non-
nutrient plant compounds. It can be classified as
carotenoid, phenolics, alkaloids, nitrogen-containing
compounds and organosulfur compounds.6 Phyto-
chemicals have been reported to interfere with each
stage of the carcinogenic process which include
initiation, promotion and progression.7 In vitro cell
culture and animal cancer models have been used
to evaluate the chemopreventive effects of phyto-
chemicals. Phytochemicals have complementary
and overlapping mechanisms of action in prevent-

ing initiation and suppressing promotion and pro-

gression of cancer cells.®"

Recently, consider-
able attention has focused on the sequence of
events referred to apoptosis and the role which
these processes may involve the pathogenesis
and treatment of human diseases including can-
cer."? Apoptosis or programmed cell death plays
a major role in the development of multicellular
organisms and maintaining homeostasis of con-
stant cell numbers in normal mammalian tissues.™
Defects in apoptotic pathways are now thought to
promote tumor formation, by allowing accumula-
tion of neoplastic cells and by obstructing removal
of genetic variants with enhanced malignant po-
tential and promote tumor angiogenesis.'* There-
fore, induction of apoptosis has been recognized
as a chemotherapeutic as well as a chemopreven-

tive strategy for cancer control.

Rice, Oryza sativa, possesses special dietary im-
portance in Asia. In Thailand, rice is not only the
main staple crop but also a primary agricultural
export. Rice bran is the outer layer of brown rice,
obtained as a by-product of the rice milling indus-
try. Nutrient analysis of rice bran indicates that it
is a good source of protein, carbohydrate, unsatu-
rated fatty acid, B-complex vitamins, vitamin E
complex (tocopherols and tocotrienols), minerals,
and dietary fiber. There are many evidences sug-
gest that the bran layer rather than the rice kernel
is the predominant location of biologically active
constituents which are the chemopreventive and

antitumor properties.'>"’

The bioactives present
in rice bran include y-oryzanol, phytosterol, poly-
phenols, flavones and proanthocyanidin, inositol
and inositol hexaphosphate (IP6)."* The phyto-
chemical compounds of rice bran have been
shown to have a wide range of biological activities,
including anti-hyperlipidemia, anti-atherogenesis,
anti-platelet aggregation and antioxidant prop-

19

erty Furthermore, rice bran constituents pos-

sess antimutagenic,' antitumor promoting’’, and
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cytotoxic properties.?

Rice is rich in genetic diversity, with a thousand of
varieties throughout the world. Furthermore, the
unmilled rice has many different colours, including
brown, red, purple and black. These colorful rice
varities are prized for their health properties.
Nowadays, scientific technologies have made it
possible to enhance the nutritional value of rice
through modifying the genetic code. In this study,
defatted rice bran samples (Sinlek and Riceburry),
were obtained from Rice Science Center & Rice
Gene Discovery Unit, Kasetsart University, Thai-
land. Sinlek (white brown rice), that was crossed
breeding from Khaw kamdoichang X Chao Hom Nil
313-19-1-1, is the best source of iron and good
iron bioavalability. Riceburry (purple brown rice),
derived from Khaw kamdoichang X Chao Hom Nil
1000-11-2-26, has high level of antioxidant activity,
polyphenol content, and B-carotene. However,
preclinical evidence for anti-carcinogenic proper-
ties of these new Thai rice cultivars has been lim-
ited. Therefore, this study was conducted to as-
sess growth inhibitory effects of bran extracts from
pigmented (Riceburry) and nonpigmented (Sinlek)
rices in human promyelocytic leukemia cell lines
(HL-60). Cell viability, DNA synthesis and apop-
tosis induction were determined in cell treated with
rice bran extracts. The results from this study
would shed some light as the knowledge bases
that demonstrate the health-promoting of these
rice cultivars and provide scientific evidence for

future research.

MATERIALS AND METHODS

Rice bran extract

The bran of pigmented (Riceberry) and nonpig-
mented rice (Sinlek) rice varieties were obtained
from Rice Science Center & Rice Gene Discovery

Unit, Thailand. Rice bran (100 gm) was extracted

with 70% ethanol (once at 1,000 ml each). The
active components were extracted by soaking the
rice bran in solvent overnight at ambient tempera-
ture, and then, stirring was continued for 10 h. The
extracts were filtered through Whatman No. 1 pa-
per. The filtrates were concentrated using rotary
evaporation and then lyophilized. The dried crude
extracts were re-dissolved with water and were
extracted with hexane to remove fat content. The
aqueous portion of bran extracts were collected
and re-lyophilized. The final dried extracts were
stored at -30°C until used.

Identification of active compounds in defatted
rice bran

Bioactive compounds in defatted rice bran were
quantified by Institute of Nutrition, Mahidol Univer-
sity. The extracts were analyzed for cyanidin,
peonidin, vitamin E, B-carotene, and lutein by us-
ing HPLC (Water 515 HPLC Pump).

were diluted with mobile phase and then the peak

Samples

area was identified base on RT values with stan-
dards of peonidin, vitamin E, B-carotene, and lu-
tein. The cyanidin and peonidin concentration of
sample extracts were quantitated from the peak

areas relative to standard calibration curve.

Cells and cell culture

Human acute promyelocytic leukemia (APL) cell
lines HL-60 were purchased from the Cell Lines
Service (Eppelheim, Germany). Cells were main-
tained as suspension in RPMI medium 1640 sup-
plemented with 10% fetal bovine serum (FBS), 100
U/mL penicillin, and 100 ug/mL streptomycin
(Gibco, USA) at 37°C in a humidified incubator
containing 5% CO,. Cells were grown in culture
flasks and culture media was changed every two
day. Trypsinization and subculture were per-
formed when the cells propagated to the confluent

condition.
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Cytotoxicity assay

The cytotoxic effect of defatted rice bran extracts
on HL-60 cells was determined by using 3-(4,5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazoliumbro-
mide (MTT) assay. The MTT bioassay is a cyto-
toxicity assay measuring the metabolic activity of
the cells. The assay was carried out as previously
described with some modifications.?’  Briefly,
cells at the exponential phase were seeded at
density of 1x10* cells/ well in 96-well plates and
incubated in media with or without test extracts.
After a certain incubation period, culture media
was removed and MTT (Chemicon, USA) was
then added. The dye was cleaved by active mito-
chondria enzyme to produce purple formazan
crystals. After 2 h incubation, iso-propanol con-
taining 0.04 N HCI were added to each well to
dissolve the formazan crystals, and the absorb-
ance was read at 570 nm with an ELISA micro-
plate reader (Bio-tek,USA). Survival of HL-60
cells after treatment with extracts was calculated
using the following formula: viable cell number
(% )=[ODs7o(treatment well)/ODs7q(control  well)]
x100. The median inhibitory concentration (ICsp)

was assessed from the dose response curves.

Determination of DNA synthesis

HL-60 cells (5x10*cells/ml) were seeded onto 96-
well plates (200 pl/well) and treated with a range
of concentrations of rice bran extract. Actinomy-
cin-D was used as a positive control. After incu-
bated with extract, DNA synthesis of HL-60 cells
was assayed using ELISA for BrdU incorporation
(Roche Diagnostics, Manheim, Germany). The
assay was performed according to the manufac-
turer’s instructions. Briefly, 2 h before the end of
24 and 72h treatment period with bran extract,
cells were incubated for with 10 uM BrdU labeling
reagent. Cells were then fixed and DNA was par-

tial denatured in FixDenat-solution (30 min). After

30 min, FixDenat solution was removed, anti-
BrdU-POD (monoclonal antibody from mouse
conjugated with peroxidase) was added and incu-
bation was continued for 90 min. The immune
complexes were detected by using tetramethyl-
benzidine as substrate for 15 min, the reaction
was stopped with H,SO,4. The absorbance at 450
nm was measured by a micro-plate reader (Bio-
tek). The result was present as a percent of BrdU
incorporation compared to untreated cells. The
cell viability was also determined in each BrdU

incorporation assay.

Evaluation of apoptotic cell morphology

HL-60 cells were seeded in 24-well plates (5x10*
cells/well) and incubated 2 days before being
treatment with extract for 24, 48 h. Cells were
harvested at different interval after being exposed
to different concentrations of extract or without
extract and were stained with a combination of
the fluorescent DNA-binding dyes acridine orange
and ethidium bromide (AO/EB 500 ug/ml) for 5
min. Afterwards, cells were observed under a
fluorescence microscope (Nikon) according to the
fluorescence emission and morphological fea-
in AO/EB

stained nuclei.?? Minimum of 200 total cells were

tures of chromatin condensation

counted per sample, being classified as follows:
(a) live cells with normal nuclei (LN: bright green);
(b) live cells with apoptotic nuclei (LA: bright
green, chromatin that was highly condensed or
fragmented); (c) dead cells with normal nuclei
(DN: bright orange, chromatin with organized
structure); and (d) dead cells with apoptotic nuclei
(DA; bright orange, chromatin that was highly
condensed or fragmented). Apoptotic index and
percentage of necrotic cells were calculated using
the following formulae:

% apoptotic cells (apoptotic index) =_ LA+DA x 100

LN+LA+DN+DA
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% necrotic cells = DN x 100
LN+LA+DN+DA

%dead cells = DN+DA x 100
LN+LA+DN+DA

Caspase activity measurement

Caspase activation was measured using a fluori-
metric caspase assay kit (Homogeneous cas-
pases assay; Roche Diagnostics, Germany). The
experiments were conducted according to the kit
instructions. Cells (2x10%cells/well) were grown in
96-well plates for 2 days prior to treatment. After
treatment, the media was aspirated and added a
substrate-containing lysis solution to the cells.
After 2 h incubation at 37 °C, caspase-substrate
cleavage was measured with a fluorescence mi-
croplate reader (Wallac 1420) with excitation
wavelength of 485 nm and emission at 535 nm.
The data were determined as fluorescence inten-
sity. Higher fluorescence intensity indicated

higher caspase activity.

Statistical analysis

All data were presented as mean * standard error
of mean (SEM). Analysis of statistical significance
between the control- and rice bran extract-treated
groups was performed using one-way analysis of
variance (ANOVA) followed by Bonferroni’'s Multi-
ple Comparison test for pair wise comparison.
The statistically significant difference was defined

as p <0.05.

RESULTS AND DISCUSSION

Cytotoxic effects of defatted rice bran extract
on HL-60 cells

In the present study, the cytotoxic effect of de-
fatted rice bran extracts (Riceberry and Sinlek)
on HL-60 cells was characterized by conducting
MTT assay. Cells were treated with various con-

centrations of extract for 24 and 72 h. The viabil-

ity of cells was decreased significantly in a dose-
and time-dependent manner (Figure 1). Riceberry
bran extract showed a lower percentage of viabil-
ity compared to Sinlek bran extract at all concen-
trations which corresponds with its lower [Csp.
Since the lower the IC5 value indicated the higher
cytotoxic activity of the extract from the pigmented
rice. Parado et al. demonstrated that the rice bran
enzymatic extract has the cytotoxic effect on HL-
60 cells with the ICsy 2.3 mg/ml (at 72 h). Interest-
ingly, rice bran extract did not exhibit cytotoxicity

towards normal peripheral blood lymphocytes.?

Inhibition of DNA synthesis in HL-60 cells
treated with rice bran extract

Cellular proliferation requires the replication of
DNA; therefore, DNA synthesis indicated by BrdU

incorporation is a parameter by which the rate of

Figure 1. Effect of bran extracts on HL-60 cell viability
at 24 h (A) and 72 h (B). Data are reported as the
means * SEM of three separate experiments.
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cell proliferation can be measured. After treatment  Apoptosis induction in HL-60 Cells by rice
for 24 or 72 h, both extracts from Sinlek and Rice-  bran extract

berry rice bran caused a dose dependent reduction | order to evaluate whether the cell death in rice
of DNA synthesis in HL-60 cells (Figure2). For the  pran extract-treated cells was in part due to the
same dose range (2.5-3.5 mg/ml), more prominent  apoptosis or not, the role of this agent trigger cell
effect resulted from Riceberry variety. To evaluate  geath by apoptosis was investigated. The meth-
whether the reduced BrdU incorporation observed in  oqologies based on AO/EB staining and meas-
treated cells was due to cytotoxic or a cytostatic ef-  yrement of caspase activity, respectively for mor-
fect, the cell viability was concomitantly assayed. At pnological, and biochemical analysis. The results

all concentration of both rice bran extracts, % DNA  ghowed that the cell treated with culture media

synthesis was less than % viability, particularly at 24 ¢ontaining 0.1 % DMSO had intact round shape
h. The extract of Sinlek inhibited DNA synthesis with-  clej containing euchromatin (Figure 3A), while

out loss of cell viability. These results suggested cells treated with the test compound had smaller
that growth inhibition in HL-60 cells might arise from nuclei which exhibited condensed and frag-

the cytostatic and cytotoxic effect of rice bran extract.  mented chromatin as a hallmark of apoptotic cells

However, the DNA synthesis seemed to be more  (Figure 3B and 3C). After exposure to extracts of
sensitive to rice bran extract when compared to the  poth Sinlek and Riceberry rice bran, the percent-

vital metabolic activity. This finding was in accor-  zge of apoptosis was increased significantly in a

. . 24,25 . .
dance with data from other cell culture studies. dose- and time-dependent manner (Figure 4).
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Figure 2. DNA synthesis in HL-60 cells treated for 24 and72 h with various concentrations of (A1-2) Sinlek (B1-2)
Riceberry bran extract. Data are presented as mean values + SEM from Three independent experiments. *P<0.05
mean value of treatment compared to control.
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Figure 3. Apoptosis induction by extract of rice bran in HL-60 cells as monitored by AO/EB staining. Cell mor-
phology was observed under fluorescence microscope. The cells with normal morphology were observe in the
control group (A); The apoptotic nuclei were demonstrated by chromatin condensation ( — ) and nuclear frag-

mentation ( —) were observed after 5.5 mg/ml Sinlek (B) and 3.5 mg/ml Riceberry treatment (C) for 48 h (x400)
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Figure 4. Fraction of viable, apoptotic and necrotic cells in HL-60 cells treated with various concentra-
tions of Sinlek (A1-2) and Riceberry (B1-2) at the indicated times. Results are mean + SEM from two
independent experiments (n=6)
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About 50% of cells became apoptosis within 48 h
when bran extract of Sinlek and Riceberry were
applied 5.5 and 3.5 mg/ml, respectively (Figure 4B
and 4D).
Riceberry bran had higher activity in induction

The results indicated that pigmented

apoptosis than did the extract from non-pigmented
Sinlek bran. Furthermore, these experimental con-
ditions did not increase the percentage of necrotic

cells in the treated cells as compared to control.

Caspases play an important role in execution of
apoptosis. Activation of caspases appears to be
directly responsible for many of the morphological
and biochemical features of apoptosis.?® Fluoro-
metric assay of caspase activity in HL-60 cells
treated with different concentrations of extracts re-
vealed that induction of apoptotic cell death by rice
bran extract was through activation of caspases
enzyme system. The activity of proteases tended to
increase with increasing concentrations of rice bran

extracts and duration treatment (Figure 5).

Carcinogenesis is a sequential multistep process, in
which numerous molecular mechanisms play differ-
ent crucial roles. The mechanism by which phyto-
chemicals can modulate cancer risk including
blocking initiation and by suppressing the later
stages of promotion and progression.”’ From the
results, it may be suggested that rice bran has a
chemopreventive properties through suppressing
activity. The one of possible mechanisms involving
the in vitro anti-carcinogenic effects of rice bran
may be due to their potent anti-oxidative properties.
Cancer cells can exist under a condition of oxida-
tive stress, as this increases their survival.?® Oxida-
tive stress activates redox signaling that may relate
to oncogenic stimulation.?® Mild oxidative has been
shown to induce proliferation of human astrocytoma
cells.®* It was suggested that antioxidants could
suppress cancer by reducing ROS stimulation cell

growth, inducing apoptosis, maintaining normal cell
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Figure 5. Effect of Sinlek (A) and Riceberry (B) rice
bran on caspase activity after treatment with different
concentrations of extracts for 18 and 24 hours. The
values represented the means + SEM (*P<0.05; statisti-

cal significance to control)

cycle regulation, inducing phase Il detoxification
enzyme activity, suppressing tumor invasion and
angiogenesis.*’ Identification of bioactive compo-
nents showed that Riceberry rice bran extracts
enriched with
(cyanidin 150.81 and peonidin 66.76 mg/100g).

Anthocyanins are water-soluble plant pigments

two anthocyanin compounds

and representatives of flavonoids which have
strong free radical scavenging activities.**** An-
thocyanins also play a crucial role in preventing
against mutagenesis and carcinogenesis by inhibit
tumor cells proliferation, induce apoptosis in hu-
man colon carcinoma and leukemia cells.** From
our results, Riceberry bran extracts exhibited

strong antioxidant activity (data not present). The
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scavenging free radical activity (DPPH) of Rice-
berry (pigmented) extract was about 5 times
greater than that of Sinlek (non-pigmented) extract.
This finding was consistent with a recent report by
Nam et al® showing the bran of pigmented rice has
greater antioxidant activities than those of non-
pigmented cultivar. However, the greater vitamin E
content (996.08 pg/100g) was found in Sinlek rice
bran extract. Vitamin E shows promise as antican-
cer agents as it inhibits the expression of mutant
tumor suppressor gene p53, cell cycle progression
and cell proliferation by down-regulation of cy-
clin.®**" Several chemopreventive agents that are
antioxidants at some concentrations become pro-
oxidants at other concentrations.® Thus, the con-
centration and environment (redox status) in which
they act may be important in promoting or inhibiting

cancer cell growth.*

The principal anticancer effects of rice bran consist

of cytotoxicity, anti-proliferation, anti-promotion,
anti-invasion and induction of apoptosis.***® In the
present study, the rice bran extracts exhibited
growth inhibition to HL-60 cells in a dose- and time-
dependent manner. The growth inhibition potential
assessed by measuring cell viability, DNA synthe-
sis and apoptotic induction illustrated the greater
inhibitory effects from bran of pigmented Riceberry
rice compared to non-pigmented Sinlek. The supe-
rior effect of pigmented rice may result from two
major anthocyanins: cyanidin and peonidin that
contained in Riceberry bran. The growth inhibitory
activity exerted by rice bran extracts appears to be
due to both cytostatic and cytotoxic mechanism,
depending on extract concentrations. At lower con-
centration, bran extracts from both rice varieties
induced an appreciable inhibition of proliferation
(BrdU incorporartion) without any significant loss of
cell viability (MTT assay). These results suggested
that at low concentration growth arrested via a cy-

tostatic mechanism, whereas at higher concentra-

tions, rice bran extracts induce significant cell
death. Induction of apoptosis is an effective strat-
egy for cancer chemoprevention. In the present
study, the cells treated with rice bran extracts
showed typical characteristics of apoptosis. The
caspase activities in HL-60 cells exposed to bran
extracts of both Riceberry and Sinlek rice for 24 h
were significantly higher than those of the control.
When exposure to rice bran extract was contin-
ued for another 24 h, the cells with apoptotic mor-
phological features: DNA condense and fragment
were predominantly presented. Consistent with
cell cytotoxic and anti-cell proliferation assay,
Riceberry bran had higher capability to induced

apoptosis as compared to Sinlek variety.

Based on the results of this study, the potential
anticarcinogenic activities of the extracts of Rice-
berry and Sinlek rice bran were demonstrated
against human leukemia cells. Further study will
be needed to clarify the molecular mechanism of
rice constituents against cancer cells and in vivo
studies may be provided to confirm the in vitro
results.
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ABSTRACT

Oxidative stress is considered to play a prominent role in the causation of chronic diseases. At present,
Rice Science Center, Thailand used plant biotechnology technique to develop new rice strains with in-
creasing nutritive values. Some rice varieties such as Sinlek brown rice and Riceberry pigmented rice
showed high levels of antioxidant contents and activities, especially in bran portion. Therefore, the aim of
this study was to determine the effects of these bran extracts on H,O,-induced oxidative stress in Caco-2
cells. Human intestinal Caco-2 cells were co-incubated with the bran extracts and H,O, for 3 h. Cyto-
toxic effects of both bran extracts were also evaluated and cell viability measured by MTT assay. Cell
growth was inhibited in dose- and time-dependent manner by both bran extracts. The doses at which
non-toxic and approximate to ICso were used to determined effects of the rice bran extracts on H,O; in-
duced oxidative stress. Non-toxic concentrations of both bran extracts protected cells against H,O.-
induced oxidative stress as antioxidant property. On the other hand, high concentrations enhanced oxi-
dative stress mediated reduction of cell viability. This may result from the pro-oxidant activity that express
at high concentrations of the extracts. Sinlek bran extract exhibited antioxidant and pro-oxidant activity
higher than Riceberry bran. In addition, the high concentrations of both bran extracts inhibited cell
growth in dose and time-dependent manner. Further studies are needed to clarify the potential activities

and properties of these bran extract before using as supplement in food or medicine.
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INTRODUCTION

Reactive oxygen species (ROS) or oxygen-derived
free radicals have been implicated in various
pathological conditions involving chronic diseases
such as cardiovascular disease, stroke and can-
cer." Itis an important mediator of damage to key
cellular structures; lipids, proteins and DNA. The
epidemiological findings indicate that consumption
of fruits, vegetables and whole grains is strongly
associated with reducing risk of cancer and other
chronic diseases. These plant foods are the major
sources of phytochemicals which have antioxidant
and anticancer properties.*® Rice (Oryza sativa L.)
is a basic staple crop for a large part of the world
including Thailand which is one of the world's larg-
est rice exporters. Rice bran is a relatively abun-
dant by-product of rice milling process and con-
tains various antioxidant factors showing beneficial
effects on human health. Rice bran is not only a
source of high quality proteins but also rich
sources of fiber, antioxidant vitamins and bioactive
compounds. Several studies have demonstrated
the abundant bioactives with corresponding high
antioxidant, anticarcinogenic and antimutagenic

1% In the rice con-

activities in rice bran extracts.
suming world, nutritious rice grains can become a
main ingredient in designing food for specific
neutraceutical and functional food formulations.
Recently, Rice Science Center, Thailand has de-
veloped some new Thai rice strains with increasing
nutritive values by using plant biotechnology tech-
nique. Some rice varieties such as Sinlek brown
rice and Riceberry pigmented rice showed high
contents and activities of various antioxidants es-
pecially in bran portions."” Therefore, in this pre-
sent study, we determined the chemical antioxi-
dant activities of bran extracts from Sinlek and
Riceberry rices. In addition, the bran extract of
each rice variety was evaluated for its effects on

H, O, mediated oxidative stress in human colon

cells.

MATERIALS AND METHODS

Samples and reagents

Bran of brown rice, Sinlek and pigmented rice,
Riceberry were obtained from Rice Science Center
& Rice Gene Discovery Unit, Thailand. Rice bran
samples from experimental rice field were stored at
-20 °C until use. Dulbecco’s modified eagle me-
dium (DMEM), fetal bovine serum (FBS), phos-
phate buffered saline (PBS), penicillin and strepto-
mycin were obtained from Gibco (Invitrogen, USA).
Colorimetric (MTT) kit for cell survival and prolif-
eration were obtained from Chemicon interna-
tional, Inc. H,O, was purchased from Carlo Erba

Reagents Company.

Extraction of rice bran

The extraction of rice bran was performed accord-
ing to previous method."? Briefly, 100g of rice bran
was extracted with ethanol - water (70:30 v/v) by
stirring for 10 h at room temperature. The filtrate
of extract was passed through Whatman filter pa-
per No.1. Solvent was removed by rotary evapora-
tor. Then the sample was lyophilized, re-dissolved
and extracted with hexane to remove residual fat.
Finally, the aqueous phase of extract was lyophi-
lized and aliquoted into a test tube for storage at -
20 °C until used.

Identification of active compounds in defatted
rice bran

Bioactive compounds in defatted rice bran were
quantified at Institute of Nutrition, Mahidol Univer-
sity. The extracts were analyzed for cyanidin,
peonidin and vitamin E. The analysis was per-
formed using a high performance liquid chromatog-
raphy (HPLC). Samples were diluted with mobile
phase and then the peak area was identified base
on RT values with standards of cyanidin, peonidin

and vitamin E. The concentration of active com-
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pounds in sample extracts was quantitated from
the peak areas relative to standard calibration

curve.

Measurement of antioxidant capacity in
defatted rice bran

The antioxidant activity of the defatted rice bran
extracts was determined at Institute of Nutrition,
Mahidol University. A number of assays were
performed for antioxidative activities; oxygen radi-
cal absorbance capacity (ORAC), ferric reducing
antioxidant power (FRAP), and 2, 2-Diphenyl-I-
picrylhydrazyl (DPPH) free radical scavenging
activity. These assays were carried out accord-

ing to the previously described procedures.' "

Cell culture

Caco-2 human colon cancer cells were kindly
provided by Asst. Prof. Dr. Ratchanee Kong-
kachuichai at Institute of Nutrition, Mahidol Uni-
versity. Cell line (passage 32-36) were routinely
grown in DMEM media supplemented with 10 %
FBS and 1 % penicillin/streptomycin in humidified
incubator maintained 37 °C and supplied with 95%
air and 5% CO,. Cells were seeded at a density
of 10*cells/well onto 96 well plates and main-

tained for 48 h before experiments.

Cytotoxicity assays

The MTT assay was used to evaluate the cytotox-
icity of the rice bran extract. The assay is based
on the cleavage of the yellow tetrazolium salt
MTT into purple formazan by metabolically active
cells. Anincrease in number of living cells results
in an increase in total metabolic activity, which
leads to a stronger color formation. In the experi-
ment, bran extracts were dissolved in completed
media with 0.1% v/v DMSO at different concen-
tration (0-10 or 0-20 mg/ml for Sinlek and Rice-
berry respectively). Cells were exposed to 200 pl

of each treatment solution except, control cells

that were treated with 0.1% DMSO presented in
media without bran extracts. After 24 and 72 h of
incubation, treatment medium was replaced with
100 ul of completed media and 10 ul of MTT solu-
tion was added to each well. After 2 h of incuba-
tion, the media was removed and 100 pl of iso-
propanol/ 0.04N HCL was added to each well to
solubilize the formazan. The plate was read us-
ing a micropate reader (Bio-tek, USA) at a wave-
length of 570 nm with a reference wavelength of
630 nm. The results were expressed as the per-
centage of viable cells compare with the control

(% cell viability).

H,0; -induced oxidative stress in Caco-2 cells
Caco-2 cells were cultured in 96-well plates for 48
h before oxidative stress induction. Culture me-
dia was removed, cells were washed once with
PBS and then, H,O, was added at the concentra-
tion ranging from 0.3 to 10 mM. After 3 h of incu-
bation, cell viability was measured by the MTT

assay as described above.

Effect of rice bran extracts on H,0O;-induced
inhibition of cell growth

The effects of rice bran extracts on H,O, induced
oxidative stress and suppressing cell growth was
done by co-incubation method. The cells were
incubated in 200 pl of culture medium containing
1 mM H,0, with or without various concentrations
of the extracts (0 to 7.5 mg/ml of Sinlek and 0 to
20 mg/ml of Riceberry rice bran). After 3 h of in-
cubation, the cells were washed once with phos-
phate buffered saline (PBS) and 100 pl of fresh
medium was added. Then, cell viability was
measured by the MTT assay and the treated cells
were observed for morphology under inverted

microscope.

Statistical Analysis

All results were expressed as mean + SEM. The
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statistical significance of differences between
groups in cytotoxicity tests was determined by
one-way analysis of variance (ANOVA) followed
by Bonferroni multiple comparison tests. Stu-
dent’'s t-test was used for analysis the effects of
rice bran extracts on H,O, treated cells. P<0.05

was accepted as the statistically significant level.

RESULTS

Analyses of bioactive components and anti-
oxidant activities of rice bran extracts

Table 1 shows the antioxidant properties and bio-
active constituents of the experimental rice bran
extracts. The major bioactive components in pig-
mented Riceberry bran were two phenolics; cya-
nidin and peonidin (Fig. 1 ) whereas non-
pigmented Sinlek variety contained vitamin E.
The results of antioxidant activities were in accor-
dance with those observed in a previous study
that found pigmented rice bran had significant
higher antioxidant activities than white rice bran. It
may be partially due to the anthocyanins those
found only in the bran of Riceberry rice. Major
and minor proanthocyanidin in rice as refer to cya-

nidin and peonidin which generally found in pig-

Name R1 R2
Cyanidin OH H
Peonidin OCH H

3

Figure 1. Chemical structure of anthocyanidins

mented of fruits and vegetables have important
roles in reducing risk of cancer and other chronic
diseases because of their free radicals scaveng-
ing capacities.'®"

Cytotoxicity assay

As illustrated in Fig.2, the cytotoxicity of rice bran
extracts on Caco-2 cells was observed after incu-
bation at 24 and 72 h. Bran extracts significantly
decreased viability of Caco-2 cells in a dose- and
time- dependent manner. After 24 h incubation,
the 1C5o was 7.5 mg/ml for Sinlek whereas 20 mg/
ml of Riceberry rice bran extract reduced cell
growth to approximately 60% of control. At 72 h,
extracts from both varieties had ICs, lower than
those at 24 h. With the lower IC5, values, Sinlek
showed a greater cytotoxic activity compared to
Riceberry. For subsequent experiments the
doses equal or close to ICsq were used to examine

the effect of the bran extracts.

H, O, -induced oxidative stress and reduction
of viability in Caco-2 cells

Caco-2 cells were treated with various concentra-
tions of H,O; (0.3, 0.5, 1, 5 or 10 mM). Following
3 h of incubation after H, O, treated (Fig.3), cell
viability was determined by MTT assay. The re-
sults showed that H, O, significantly reduced cell
viability dependently on doses. At a concentration

of 1 mM, the cell viability was about 60%. There-

Table 1 The antioxidant activity and active
compounds of defatted rice bran extracts.

Sinlek Riceberry
FRAP (umole TE/ml) 146.03 407.85
ORAC (umole TE/ml) 705.89 1,735.88
DPPH (umole TE/ml) 1,078.16 5,198.48
Cyanidin (mg/100g) n.d.* 150.81
Peonidin (mg/100g) n.d. 66.76
Vitamin E (ug/100g) 996.08 n.d.

*n.d., not detected
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Figure 2. Cytotoxic effect of rice bran extracts on Caco-2 Cells. Caco-2 cells were treated with vari-
ous concentrations of rice bran extracts for 24 h (A) and 72 h (B). After incubation, cell viability was
measured by MTT assay. Data were means £ SEM (n=6).
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Figure 3. H,O.-induced reduction of viability of
Caco-2 cells. Caco-2 cells were treated with vari-
ous concentrations of H,O, (0.3, 0.5, 1, 5, 10
mM). After 3 h of incubation, cell viability was
measured by MTT assay. Data were means *
SEM (n=3). * p<0.05 compared to control group.

fore, for investigation the effects of rice bran ex-
tracts on oxidative induced cell damage, we used
1 mM as the concentration of H, O, to induced

oxidative damage.

Effect of the rice bran extracts on H,0--

induced oxidative stress in Caco-2 cells

As shown in Fig.4A and 4B, Sinlek and Riceberry
bran extracts in the highest concentration used in
this experiment did not affected cell viable. When
the rice bran extracts with 1 mM H,O, were
added simultaneously on Caco-2 cells, low con-
centrations (0.005-0.5 mg/ml) of Sinlek extract

With H,0, (1 mM)
120.00 -

100001 L 7 D

80.00 4
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% Cell viability
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»
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140.00 * 0 { )
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Figure 4. Effect of rice bran extracts on H,O,-
induced cell damage in Caco-2 cells (co-
incubation) Caco-2 cells were treated with 1
mM of H,O, with various concentrations of rice
bran extracts: (A) Sinlek or (B) Riceberry. Af-
ter 3 h of incubation, cell viability was meas-
ured by MTT assay. Data were means+SEM
(n26). * p<0.05 compared to control group.

THE 2N NATIONAL CONFERENCE IN ToXicoLoGY 17-18 DECEMBER 2009



Thai J Toxicology 2009

97

Figure 5. Effect of rice bran extracts on H,O,-induced cell damage in Caco-2 cells. Rice bran extracts were added
together with H,O,. At 2 h after the end of 3 h incubation period, cells were incubated with MTT and then observed
under phase contrast microscopy. (A) non -H,O, treated groups (B) 7.5 mg/ml Sinlek (C) 20mg/ml Riceburry (D) 1
mM H,O; (E) 1 mM H,0; /0.005 mg/ml Sinlek (F) 1 mM H,O, / 7.5 mg/ml Sinlek (G) 1 mM H,O,/ 17.5 mg/ml Rice-

burry (H) 1 mM H,O, / 20 mg/ml Riceburry

could protect a number of cells by significant in-
creased cell viability compared to H,O, treated
control group. However, the protective effect was
not seen in higher concentrations (5, 7.5 mg/ml),
on the contrary, it caused a significant dose
dependently decrease in cell viability after H,O,

exposure.

Similar results were found from the cells exposed
to Riceberry bran extract with H,O,. The cell vi-
ability had a trend of increase according to con-
centration of bran extracts (Fig.4B). At concen-
tration of 15 and 17.5 mg/ml it caused significant
protective effect against H,O,. However, at con-
centration of 17.5 mg/ml, cell viability started to
decline and the protective effect was lost at the

highest concentration of 20 mg/ml.

Morphological observations

The morphologies of the Caco-2 cells co-
incubated in rice bran extracts with or without
H.O, were examined after 3 h of incubation by
optical microscopy (Fig. 5). Without treatment,
cells were intacted and well attached to the cul-
ture plate (A). Cells incubated in the highest con-

centration of Sinlek (B) and Riceberry (C) bran

extracts appeared normal without any signs of
impairment. When the oxidative stress was in-
duced by 1 mM H,0,, the prominent morphologi-
cal changes were observed. Cell membrane ab-
erration and a detachment of monolayer were
clearly observed. In contrast, the membrane
damage and monolayer detachment induced by
H,O, treatment were completely prevented by co-
incubation with low concentration of both rice
and (G).

incubation with some higher concentrations of

bran extracts (E) However, co-
bran extracts, cell loss and detachment (F) and
membrane aberration (H) were noticed again.
The results of cell morphologies were consistent

with those of cell viability determination.

DISCUSSION

By using the chemical assays, we found that
Riceberry rice bran had a higher antioxidant activ-
ity than Sinlek rice bran. Regarding method of
analysis, ORAC assay is based on the measure-
ment of antioxidant inhibition of reactive oxygen
species (ROS) induced oxidations and thus re-
flects classical radical chain breaking antioxidant

activity by H atom transfer. DPPH is based on
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the measurement of the reducing ability of antioxi-
dants in test compounds toward DPPH- which after
reaction, DPPH color is lost. Ferric reducing anti-
oxidant power (FRAP) is based on the measure-
ment of reduction of ferric 2, 4, 6 - tripyridyl-s-
triazine (TPTZ) to ferrous-TPTZ and give blue color
by test compound. Our finding agree with a previ-
ous study,”" it showed that the bran extract of pig-
mented Riceberry rice had higher values of ORAC,
DPPH and FRAP than the bran extract of non-
pigmented Sinlek. It may be related with bioactive
compounds identified in this rice bran. Especially,
cyanidin and peonidin that expressed higher levels
in Riceberry rice bran. Both cyanidin and peonidin
is naturally occurring polyphenolic compound that
give the intense color to many fruits and vegeta-
bles. They are a group of flavonoids that represent
the aglycones of most anthocyanins in plants. In
current studies, they indicated that these flavonoids
have a potential antioxidant, anti-inflammatory and
antitumor in many cell lines.?® The structures which
support these activities were illustrated in Fig. 1.
The flavonoids are recognized for both their ability
to donate electrons and stop chain reactions.
These activities attribute to the phenolic hydroxyls,
particularly in the 3°, 4 "OH of the (B) ring and the
activities increase with the number of OH groups in
ring (A) and (B).

structure in ring (C) for contribute to metal chelating

However, they lack the ketone

activity.?'?® Therefore, the higher contents of cya-
nidin and peonidin including their suitable structures
may promote the higher ORAC and DPPH activities

of Riceberry as compared to Sinlek cultivar.

The MTT cytotoxicity assay showed that Sinlek rice
bran had a higher cytotoxic potential on Caco-2
cells than Riceberry rice bran. To investigate the
health benefits of these rice brans, the effects of
bran extracts from Sinlek and Riceberry rice on
H,O,—induced oxidative stress in Caco-2 cells were

examined. H,O, was used to induce ROS forma-

tion in this experiment because of its ability to
pass freely across cell membranes. It is precursor
of highly oxidizing, tissue-damaging radicals such
hydroxyl radical as known to be highly toxic to
many systems and generate from nearly all

sources of oxidative stress.

When 1 mM H,O, and bran extracts were added
concomitantly, Sinlek rice bran extract had higher
ability to protect cells against H,O,-induced oxida-
tive stress than Riceberry rice bran extract. Sinlek
showed preventive effect on cells at lower concen-
tration than Riceberry rice bran. Rice bran coun-
teract against the H,O,-induced decrease in cell
viability may at least partly result from its antioxi-
dant and free radical scavenging properties.
Nonetheless at the high dose range, Sinlek bran
extract also exerted a promoting effect on H,O,-
induce oxidative stress in Caco-2 cells at the lower
concentration than Riceberry rice bran extract.
Some flavonoids such as quercetin reduced intra-
cellular production of ROS and produced peroxide
in the culture medium at the same time. It was
found that low concentrations of quercetin en-
hanced total antioxidant capacity while high con-
centrations decreased total antioxidant capacity of
the cells.?* Some phenolic substances can exert
pro-oxidant activities under certain conditions,
such as in the presence of transition metal ions or
alkalis.?**® Metal-mediated autoxidation of some
phenolic phytochemicals generates semiquinone
radicals, resulting in the enhancement of redox
activity to produce reactive oxygen species includ-
ing H,O,.

may exert antimutagenic and antitumor-promoting

Thus, some phenolic phytochemicals

activities at relatively low doses, whereas at high
doses, some excess antioxidant may instead ex-
hibit acute toxicity or carcinogenicity. It is possible
that a pro-oxidant activity of extracts could be
linked to their beneficial effects in cancer therapy

while dietary plant phenolics have been reported
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to protect cells from oxidative-induced cell toxic-
ity27,28

bioactive compounds in rice bran may act as both

The present study finding indicated that

antioxidant or pro-oxidant depend on the redox

status of the cells and concentration of the extracts.

In summary, Sinlek and Riceberry rice bran ex-
tracts behaved differently in cell free and cell based
tests. Our present study showed that Sinlek and
Riceberry rice bran possessed a high antioxidant
activity in cell free system. Exposed Caco-2 cells
to rice bran extracts and H, O, simultaneously re-
vealed that at the low concentration, rice bran ex-
tract exhibited antioxidant activities whereas at the
high concentration, they seemed to be pro-oxidant
enhanced oxidative stress decrease in cell viability.
Sinlek and Riceberry rice bran extract by them-
selves, at the high dose range leaded to cell death
in dose and time-dependent manner. Therefore,
further studies in these rice bran extracts are
needed to clarify their potential activities and prop-
erties before using as supplement in food or medi-

cine.
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Status in Rat Liver
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ABSTRACT

Cleistocalyx nervosum var. paniala, Ma-kiang, is a local plant in northern region of Thailand presenting
high antioxidant activity in vitro. Our previous study found that 5 g/kg bw of C. nervosum aqueous ex-
tract had no acute toxic effect on rat. The present study was designed to determine effect of aqueous
extract of C. nervosum on oxidative status in rat liver. Male Wistar rats were divided into 3 groups. Rats
in group 1 were received water as a vehicle control, while group 2 and 3 were received 100 and 500 mg/
kg bw of aqueous extract via intragastrium 5 times a week for 4 weeks. At the indicated time, the effect
of C. nervosum on oxidative stress and antioxidant system were evaluated. Aqueous extract of C. nervo-
sum did not affect the level of total glutathione, glutathione peroxidase and catalase activities. Low dose
of C. nervosum (100 mg/kg bw) significantly increased malondialdehyde formation but high dose (500
mg/kg bw) did not. However, 500 mg/kg bw of C. nervosum extract significantly enhanced heme oxy-
genase-1 activity. Although the aqueous extract of C. nervosum at low dose exhibited the pro-oxidant
effect but at high dose, it reduced oxidative stress in rat liver. In conclusion, the aqueous extract of C.

nervosum might show biphasic effect on oxidative status of rat liver.

Keywords: Antioxidant, Cleistocalyx nervosum, liver, Ma-kiang and oxidative stress
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INTRODUCTION

Epidemiological studies suggest that the consump-
tion of fruits and vegetables reduces the risk of car-
diovascular diseases, diabetes, arthritis and cancer
due, at least in part, to their antioxidant and anti-
inflammatory activities." ? Recent studies have
shown flavonoids and related polyphenols in fruits
and vegetables contribute significantly antioxidant
activity.3 Anthocyanins are flavonoids containing
antioxidant properties in certain colorful fruits, such
as grapes and cranberries.* Many studies have
shown that anthocyanins may have potential effects
in reducing the risk of cardiovascular diseases and
cancer by antioxidant, anti-inflammatory and che-

moprotective properties.” 6

Cleistocalyx nervosum var. paniala, Ma-kiang, is
found growing in scatter locations in some villages
of the northern provinces of Thailand. The rich pur-
plish red color of C. nervosum was characterized by
an anthocyanin profile and a major compound was
cyanidin 3 -glucoside.” Our previous study found
that C. nervosum had no acute toxic effect on rat.?
There is no report on biological activity of C. nervo-
sum. Then, the present study was designed to de-
termine effect of aqueous extract of C. nervosum

on antioxidant enzymes in rat liver.

Figure 1 Fruit of Cleistocalyx nervosum var.

paniala (Ma-kiang)

MATERIALS AND METHODS

Extraction of C. nervosum

The fruit of C. nervosum (Figure 1) was collected
from Tambol Choeng Doi, Amphur Doi Saket
Chiang Mai, Thailand, in July-August, 2008.
Fresh ripe fruit of C. nervosum was extracted with
distilled water and then dried by lyophilizer. The
aqueous extract was kept in dark at -20 °C until

used to determine antioxidant activity in vivo.

Animals

Male Wistar rats, weight ranged 150 - 180 g were
obtained from the National Laboratory Animal
Center, Salaya, Nakhon Pathom, Thailand. They
were housed under standard environmental condi-
tions of temperature at 24 °C under a 12 hr dark-
light cycle, and allowed free excess to drinking
water and pelleted diet. An experimental protocol
was approved by The Animal Ethics Committee of

Faculty of Medicine, Chiang Mai University.

The male Wistar rats were divided into 3 groups of
five animals each with an initial body weight of
199+0.58 g. Rats in group 1 were received water
as a vehicle control, while group 2 and 3 were re-
ceived 100 and 500 mg/kg bw of aqueous extract
via intragastrium 5times a week for 4 weeks.
Body weight and food intake were recorded
weekly. At the end of the experiment, rats were
food deprived for 12 h, and then were anesthe-
tized by diethyl ether. Liver tissue was immedi-
ately excised, rinsed with 0.9% NaCl solution, and
frozen in liquid nitrogen. The frozen pieces of liver
tissue were kept at =80 °C until the determination

of oxidative status and antioxidant system.

Liver tissue preparation

The liver was homogenized with potassium phos-
phate buffer containing potassium chloride, EDTA
and PMSF as a protein inhibitor. Liver homoge-

nate was centrifuged at 14,000 rpm at 4 °C for 20
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min. The supernatant was transferred into a fresh
cleaned tube and centrifuged at 100,000 g at 4 °C
for 1 h. The supernatant and pellet were sepa-
rately collected which were represented the cyto-

solic and microsomal fractions, respectively.

Assay of lipid peroxidation products in

liver tissues

The quantitative estimation of lipid peroxidation
was performed by determining the concentration of
malondialdehyde (MDA) in the liver using TBARs
assay which described by the method of Ohkawa
et al’® The amount of TBARs was quantified and
used as an index of lipid peroxidation. The results
were expressed as pmol of MDA per milligram pro-

tein.

Determination of glutathione content

Total glutathione was determined by using glu-
tathione recycling system.'® The conjugation of
total glutathione and DTNB which generated yel-
low color of 2-nitro-5-thiobenzoic acid was meas-

ured the absorbance at 405 nm.

Measurement of some antioxidant enzyme
activities

Catalase (CAT) activity was measured according
to Aebi H."' The enzyme reaction assay contained
30 mM H,0O,, 50mM phosphate buffer (pH 7.0) and
sample in a total volume of 750 pl. CAT activity
was estimated by the decrease in absorbance of
H,O, at 240 nm and was expressed as nmol of

H,O, decomposed per min per mg protein.

Glutathione peroxidase (GPx) plays important role
in protecting of organisms from oxidative damage.
GPx reduces hydroperoxide coupling with oxidizes
glutathione (GSH) to oxidized glutathione (GSSG).
Then, GSSG was further reduces to GSH by glu-
tathione reductase using NADPH as an electron
donor. The decrease of NADPH is relative to GPx

activity. The decrease of NADPH can be meas-

ured by absorbance at 340 nm."?

Heme oxygenase (HO) is a potent antioxidant en-
zyme and is important in the cellular response to
oxidative injury. HO is an antioxidant enzyme
catalyzing degradation of heme. The end products
of HO are carbon monoxide, biliverdin, and free
iron. Biliverdin can be subsequently converted to
bililubin by biliverdin reductase. Bilirubin levels are
then measured by a spectrophotometric method
using the difference in absorption at 460 and

530nm."™

Statistical analysis

Results were expressed as mean + standard error
of mean (SEM). Statistical significance was deter-
mined by one-way analysis of variance (ANOVA)

and post hoc least-significant difference (LSD) test.

RESULTS

Body weight and consumption of diet and water did
not show any significant differences in treated
groups when compared to control group (Data not
shown). The effect of C. nervosum aqueous ex-
tract on antioxidant and biochemical parameters
was summarized in Table 1. The MDA formation
resulting in lipid peroxidation was measured in
terms of the TBARs formation. The level of MDA
in the liver homogenate was significantly increased
in the rats treated with 100 mg/kg bw of C. nervo-
sum extract when compared to the control group.
However, high dose of C. nervosum extract (500
mg/kg bw) significantly increased heme oxygenase
(HO-1 ) activity.

modulate on total glutathione level, glutathione

The aqueous extract did not

peroxidase and catalase activities.

DISCUSSION AND CONCLUSION

In the previous study showed that the aqueous

extract of C. nervosum contained total phenolic
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Table 1 Effect of C. nervosum aqueous extract on the level of malondialdehyde, total glutathione,
glutathione peroxidase, catalase and heme oxygenase-1 in rat liver

Aqueous extract of C. nervosum

Szt 100 mglkgbw 500 mg/kg bw
MDA formation i}
(pmol/myg protein) 12.36 + 4.03 20.60 + 5.37 17.49+2.70
Total glutathione
. 17.61+£3.72 15.94 + 5.92 18.28 +2.42
(nmol/mg protein)
Glutathione peroxidase activity
(pmol/min/mg protein) 25.22 +2.62 2711 +£4.94 28.38 £ 8.50
Catalase activity
19.08 £ 2.72 14.04 + 1.53 10.17 £ 2.44

(nmol/min/mg protein)

Heme oxygenase-1 activity
(umol/min/mgprotein)

820.83 + 81.38

982.64 + 164.92 1,248.61 £ 230.50

Values are mean+SEM from 5 rats in each group. *Significantly difference from control group; p<0.05 .

conpounds 181.16 £ 0.59 mg gallic acid equiva-
lences per 100 gram fresh weight and total fla-
vonoids 54.86 + 3.45 mg catechin equivalences
per 100 gram fresh weight.® The phenolic com-
pounds found in aqueous extract of C. nervosum
might take a part of its antioxidant capacity. The
mechanism of antioxidant activity of C. nervosum
might be involved in scavenging free radical and/
or chelating iron generating Fenton reaction.®
Lipid peroxidation and antioxidant systems were
used as important biomarkers for detection of
antioxidant property of aqueous extract. Four
antioxidant systems (GSH, GPx, CAT and HO-1)
and MDA formation were evaluated for oxidative
status. The results in the present study have
demonstrated that aqueous extract of C. nervo-
sum could affect both of antioxidant system and
MDA formation in rat liver. It showed that oxida-
tive stress significantly increased in rats treated
with aqueous extract at a low dose (100 mg/kg
bw). The increasing of oxidative stress in liver
was observed in only rat received low dose of C.
nervosum extract which might be a dose of
prooxidant. Phenolic phytochemicals are not only

recognized as antioxidants, but they can also ex-

ert prooxidant activities. In fact, most free-radical
scavengers act in oxidation-reduction reactions
that are reversible, and some, such as phenolic
phytochemicals, can act both as antioxidants and
prooxidants depending on their structure and the
conditions. The prooxidant activity is thought to
be directly proportional to the total number of hy-
droxyl groups.'* So, C. nervosum might exhibit
an antioxidant activity at high dosage while act as

a prooxidant at low dosage.

Glutathione is one of the most abundant non-
enzymatic biological antioxidants present in the
liver. Its functions include removal of free radi-
cals such as hydrogen peroxide, superoxide ani-
ons and alkoxy radicals, maintenance of mem-
brane protein thiols and acting as a substrate for
glutathione peroxidase (GPx). GPx catalyses the
reduction of H, O, and hydroperoxides to non-
toxic products. CAT catalyses the reduction of
H,O, and protects the tissue from highly reactive
oxygen free radicals and hydroxyl radicals. The
result showed that aqueous extract of C. nervo-
sum did not affect on total glutathione, glutathione
peroxidase and catalase activities. Other antioxi-

dant enzyme which determined in the study is

THE 2N NATIONAL CONFERENCE IN ToXicoLoGY 17-18 DECEMBER 2009



Thai J Toxicology 2009

105

heme oxygenase (HO-1). It mediated cytoprotec-
tion which is important for tissues that are vulner-
able to oxidative stress."® Aqueous extract at
dosage of 500 mg/kg bw significantly increased
heme oxygenase activity and also decreased
MDA formation.

nervosum extract enhance oxidative stress in rat

Although at low dosage of C.

liver, on the other hand at high dosage of C. ner-
vosum extract might be able to reduce oxidative
stress by enhancement of non-glutathione path-
way such as heme oxygenase. In conclusion, the
aqueous extract from C. nervosum might show

biphasic effect on oxidative stress in rat liver.
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ABSTRACT

Alpha amanitin (a-amanitin) is the mainly toxic substance in Amanita mushrooms in Thailand. Toxicity of
a-amanitin is directly on the liver organ leading to body systemic failure. Silibinin is an antioxidant and
only one medication that can help reduce the toxicity of a-amanitin, but its mechanism of action is still
unclear. The antioxidant activities of silibinin in scavenging free radicals, i.e. superoxide radical, hydroxyl
radical, and H,O, as well as the direct trapping between silibinin and a-amanitin were evaluated in vitro.
The scavenging free radicals of silibinin in this study were demonstrated in XO-HX, Ribose- and H,0.-
ABT/HRP systems by comparing to the standard antioxidants; gallic acid, N-acetylcysteine (NAC), and
quercetin. Anti-toxicity was studied in human blood from a-amanitin oxidation, then the whole blood glu-
tathione (GSH) and plasma malondialdehyde (MDA) levels were detected with DTNB and TBARs . The
results showed that silibinin scavenged superoxide radicals lower than quercetin but higher than gallic
acid and NAC. It scavenged hydroxyl radicals better than quercetin, NAC and gallic acid, respectively.
However, the scavenging activity on H,O; of silibinin was lowest among the compared antioxidants. In-
terestingly, silibinin protected the GSH and inhibited MDA production in blood from a-amanitin oxidation
in a dose response manner. The study revealed that silibinin had scavenging activity directly on free
radicals, especially superoxide, hydroxyl radicals, and H,0O,. It also protected the GSH and inhibited

MDA production in human blood from a-amanitin oxidation.

Keywords: Alpha-amanitin, silibinin, antioxidant activity, scavenging free radical, Amanita mushroom
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INTRODUCTION

Bureau of epidemiology, Thailand (2008) reported
1,624 cases with 5 deaths from consuming Ama-
nita mushrooms in Chiang Mai and Mae Hong
Son. The most poisonous substance of amatox-
In Thailand,
Amanita verna (Bull.ex.Fr.) Vitt. and Amanita vi-
The

structure of amatoxins is a bicyclic octapeptides

ins is alpha amanitin (a-amanitin).
rosa Secr. are the main lethal toadstool.!

with an indole-(R)-sulphoxide bridge and different
amatoxins have been classified in alpha-, beta-,

23 g-Amanitin is the most

and gamma amanitins.
toxic compound (the lethal dose in human adults
is 0.1 mg/kg body weight).*® The mechanism of
a-amanitin toxicity is due to its strong inhibition on
the activity of RNA polymerase |l leading to the
inability in producing messenger RNA and conse-
quently causing cell death within 24 hour.* Other
toxic mechanisms have also been proposed,
such as, a-amanitin acts synergistically with en-
dogenous cytokine (e.g. tumor necrosis factor)®
and may cause generation of free radicals within
liver cell.” Some evidences showed that a-
amanitin acted either as an antioxidant in the
auto-oxidizing liposome system or as a pro-

oxidant in Fenton reaction.®

Silibinin is the major compound of the silymarin
isolated from seeds of mediterranean milk thistle,
Silybum marianum (L.) Gaertn. (Asteraceae), and
clinically used as a hepatoprotectant.®'® Silibinin
has anti-hepatotoxic activity with anti-inflammatory,
anti-allergic and anti-oxidant activities by scav-

1017 | animal liver,

12,13

enging various free radicals.
silibinin is shown to inhibit a-amanitin uptake
and also inhibit penetration of a-amanitin by com-
peting with a-amanitin at the hepatocyte mem-

brane."’

In Thailand, mushroom poisoning especially

Amanita poisoning was increasingly reported

every year. The toxic manifestation of amatoxin
poisoning takes a long period of latency. The
delay onset of symptoms seems not to be too
severe and often lead to misdiagnosis or delayed
diagnosis. Several reports claimed the antidote
of silibinin to amatoxin is due to antioxidant activ-
ity but the actual mechanism of silibinin is still
unclear. The aim of this study was to evaluate
the mechanism of silibinin on a-amanitin in vitro
by observing its scavenging free radicals and ac-

tivity in human blood.

MATERIALS AND METHODS

Chemicals
N-acetylcystein  (NAC),

quercetin, silibinin, hypoxanthine (HPX), xanthine

thymol, gallic acid,
oxidase (XOD) were purchased from Sigma (St.
Louis, Mo, USA). 2,2 -azino-bis (3-ethylbenzthia-
zoline-6-sulfonic acid (ABTS), nitrotetrazolium blue
chloride (NBT), 2-deoxy-D-ribose, 5,5 dithiobis-
(2-nitrobenzoic acid) (DTNB), a-amanitin, ammo-
nium acetate were purchased from Fluka (Buchs,
Switzerland). Acetronitrile was purchased from
SK chemicals (Korea). Other chemicals were of

analytical grade.

Determination of scavenging activity on H,0,

The testing method was followed Okamoto et al."
Briefly, potassium phosphate buffer (0.1 M, pH 6.0),
silibinin, H, O, (0.003%), peroxidase (10 U/ml),
and ABTS (0.1%) were thoroughly mixed. Reac-
tion mixture was incubated at 37 °C for 15 min
and the absorbance was measured at 415 nm.
The concentration of silibinin at 50 % inhibitory
activity was compared to NAC, gallic acid and
quercetin which were used as the standard anti-

oxidants. All tests were repeated 3 times.
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Determination of scavenging activity

on superoxide anion (0,")

The assay was followed Gaulejac et al.'® Superox-
ide anion radicals were generated in a hypoxan-
thine/xanthine oxidase (HPX-XOD) system and as-
sayed by NBT reduction. The decrease in absorb-
ance at 560 nm was measured every 15 second for
6 min. The amount of silibinin to reduce the initial
O;° concentration by 50% was compared to NAC,
gallic acid and quercetin. All tests were repeated 3

times.

Determination of scavenging activity on
hydroxyl radical (OH)

The method of OH™ measurement is by thiobarbi-
turic acid-reactive substances (TBAR) assay as

116 Oxidative attack of

described by Ozyiirek et a
OH generated from a Fenton reaction on deoxyri-
bose to produce MDA and measured the formation
of MDA-TBA adducts to detect OH™. The amount of
silibinin at 50% inhibition was compared to NAC,
gallic acid and quercetin. All tests were repeated 3

times.

Antioxidant activity in human erythrocytes

Four systems were designed: erythrocyte (control
group), erythrocyte with a-amanitin (negative con-
trol), erythrocyte with a-amanitin plus silibinin, and
erythrocyte plus silibinin.
bated at 37°C for 2 hr.

evaluated for glutathione and the plasma was sepa-

Each system was incu-

Whole blood was then

rated by centrifugation at 3,000 xg for 10 min to
evaluate MDA. Evaluation of MDA was adapted
from Chirico."” The measurement of MDA based on
MDA-TBA adduct formation and measured at 532 nm.
Glutathione assay was applied from Beutler et al.'®
Briefly, a whole blood sample was mixed with dis-
tilled water and precipitating solution. The mixture
was centrifuged at 10,000 xg for 5 min. A super-

natant was mixed with 0.3 M Na,HPO, (pH 8.0) and

1 mM DTNB. After incubated at room temperature
for 5 min, yellow complex was developed and read

absorbance at 412 nm.

Determination of a-amanitin by HPLC

The chromatographic condition was followed the
method of Jehl et al."® The HPLC apparatus was
run on the 9012Q pump solvent delivery system
with a prostar 310 UV/VIS detector (Varian Chro-
matography system, USA). a-Amanitin was sepa-
rated in a Luna C18 (5 mm 125 x 4.6 mm)
(Phenomenex®, USA). The mobile phase was a
mixture between 0.02 M aqueous ammonium ace-
tate and acetonitrile (88:12, viv ) (pH 5), and a-
amanitin was analyzed at 280 nm. The calibration
curve was prepared based on the five concentra-
tions of standard a-amanitin (6-100 pyg/ml). Deter-
mination of a-amanitin was directly trapped with
silibinin. a-Amanitin (50 pg/ml) were incubated
with various concentration of silibinin (200, 100
and 10 pg) at room temperature for 5 min, and o-

amanitin was then analyzed with HPLC.

RESULTS AND DISCUSSION

Free radical scavenging activity

The study showed that gallic acid had the highest
scavenging activity (0.34 + 0.01 pg) on H,0O,, fol-
lowed by NAC (0.57 £ 0.01 pg), quercetin (3.78 +
0.02 ug) and silibinin (4.84 + 0.01 ug). For the
scavenging on O, at 50%, the results showed
that quercetin provided the highest scavenging
activity (0.07 + 0.01 ug) followed by silibinin (0.36
1+ 0.01 ug), gallic acid (45.42 £ 1.92 pg), and NAC
(4,778.34 + 208.63 pg). Silibinin showed the best
scavenging activity (214.67 + 229.86 ug) on OH
scavenging compared to quercetin (410.00+ 121.66
Mg), NAC (666.67 £ 5.77 pg) and gallic acid
(713.33 £ 5.77 pg) (Table 1). The study of Mira et
al® has found that silibinin dihemisuccinate (water

soluble form of silymarin) was not a good scaven-
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Table1: 1Cs antioxidant scavenging activity of silibinin, NAC, gallic acid, and quercetin

compound H.0, scavenging 0," scavenging OH™ scavenging
activity (ug) activity (ug) activity (ug)
Silibinin 4.84 £ 0.01 0.36 £ 0.01 214.67 + 229.86
NAC 0.57 £ 0.01 4,778.34 + 208.63 666.67 £ 5.77
Gallic acid 0.34 £ 0.01 4542 +1.92 713.33+5.77
Quercetin 3.78 £0.02 0.07 £ 0.01 410.00 £ 121.66
50 » 200
“ ] 150
$ — g "
3 2w . ’
g » 5 H I ] I

c-amanitin (25 pgfml) - + + + +

siliinin (pg) - - 212 423 847

Figure 1 Effect of silibinin at 2.12, 4.23 and 8.47
Mg on lipid peroxidation (MDA) level in whole blood
from a-amanitin (25 pg/ml) oxidation. Each bar is a
mean and standard deviation from ftriplicates. *,
p<0.05 compared to the whole blood without any
treatment (first bar); and # , p< 0.05 compared to
the whole blood treated with a-amanitin (second
bar).

ger of O,° and gave no reaction with H, O,, but
could scavenge OH. The present study, however,
found that silibinin showed antioxidant activity to-
ward H,0,, O,° and OH".

methods for determine free radical scavenging ac-

Besides the different

tivity were used, silibinin in this study was a pure
compound and insoluble in water. Nevertheless,
our results confirmed that silibinin acts as antioxi-

dant 10,21

Antioxidant activity in human blood

Figure 1 showed that silibinin inhibited the lipid per-
oxidation on human erythrocytes from a-amanitin
oxidation at 4.23 and 8.47 pg (MDA 30.64 and
28.97 pg/dl) compared to the control (26.11 pg/dl) ,

a-amanitin (25 pgiml)

silibinin (ug) - - 212 4,23 8.47

Figure 2 Effect of silibinin at 2.12, 4.23 and 8.47
Hg on GSH level in whole blood from a-amanitin
(25 pg/ml) oxidation. Each bar is a mean and
standard deviation from triplicates. *, p<0.05 com-
pared to the whole blood without any treatment
(first bar) and # , p< 0.05 compared to the whole
blood treated with a-amanitin (second bar).

which was significantly different (p<0.05). The o-
amanitin significantly decreased (p<0.05) the
GSH level (78.78 mg/dl) compared to the control
(189.51 mg/dl). Silibinin at 4.23 and 8.47 ug sig-
nificantly increased GSH level (92.34 and 108.30
mg/dl) significantly compared to a-amanitin alone
(Figure 2). Silymarin interacts directly to the cell
membrane and prevent any abnormalities of lipid
fraction responsible for maintaining normal mem-

921 Thus, it prevented oxidation of

brane fluidity.
membrane lipids resulting in reducing MDA level
after treated a-amanitin with silibinin. This con-
firmed that silibinin helps to maintain and protect
the antioxidant system such as GSH and super

oxide dismutase.???* Silibinin also protected GSH
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from a-amanitin oxidation with a dose response

manner.

Determination of a-amanitin by HPLC

The retention time of a-amanitin was 11.78 + 0.47
min. The limit of detection (LOD) and the lower limit
of quantitation (LOQ) of alpha amanitin were 4.3
and 5.73 pg/ml, respectively. The peak area re-
sponded to the dose concentration at 6-100 pg/ml
with a good correlated coefficience (r = 0.999).
The method showed the high accuracy with % re-
covery of the measurement of a-amanitin more than
95% (95-98%), including good intra-day coefficient
of variation (3.53 to 7.73% in range) from 10 repeti-
tive tests. The direct scavenging effect of silibinin
on a-amanitin was done by varying concentrations
of silibinin (10, 100, or 200 ug) with 50 ug/ml of a-
amanitin. The results showed no different change
compared to the untreated a-amanitin (Figure 3).
This finding suggested that silibinin did not affect
directly on a-amanitin, but the inhibitory action of
silibinin is by binding to cell membranes; and there-
fore inhibit a-amanitin penetration of the cell mem-
brane. Silibinin also competed with a-amanitin for
the specific bile salt transport systems of hepato-

cyte membrane.*
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Butylated Hydroxytoluene in Edible Vegetable Oils from Local Markets
of Chiang Mai and Mae Hong Son and Its Thermal Stability in Different
Cooking Conditions

Likhitrungrat C', Chokethaworn N', and Suttajit M?
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2 School of Medical Science, Naresuan University, Phayao, Thailand

ABSTRACT

Butylated hydroxytoluene (BHT) was widely used to protect oxidation and rancidity of food products con-
taining fats and oils since it had high antioxidant activity. In this study, samples of edible vegetable oils
from 25 local markets in Chiang Mai province and Mae Hong Son province were determined for BHT
contents by gas chromatography-mass spectrometry (GC-MS). Of 18 vegetable oil samples, 3 palm oil
samples from the local markets contained BHT in the range of 6.8-86.1 ug/g. The extracts of edible
vegetable oil samples had 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity in the range
of 7.5 to 75.8% which had gallic acid equivalent and BHT equivalent concentrations in the ranges of 6.5
to 65.9 mg/g and 17.2 to173.0 mg/g, respectively. Three different home-cooking conditions were tested
for thermal stability of BHT in the samples of palm oil. It was found that cooking temperatures at 98-100
°C by boiling or stir-frying for 1-15 min lost BHT 24-31% in the oil, while deep frying at 200+10 °C for 5-
15 min showed 46-62% loss of BHT.

Keywords: Butylated hydroxytoluene, edible vegetable oil, antioxidant activity

2 . .
INTRODUCTION health.” The effects of BHT increase the suscepti

bility of mice to lung carcinogens and lung tumor

Antioxidant compounds in food have an important
P P development have broadened the concept of two-

role as a health protecting factor. They are sup- , ) ,
stage carcinogenesis and complement the evi-

posed to protect living organisms from oxidative o o )
dence for initiation for other epithelial tissues in

damage. Synthetic antioxidants are more easil
g y Y liver, colon, stomach, trachea, urinary bladder, and
available and have been used in a wide variety of 34 . )
mammary glands.”" Many oil refiners and food

oil products.” Although they are effective in pro-
" produ ug y vemnp processors continue to use butylated hydroxytolu-

tectin roduct quality in food, excess of these . ) .
gp g y ene in vegetable oils because of its low cost.’ The

antioxidants added to food might produce toxicit
gnt p y objectives of this study were (1) to determine BHT

or mutagenicities that may be harmful to human ) o , i
in edible vegetable oils including palm oil, soybean

oil, corn oil, black sesame oil, rice bran oil, cotton

¥ Corresponding author: seed oil and sunflower oil by GC-MS, (2) to assay
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different cooking conditions.
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MATERIALS AND METHODS

Materials
Standard 2,6-di-tert-butyl-4-

methylphenol (BHT) and gallic acid were purchased

solutions of

from Sigma-Aldrich (Germany). Methanol and ace-
tonitrile were purchased from JT Baker (USA). All
chemicals were of analytical grade. Eighteen edi-
ble vegetable oil samples were purchased from
local markets in Amphoe Sansai and Amphoe

Muang, Chiang Mai, Thailand.

Preparation of BHT and gallic acid standards

A standard stock solution 0.1% (w/v) of BHT and
gallic acid were dissolved in acetonitrile. The volu-
metric flask was shaken until a homogenous and
clear solution was formed. The stock solution was
covered with aluminum foil and stored in a refrig-
erator (~4 °C). Fresh standard solutions were pre-
pared by dilution of an appropriate amount of the

stock solution in acetonitrile on the day of use.

Sample preparation

One gram of each edible vegetable oil sample was
put into a 20 ml sample bottle and then 2 ml of ace-
tonitrile were added, secured the screw, shook and
sonicated for 15 min. The sample extract was kept
in a freezer at -20 °C for 1 hour. The clear portion
was collected and sonicated. 1-2 pl of the sample

solution was injected to a GC-MS system.

Measurement of radical scavenging activity

The method was adapted from Erasto et af and
Miraliakbari and Shahidi.” Briefly, 2 ml of 1,1-
diphenyl-2-picrylhydrazyl (DPPH) solution (0.1 mM)
in methanol was mixed with 1 ml of oil extracts (ten-
fold dilution) and mixed thoroughly, left to stand for
30 min in the dark until stable absorption values
were obtained. BHT and gallic acid were used as

reference antioxidant compounds. The absorbance

of remaining DPPH radicals was read at 517 nm
using a spectrophotometer (HITACHI, Model U-
1100, Japan). Analysis of each assay solution was
done in triplicate. The scavenging of DPPH radi-
cals was calculated according to the following

equation:

DPPH radical scavenging activity (%) =
[(Acontrol = Asample)/AcontroI] x 100

Thermal stability of BHT in palm oil

To investigate thermal stability of BHT in palm oil
samples, the oil was heated in an electric pan,
with temperature controlled at 200+10 °C. This
condition was similar to a deep fried cooking con-
dition in home kitchen of Thai people. At each 5
min interval, an aliquot of the fried oil (2 ml) was
collected for extraction by acetonitriie and sub-
jected to GC-MS analysis. Cooking condition by
heating oil in boiling water with temperature con-
trolled at 98 °C, at 5 minute interval, an aliquot of
the cooking oil (2 ml) was collected for extraction
and analysis. Cooking condition by stir-frying, the
oil was stir-fried in mixture of water:oil (1:10), tem-
perature was controlled at 100+5 °C. At 1 minute
interval, an aliquot of stir-fried oil (2 ml) was col-
lected for extraction and analysis. Preparation of
these samples was described in the above prepa-
ration of samples. 1 ul of the sample extract solu-

tion was injected to a GC-MS system.

GC-MS analysis

GC-MS analysis was performed using Agilent
6890 (Agilent Technologies, USA) equipped with
column HP-5MS (Agilent Technologies), 30 m x
250 ym i.d., 0.25 ym film thickness and Agilent
MSD 5973 (Agilent Technologies) quadrupole
mass spectrometer with an electron impact (El)
ion source as a detector. Carrier gas was Ultra

high purity (UHP) helium at 1.0 ml/minute. Oven
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temperature was: initial 40 °C, held for 3 minutes,
programmed to 300 °C at 30 °C/minute. The detec-
tor was operated at 70 eV with full scan (30~550
amu). lon source temperature was 230 °C. The
temperature of quadrupole was 150 °C. Software
used was NIST98 Library and WILEY Library mass

database. Samples were injected in splitless mode.

RESULTS AND DISCUSSION

The BHT standard was determined based on the
sample solution. The retention time of BHT stan-

dard was 8.84 minutes (Figure 1).

In the quantitation results of BHT of eighteen edi-
ble vegetable oil samples, three samples were
found to contain BHT in the range of 6.8-86.1 mg/g
(Table 1). The difference of BHT content in each
sample depends on the manufacturer of the palm
oil. Palm oil from the same manufacturer, but col-
lected from different markets, showed almost the

same BHT values.

The result showed that the 18 edible vegetable oil
samples had DPPH radical scavenging activity in
the range of 7.5-75.8%, 6.5-65.9 mg/g of gallic

acid equivalent and 17.2-173.0 mg/g of BHT
equivalent. Palm oil (1) — (7) had activity ranged
from 40.2% to 75.8%, gallic acid equivalent and
BHT equivalent in the ranges of 35.0-65.9 mg/g
and 91.7-173.0 mg/g, respectively. Palm oil (3)
has the highest activity than other palm oil and
other vegetable oils (Table 2). All samples of edi-
ble vegetable oil showed antioxidant activity, but
BHT were not detected in some samples, because
of different antioxidants (natural or synthetic) used

in various products.

Table 2 shows that the 18 edible vegetable oil
samples have DPPH radical scavenging activity in
the range of 7.5-75.8%, 6.5-65.9 mg/g of gallic
acid equivalent and 17.2-173.0 mg/g of BHT
equivalent. Palm oil (1) — (7) had activity ranged
from 40.2% to 75.8%, gallic acid equivalent and
BHT equivalent in the ranges of 35.0-65.9 mg/g
and 91.7-173.0 mg/g, respectively. Palm oil (3)
has the highest activity than other palm oil and
other vegetable oils. All samples of edible vegeta-
ble oil showed antioxidant activity, but BHT were

not detected in some samples, because of different

TEC: 300D

Figure 1 GC chromatogram of BHT detected from a palm oil extract.
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Table 1 Content of BHT detected in the palm oil
samples by GC-MS

Palm oil BHT (pg/g)

Sample # 1 2 3 Mean + SD
(1) 859 86.1 86.2 86.1+0.2
2) 180 18.0 18.1 18.0 £ 0.1
(3) 6.8 6.7 6.8 6.8+0.1

Note: BHT was not detected in other oil samples
including 4 palm oil samples, 4 soybean, 2 corn
oil, 2 black sesame oil, 1 rice bran oil, 1 cotton
seed oil and 1 sunflower seed oil sample(s).

antioxidants (natural or synthetic) used in various

products.

Cooking such as deep frying, boiling in water and
stir-frying methods could affect BHT content in
the oil. This study demonstrated that deep frying
was the best method to decrease BHT from
100% to 46% at 5 min and 62% at 15 min. Heat-

ing of oil in boiling water and stir-frying could de-

crease the BHT to about 24-31% within 1-15
min. In other study, temperature can drastically
affect the commercial antioxidants. BHT is effec-
tive as antioxidants at temperatures up to 175 °C

and exhibiting only 25 to 30% inactivation.®

In conclusion, BHT in oil samples was generally
safe for consumption and we found only one
sample contained BHT over the limit. The maxi-
mum level of BHT limited by Thai Food Regula-
tions (Ministry of Public Health, Thailand) is 75
mg/kg of BHT for edible fats and oils. This
method should be applied for effective analysis of
BHT antioxidant in other vegetable oils, edible
fats and toxic residues in foods. One of the impor-
tant applications of GC-MS was for identifying
compounds using both the retention times and
the relative abundances of the characteristic frag-
ment ions, thus increasing accuracy and provid-
ing reliable results. Cooking temperatures and
time as well as cooking method affected BHT

contents in foods.

Table 2 DPPH radical scavenging activity of edible vegetable oils (mean £ SD)

DPPH radical scav- Gall_ic et B.HT
Samples enging activity (%) equivalent equivalent
(mglg) (mglg)

Palm oil (1) 48.9+0.1 42.5+0.1 111.7£0.3
Palm oil (2) 43.1+0.1 37.5+0.0 98.3+0.0
Palm oil (3) 75.8+0.1 65.9+0.1 173.0£0.3
Palm oil (4) 43.2+0.1 37.60.1 98.5+0.2
Palm oil (5) 40.2+0.1 35.0+0.1 91.7+0.2
Palm oil (6) 45.110.1 39.2+0.2 102.9+0.4
Palm oil (7) 45.5+0.1 39.6+0.1 103.8+0.2
Soybean oil (1) 14.91+0.0 13.0£0.1 33.8+0.1
Soybean oil (2) 18.5+0.0 16.1+0.1 42.3+0.1
Soybean oil (3) 19.310.1 16.810.2 44.0+0.4
Soybean oil (4) 13.610.2 11.810.2 31.1£0.7
Corn ail (1) 7.5+0.0 6.5+0.1 17.2+0.1
Corn oil (2) 14.8+0.0 12.940.1 33.7£0.1
Black sesame oil (1) 20.7+0.1 18.0+0.1 47.1+0.3
Black sesame oil (2) 25.240.1 21.9+0.1 57.5+0.2
Rice bran oil (1) 30.3+0.1 26.4+0.2 69.1+0.5
Cotton seed ail (1) 7.8+0.1 6.810.2 17.8+0.4
Sunflower seed oil (1) 9.7+£0.2 8.41+0.3 22.1£0.7
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Table 3 Stability of BHT in 3 different cooking conditions

BHT (%)

Cooking condition

Loss of BHT (%)

0 min 1Tmin 5 min

15 min Omin 1 min 5 min 15 min

Deep fried 100 - 54 38 0 - 46 62
Boiled 100 - 73 69 0 - 27 31
Stir-fried 100 76 71 - 0 24 29 -
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DNA Extraction from Buccal Cells for Determination of Nucleotide
Polymorphism at rs 1800497 Position in Dopamine D2 Receptor Gene

Pitsinee Inthi', Manit Srisuraphanont?, Surinporn Likhitsatien? Lertlakana Bhoopat’,
and Tanin Bhoopat'*

' Department of Forensic Medicine, Faculty of Medicine, Chiang Mai University
2 Department of Psychiatry, Faculty of Medicine, Chiang Mai University
3 Department of Pathology Faculty of Medicine, Chiang Mai University

ABSTRACT

Substance use disorder is influenced by complex genetic and environmental factors. Many studies found
that genetics may play an important role in the development of alcohol dependence. Twin and family
history studies revealed that genetics affect a heritability of alcoholism approximately 50-60%. The neu-
rotransmitter in brain especially dopamine may associate with rewarding system that might increase risk
in alcohol dependence. The dopamine D2 receptor gene (DRDZ2) allelic status may influence on devel-
opment of alcohol dependence due to the change in number of receptor. This study aimed to demon-
strate that buccal cells could be used as an alternative source of DNA for PCR-RFLP based method to
determine the allelic status of DRD2. The DNA samples were extracted from buccal cells using pro-
teinase K and 5% chelex solution, then amplified by PCR method with some modification of the primer
sequence. The optimization for annealing temperature was performed. Our PCR system using an an-
nealing temperature at 56 °C yielded the most specific amplified DNA of approximately 200 ng/ul. The
PCR product was digested with Taq|l restriction enzyme at 65 °C overnight. The digested product was

separated in 8.5% polyacrylamide gel elctrophoresis for genotyping.

Keywords: Alcohol dependence, PCR-RFLP, DRD2, buccal cells.

als. It is suggested that neurotransmitter in brain

INTRODUCTION

Many studies found that addictive behaviour are

may associate to the alcohol dependence devel-

opment. In the family with positive history of alco-

influenced by genetics and environmental factors.  holics, the biological offspring have 3-5 folds risk

Twin and family history studies revealed that to develop alcohol dependence in adolescence

genes may play a role in substance dependence  than the negative family.'* The individual differ-

including 50 % to 60 % of alcohol dependence  ence in alcohol susceptibility may be a result of

linked to genetic factor."? Genetic effects may

DNA variation called DNA polymorphism that

contribute to the alcohol susceptibility in individu- m|ght affect protein structure or function. The dif-

ference region and pattern of DNA polymorphism

* Corresponding author: can effects protein synthesis and its quality.4

Professor Dr. Tanin Bhoopat

Department of Forensic medicine,

Faculty of Medicine, Chiang Mai University,
Chiang Mai, Thailand 50200

E-mail: tbhoopat@mailmed.cmu.ac.th

The mesocorticolimbic dopamine system in ven-
tral tegmental area (VTA) of the brain may plays

important role on brain reward mechanism®® and
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associate with addictive behaviour. The addictive
drugs including alcohol can overstimulation dopa-
mine release in nucleus accumbens (NAC) rein-
force the user to repeat drug administration. The
chronic overstimulation of dopamine causes drug

tolerance, followed by addiction.”?

The studies of 5 dopamine receptor gene (DRD1-
DRDS5 ) found that dopamine D2
(DRD2) located on chromosome 11 q22-23 is asso-

receptor gene

ciated with alcohol dependence.’
phism at Taql A site (rs1800497 in dbSNP; C/T) A1

alleleic status (TT or TC genotype) prevalence is

The polymor-

significantly higher in alcoholic patients than control
group.’® Many studies were performed in different
ethnic group show the similar result. For the Asian
population'’ also found more prevalence of A1 al-
lele in Japanese alcoholic patients than the control
group. Besides that the prevalence of A1 allele was

also correlated with the severity of the disease.

Most studies for A1 allele determination in DRD2
were conducted by using DNA extraction from
blood."""? Since buccal cell is more simple to col-
lected with non-invasive method, it should be used
as a source of DNA for the test. We demonstrated
the technique for determination of polymorphism at
Taql site of DRDZ2 using buccal cells as a sample of

choice.

MATERIALS AND METHODS

Buccal cell collection

The buccal cells samples were collected from the
volunteers by scraping (about 10 times) the oral
mucosa with the blunt end of a toothpick. The sam-
ple was soaked with 1 ml sterile distilled water in
the 1.5 ml centrifuge tube and stored in -20°C until

extraction.

DNA extraction from buccal cells
The samples were thawed at room temperature

then centrifuged for 1 min at 14,000 xg. After the
supernatant was discarded, the pellet was washed
with 1 ml of sterile distilled water for 3 times and
then 290 ul of sterile distilled, 5 pl of proteinase K
solution (1 mg/ml; Sigma, USA) and appropriate
amount of chelex resin (Sigma, USA) were added.
The sample tubes were incubated at 55°C for 60
min. After the buccal cells were completely di-
gested, samples tubes were reincubated at 100 °C
for 8 min. The sample were centrifuged at 14,000

xg for 1 min then stored at 4 °C until amplification.

DNA amplification

The extracted DNA was used as a template for the
polymerase chain reaction method (PCR) by the
procedure previously described'?"'*® with some
modification of primer sequence as followed
(Invitrogen USA): forward primer: 5°’ACG GCT
GGC CAA GTT GTC TA 3’, reverse primer: 5°
CCT TCC TGA GTG TCA TCA AC 3'. PCR was
performed in a final volume of 20 pl and carried
out in a mastercycler ep (Eppendorf Germany).
About 2 pl of extracted DNA were used as a tem-
plate in a final volume of 20 pl containing 20 mM
Tris-HCI (pH 8.4), 50 mM KCI, 1.5 mM MgCl,,
0.25 mM of each dNTPs, 0.01% BSA, 0.05%
Tween 20, 0.5 Unit of of Tag DNA polymerase and
0.25 pM of each primer (Invitrogen USA). To opti-
mize the reaction, we have performed PCR using
different annealing temperature ranging from 50-
57°C. The PCR products were checked for 310 bp

product by 2% agarose gel electrophoresis.

Genotyping

The amplicon was digested with Tagl restriction
enzyme (Invitrogen USA) at 65°C overnight and
then separated by 8.5% polyacylamide gel electro-
phoresis. The 3 different genotypes of the poly-
morphic site were revealed as: A1A1(TT) geno-
type will be separated as a single undigested frag-

ment, for the heterozygous genotype (CT) will
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show 3 fragments of 130, 180 and 310 bp and the
A2A2 (CC) genotype will revealed as 2 fragments
of 130 and 180 bp.

RESULTS AND DISCUSSION

Optimal annealing temperature

The PCR was conducted with different annealing
temperatures according to the following protocol:
94°C 2 min, 94 °C 30 sec, annealing temperature
ranging from 50-57°Cfor 30 sec and 72 °C 1 min 30
sec. The optimal annealing temperature was
around 56°C as shown in Figure 1. The brightest
ban was found in lane 10 with the lowest signal of

background.

DNA quantitation
The PCRs were performed using extracted DNA
from 6 volunteers. The amplicons were quantitated
using UV spectrophotometry. 250 pl mixture con-
taining 10 pl of amplified DNA and 240 pl of ul-
trapure water (1:25 dilution) was filled in cuvette
and measured the absorption at 260 nm (A260).
Approximately 200 ng/ul of product was yielded
(Table 1 and Figure 2). The amplified DNA con-
centration was calculated using the formula:
DNA concentration (ng/ul)

= A260 x dilution factor x 50
*Absorbance at 260 nm

= 1.0 equals to 50 ng/ pl of DNA concentration

Genotyping

The A2 A2 (CC) genotype was used as the pilot
sample to test for completeness of restriction en-
zyme digestion. Approximately 1,600 ng of ampli-
con was digested in 4 different amount of Taql re-
striction enzyme (Invitrogen, USA). To the target
DNA 8, 4, 2 and 1 Unit of restriction enzyme and 1x
react 2 buffer were added to make a final volume of
30 ul. The reaction tubes were incubated at 65° C

overnight. Digested product was separated by

lael 2 3 4 3 B 7 8 9 W0 W 12
Temp®C o0l 503 507 &l3 520 528 537 546 534 560 9645 G568

Figure1

PCR products with different annealing
temperature

Table 1 Concentration of amplified DNA from 6
volunteers.

Sample Absorbance at  Concentration

260 nm (A260) (ng/pl)
S1 0.166A 207.5
S2 0.153A 191.25
S3 0.149A 186.25
S4 0.162A 202.5
S5 0.168A 210.0
S6 0.160A 200.0

Figure 2 The 310 bp amplicon from 6 volunteers
in 2% agarose gel electrophoresis

Marker 3 82 383 S48 Sb

8.5% polyacrylamide gel electrophoresis. It re-
vealed 2 bans of 130 and 180 bp compared to
We found the

minimal amount of Taql restriction enzyme that

310 bp of undigested product.

THE 2N° NATIONAL CONFERENCE IN ToxicoLoGYy 17-18 DECEMBER 2009



122

MsRTARINeNIne 2552

Figure 3 PCR-RFLP analysis of A2A2 genotype

Marker 80 40 20 (U  Undigested
"TERTATATETRTRT™

-

300bp — -

200 bp

180bp — & = = W=

-

130bp — s - - -

100 bp —=

could digest 1,600 ng of DNA completely was about
1 Unit as shown in Figure 3.

The study shows effectiveness of using buccal cell
samples to determine Taql A1 allele of DRD2 .
Since the way to collect buccal cell is simpler and
inexpensive. DNA from buccal cell yields enough
quantity suitable for PCR. Therefore, we encour-
age using buccal cells as a sample of choice in de-

tection of alcohol related gene.
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= v a &
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U a v & a a rd’ = U %
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naulunanlszanns 30 w1 waziiunnuasasl

UV transilluminator

NAN1S2Aakazanilsns
NANISASIARSNANANTUAQEID ELISA
N1TAIIALATIERAaE 19T InATIN

o 1 dﬁI ¥ o 1 < o 1
200 n22e13 ﬁﬂi@ﬂ’]ﬂﬁ?@ﬂLﬂUﬁ]Q@ﬂ’]\iLLUﬂ
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B0 12 - 172 ppb  iiawRaufiaufusmes
Ansthuitleuazainaniud 1 ludatnalneds
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v a & ay v & v
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dl v . %
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o aa o
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A d 2 e de :
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- . < Y Y
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1sznaunivaanslvd Iaan1n121Raa19ANN

dll o o 7 !
WanINIUFuanINz AN U AI471-

Wnduadwalud 1w 1:5 - 1:15 aInNeiN LAy

1
=
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ANHIANUANFANNGUUYH  annealing  Aus
50°1- 60°% AT AWLG1 18 PCR product ann
o aa rdl ai ¥
ngvinideNsnannzmang (gUN 2) wazldaanu
o -

NgaNgUNYH 58%1 ANAIAENTIRBANNTY 1:5

-1:15 D Er e la W LT PTG NG G L N T R EAYAY AL
o ala s A \
winnzanlunmangens Ae primers (forward
WAz reverse) 10 uM, template 1 ul, dNTP 4 ul,
10x pcr buffer 2.5 ul, Tag polymerase 0.5 ul Tu

UTNIRTIINAIUNA 25 ul.
=8 aal a dgj
NN9AN®I38N19U gz NUNaNTT UL auas-

1
o A

Namandulaaldimaiiandans iiwalinsiunen

53°C 55°C

50°C

58°C

51l#1 2 PCR products (800 bp) ldudansilsy

AN NIUNITAN NGO RFNGT
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Nitrite Levels in Fresh Fermented Pork Sausage, Grilled Fermented
Pork Sausage, Minced Pork Sausage, Chinese-Style Sausage and
Sour Pork-Rice Sausage in Markets of Chiang Mai

Patarawan N. and Chokethaworn N.

Department of Chemistry, Faculty of Science, Maejo University, Chiang Mai, 50290, Thailand

ABSTRACT

Nitrite is an important precursor in the formation of nitrosamines, it was commonly used as food additive
for several meat products. In this research, determinations of nitrite in 5 types of meat products namely
fresh fermented pork sausage, grilled fermented pork sausage, minced pork sausage, Chinese-style sau-
sage and sour pork-rice sausage, were analyzed for nitrite levels by using spectrophotometer. Results
demonstrated that the averages of nitrite in fresh fermented pork sausage, grilled fermented pork sau-
sage, minced pork sausage, Chinese-style sausage and sour pork-rice sausage were 82 (range from 14
to 173), 184 (range from 129 to 252), 66 (range from 29 to 101), 154 (range from 65 to 238), and 29
(range from 14 to 51) mg/kg, respectively. The maximum level of sodium nitrite limited by Thai Food
Regulations (Ministry of Public Health, Thailand) is 125 mg/kg of nitrite for meat products. In conclusion,
nitrite levels in grilled fermented pork sausage and some samples of Chinese-style sausage and fresh
fermented pork sausage were higher than maximum allowable concentration, while sour pork-rice sau-

sage and minced pork sausage were lower and safe.

Keywords: Nitrite, meat product
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Assessment on Sanitation of Traditional Coconut Sugar Production
in Samut Songkhram Province

Junchaiy Prakobsil, Wenika Benjapong* Narisara Moungsrichan and Weeraya Karnpanit

Institute of Nutrition, Mahidol University, Salaya, Nakhon Pathom 73170, Thailand

ABSTRACT

Coconut sugar is a product from the fresh coconut sap. The fresh coconut sap, tapping from the flower
stalks of coconut palm’s spadix is boiled to evaporate the water until liquid become very sticky. Most pro-
duction of coconut sugar is a traditional production which is small scale production, steps and methods
relying on the experience or indigenous knowledge. As modernized production, the important aspects of
the production process should be held to food safety standards. This study evaluated food safety issues
in 30 small scale coconut sugar productions in 3 districts of Samut Songkram province, Thailand. This
information would be useful for the control in ensuring food safety. The processes of coconut sugar pro-

duction were analyzed starting with preparation of coconut sap, chewing and product packaging.

The study found that some steps of coconut sugar production were not met food safety requirements in
at least four ways. First, the production facilities were found to be in direct proximity to residences or
animal pens. They lacked walls to protect against dust particles. Secondly, equipments used in produc-
tion were inappropriate, such as plastic containers that could not endure heat. Also equipment that
comes in contact with food was difficult to clean. Furthermore the mixer used in production was not de-
signed for food production. Maintenance, cleaning and storage of equipment and containers were not
sanitary. Clean equipment was stored together with equipment that had not been cleaned. In addition,
the coconut sugar production producers exhibited unsanitary behaviors. Most producers directly con-
tacted the heated coconut sugar with their unwashed hands. Finally, storage of the product prior to dis-
tribution was inadequate in some ways, such as lack of containment and placing product on the ground.
The inadequate sanitation need to be corrected for good food sanitation resulting in food safety in coco-

nut sugar products.

Keywords: Food Sanitation, coconut Sugar, Samut Songkram Province, Thailand
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Situation of Preservatives Used in Coconut Sap

Kangsadan Singsoong, Wenika Benjapong*, Narissara Moungsrichan and
Weeraya Karnpanit

Institute of Nutrition, Mahidol University, Salaya, Nakhon Pathom 73170, Thailand

ABSTRACT

Coconut sap is a raw material using for coconut sugar and sterilized coconut sap production. Tradition-
ally, Payom or Khiem wood chips which are added to the collecting cylinder for preservation of the sap
are antimicrobial properties. Production became modernized with the use of chemical preservatives to
prevent the coconut sap deterioration. Unsuitable use of chemical preservatives could cause the prob-
lem in consumer health. This study investigated the use of chemical preservatives in coconut sap. The
samples of coconut sap were collected from farmers in Samut Songkhram for analysis of types and
levels of preservatives used in the samples. Samples were analyzed for sulfites by using a test kit for
Sodium Hydrosulfite in Food (Bleaching agent) Products from the Department of Medical Sciences.
Levels of sulfur dioxide were determined using the Optimized Monier-Williams method. The type and
quantity of benzoic acid and sorbic acid were determined by Reverse Phase Liquid Chromatography.
Sulfur dioxide was found 39 samples of 100 samples at the level ranging from 11.01- 2,106.94 mg/kg.
The mean + SD of sulfur dioxide was 377.29 + 456.68 mg/kg. Benzoic acid was found in 10 samples
ranging from 31.37- 1,384.45 mg/kg. The mean * SD of benzoic acid was 286.608 + 415.68 mg/kg.
Two coconut sap samples were found both sulfur dioxide and benzoic acid. Therefore, the potential
misuse of these preservatives should be strictly controlled and suitably used in order to improve the
safety of products made from coconut sap. Otherwise the production might need to be controlled by

food sanitation and promote use of natural preservatives.
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Health Risk Assessment of Methomyl Exposure among Farmers
in Jasmine’s Agriculture

[ ]

Chaiklieng S', Suggaravetsiri P?, and Charerntanyarak L?

' Department of Environmental Health Science, Faculty of Public Health, Khon Kaen University
2 Department of Epidemiology, Faculty of Public Health, Khon Kaen University

ABSTRACT

Methomyl, a cholinesterase-inhibiting insecticide, is commonly used in a jasmine’s agricultural area, Sila
Sub-district, Khon Kaen Province, northeast of Thailand. This cross sectional study aimed to determine
the potential health risk to methomyl exposure among farmers working in a jasmine’s agriculture. Per-
sonal air samplings were conducted by using Universal Pump Model 224-PCXR8, SKC with filter/solid
sorbent tube (OVS-2 tube: 13-mm quartz fiber filter, XAD-2, 270 mg/140 mg). All samples were ana-
lyzed by using HPLC with UV detector. Exposure concentrations and hazard quotients (HQ) were esti-
mated for inhalation exposure risk.

This study found that the maximum concentration of methomyl in the breathing zone of workers (N=24)
was 1.119 mg/m® (range 0-1.119 mg/m®). Comparison to the standard regulatory on the ambient concen-
tration of methomyl, i.e. TLV-TWA of 2.5 mg/m® (ACGIH) or PEL-TWA of 2.5 mg/m® (NIOSH), the results
of this study did not exceed the regulation. The average inhalation exposure to methomyl was
0.018+0.037 mg/kg-d. The result of average HQ indicated no health risk (HQ=0.723+1.461). When each

farmer was considered, there were 6 farmers (25%) with high risk (HQ >1). Therefore, there should be
health surveillance program and occupational health services for jasmine’s agriculture farmers to work

and live safely.
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Antimutagenic Activity of Curcuma elata Extract against
4- Nitroquinoline 1- oxide and 2-Aminoanthracene Toxicity
Observed by Salmonella Mutation Assay

Puchadapirom P and Himakoun L’

Department of Pathobiology, Faculty of Science, Mahidol University, Bangkok.

ABSTRACT

The use of natural chemicals to suppress or reverse the carcinogenic processes is a promising approach
for the prevention of cancers. Most of the chemopreventive agents are derived from various kinds of
plant extracts. Both 4-Nitroquinoline 1-oxide (4-NQO) and 2-Aminoanthracene (2-AA) are mutagenic
agents and have been implicated in the etiology of human cancers and other diseases. In this study, the
hexane extract of Curcuma elata Roxb., a Thai medicinal plant known as Wan-chak-mot-luk, was investi-
gated for its antimutagenic activities against the direct acting mutagen, 4-NQO as well as the indirect
acting mutagen, 2-AA, by using the Salmonella mutation assay (Ames test). The results indicated that
the extract from C. elata itself does not display a mutagenic activity at the concentration of 5-500ug/
plate. The inhibitory effect of C. elata against 4-NQO mutagenic activity was shown in a dose dependent
manner with the concentration of 25-75 ug/plate. The highest inhibitory effects were 66.2% and 73.9%
observed in TA98 and TA 100, respectively. In addition, C. elata extract at the concentration of 1,000
pg/plate exhibited the highest inhibitory effect against 2-AA mutagenic activity with 40.9% and 49.9%
inhibitions in TA98 and TA 100, respectively. In conclusion, the hexane extract of C. elata did not dis-
play mutagenic activity in the Ames test but had antimutagenic activity against the carcinogenic com-
pounds 4-NQO and 2-AA. Our results demonstrated that C. elata Roxb. could potentially be used as a
novel cancer chemopreventive agent.
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Phyllanthus emblica (Ma-Kham-Pom) Increased the Proliferation of Mouse
Splenocytes While Suppressing Mouse Lymphoma Cell Growth

Huabprasert S'*, Wongkajornsilp A', Akarasereenont P'?, Panich U', Laohapand T?,
Kasetsinsombat K' and Kangsadalampai K’

' Department of Pharmacology, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand
2 Center of Applied Thai Traditional Medicine, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok.

ABSTRACT

Phyllanthus emblica Linn. (Ma-Kham-Pom) has been constituted as an herbal component of Thai tradi-
tional recipes proposed to slow down the aging process. A number of methodologies were employed to
investigate the anti-aging effects of P. emblica in a mice model. The infusion of P. emblica could directly
drive the proliferation of mice splenocytes in a dose-dependent manner. The P. emblica infusion was
cytotoxic to the YAC-1 (mouse lymphoma) cells in the studied dose, while sparing the human umbilical
endothelial cells. Mice ingesting P. emblica infusion for 14 days carried healthy splenocytes with higher
proliferative potential in a dose-dependent relationship. However, the isolated splenocytes from the in-
gesting group did not exhibit higher NK cell activity. We concluded that P. emblica infusion was relatively

safe and contained growth enhancing activity toward mice splenocytes

Keywords: Phyllanthus emblica, mouse splenocyte, lymphoma cell
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Association between P53 Codon 72 Gene Polymorphism and
Risk of Lung Cancer in Thailand

Danai Tiwawech"’, Adisak Sornprom?, Anant Karalak® and Takafumi Ishida*

' Research, Surgergy and *Pathology Divisions, National Cancer Institute, Bangkok 10400, Thailand,
* Unit of Human Biology and Genetics, Department of Biological Sciences, School of Science,
University of Tokyo, Tokyo, Japan

ABSTRACT

Lung cancer (LUC) is a malignancy killer causing uncountable losses worldwide annually including Thai-
land. Clinically, the early stage of LUC has no specific warning signs, resulting in late diagnosis when
cancer is incurable. Screening for early stage of patients with LUC in high-risk population for intensive
counseling and immediately efficient treatment has been suggested to be the best way to prevent this
undesirable cancer. Therefore, a mass screening for early stages of LUC patients without cancer-related
symptomsis urgent. P53 codon 72 gene (P53cd72), producing P53 protein for inducing cancer cell
arrest and apoptosis, has been reported to be polymorphic and associated with increased risk of several
cancers. This study aimed to investigate the association between P53cd72 polymorphism and the risk of
LUC in Thai population. The frequency of P53cd72 genotypes [Arginine/Arginine (Arg/Arg), Arginine/
Proline (Arg/Pro) and Proline/Proline (Pro/Pro)] was detected in DNA extracted from white blood cells of
60 patients with LUC and 148 healthy controls using thereal time-polymerase chain reaction (R-PCR)
assay.

The results of P53cd72genotypes detectionin the LUC group showed that 4 (6.67%), 40 (66.67%), and
16 (26.67%) of the patients had Arg/Arg, Arg/Pro and Pro/Pro, respectively whereas in the healthy con-
trol group, 50(33.78%), 28 (18.92%),and 70 (47.30%) of subjects had Arg/Arg, Arg/Pro and Pro/Pro, re-
spectively. Overall, the frequency of P53cd72genotypes between LUC and healthy control groups was
significantly different (p<0.001). Individuals with Pro/Pro had an increased risk at 7.14-fold for LUC de-
velopment as compared with those with Arg/Arg (Odds ratio = 7.14, 95% confidence interval = 2.17-
23.46). In addition, the associations between Pro/Pro genotype and the increased risk of LUC in ciga-
rette smokers and alcohol drinkers were observed. The findings of this study showed that P53cd72 poly-
morphismwas associated with LUC and the Pro/Pro genotype was an important factor that could in-
crease the risk for LUC development. Therefore, we suggested that the P53cd72 polymorphism detec-
tion could be very useful in screening for high-risk group that may lead to identification of early stages of

LUC in Thai population.

Keywords: Lung cancer, risk factor, P53 codon 72 gene, polymorphism, Thailand.
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Cadmium Levels in Blood and Tissues and the Correlation between
Blood Cadmium and Plasma Testosterone in Beef Cattle from
a Polluted Area in Thailand

Trakranrungsie N*, Yatmark P and Nakthong C.

Faculty of Veterinary Science, Mahidol University-Salaya, Nakhonpathom 73170, Thailand

ABSTRACT

Since the incidence of cadmium- (Cd) polluted environment has been declared in the area of Mae Sot
district, Tak province, Thailand, investigation on Cd-contaminated agricultural products and human
health has been conducted. This study aimed to investigate the levels of Cd in blood, liver and kidney of
beef cattle at different age and the possible adverse health impact on the animals. The results revealed
that beef cattle reared in this polluted area accumulated high Cd levels in kidney and liver, in which the
significant positive correlations between tissue Cd levels and age were detected. With regard to food
safety standard, 62% of the 99 studied cattle had renal Cd at levels exceeding the safety limit (1 mg/kg)
and 43% concomitantly had hepatic Cd higher than the permitted level (0.5 mg/kg). It was also sug-
gested that environmental Cd exposure could disrupt testosterone homeostasis as demonstrated by the
correlation analysis between blood Cd levels and testosterone levels in each age group. These findings
indicated that Cd levels in food-producing grazing animals would help reflect the levels of environmental
contamination and be valuable in risk estimation of Cd carry-over on human via food chain. The results
implied that testicular function was sensitive to Cd and data obtained from the animals could be regarded

as a bio-indicator for risk of reproductive dysfunction in humans

Keywords: Cadmium, testosterone, beef cattle, Thailand
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Detection of Urinary Kidney Injury Molecule-1 in a Chronic Cadmium
Exposed Population, Mae Sot District, Tak Province

Amnart Panyamoon', Kowit Nambunmee?, Muneko Nishijo?,

Witaya Swaddiwudhipong® and Werawan Rungyutthikarn'*

' Division of Toxicology, Department of Forensic Medicine, Faculty of Medicine, Chiang Mai University, Thailand.

2 Doctor of Philosophy Program in Biomedical Sciences, Faculty of Associated Medical Sciences, Chiang Mai University
3 Department of Public Health, Faculty of Medicine, Kanazawa Medical University, Ishikawa, Japan.

4 Department of Social Medicine, Mae Sot General Hospital, Tak Province, Thailand.

ABSTRACT

Cadmium (Cd) has been found as an environmental pollutant in Mae Sot district, Tak province. Contami-
nated Cd in water and rice causes high risk of renal dysfunction among the inhabitants. In order to in-
vestigate the effect of Cd induced renal dysfunction, a kidney injury molecule-1 (KIM-1), a recently dis-
covered biomarker for an early detection of renal tubular dysfunction, was measured using an enzyme
linked immunosorbent assay (ELISA). Polyclonal goat anti-KIM-1, horseradish peroxidase labeled strep-
tavidin and its specific substrate were used in the in-house ELISA technique. The method was validated
and used to quantitate KIM-1 in the urine of 700 Mae Sot inhabitants in comparison to two conventional
renal biomarkers; N-acetyl-B-D-glucosaminidase (NAG) and B,-microglobulin (B2-MG). The results
showed that KIM-1 standard concentrations provided good linearity (r=0.998) with limit of detection and
quantitation at the concentrations of 33.20 pg/ml and 110.68 pg/ml, respectively. The coefficient varia-
tion (CV) for inter-day and intra-day precisions for 3 levels of KIM-1 (200, 800 and 3,000 pg/ml) were at
0.8, 1.2, and 2.1% CV and 0.7, 2.4, and 6.7% CV, respectively. The accuracy of the assay was found
with 89-101% recovery. The average + SD of the KIM-1 concentrations in urine samples of 700 Mae Sot
inhabitants were at 1,347+1,290 pg/gCr, ranged between 61-15,330 pg/gCr. Using Spearman’s rho
analysis, a strong positive correlation between KIM-1 and Cd concentrations (r=0.234, P<0.001) was
found. The Cd was also correlated well with the NAG (r=0.263, P<0.001) and B,-MG (r=0.179, P<0.001).
Prevalence of high excretion of renal biomarkers was shown in dose response relationship to Cd concen-
trations. This finding demonstrated that KIM-1 was a sensitive biomarker for detection of renal dysfunc-

tion in population with high Cd exposure.
Keywords: Kidney Injury Molecule-1, ELISA, cadmium, Mae sot, Thailand
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Protective Role of Gamma Oryzanol in Rice Bran Oil on
Sodium Arsenite-Induced Rat Testis Toxicity

[ ]

Naovarat Tarasub', Siriporn Soponsupatthaporn?,

and Watcharaporn Devakul Na Ayutthaya’

! Anatomy Unit, Department of Medical Sciences, Faculty of Science, Rangsit University, Thailand.
2 Biomedical Science Program, Faculty of Science, Rangsit University, Thailand.
3 Pharmacology and Toxicology Unit, Department of Medical Sciences, Faculty of Science, Rangsit University, Thailand.

ABSTRACT

Arsenic (As) compounds are environmental toxins and cause oxidative stress. The gamma oryzanol,
antioxidant compound, in rice bran oil (RBO) may prevent the oxidative stress resulted from sodium
arsenite. The aim of study was to investigate the potential protective effects of gamma oryzanol in RBO
in attenuating the rat testis toxicity induced by oral exposure of sodium arsenite. Male Wistar rats were
subdivided into six groups for 8 animals each. The first group was used as control. While, groups 2-6
were orally treated with sodium arsenite (As 30 mg/kg BW), Suriny RBO (gamma oryzanol 1.7 mg/kg
BW), vitamin E (125 mg/kg BW), Suriny RBO (gamma oryzanol 1.7 mg/kg BW) plus As (30 mg/kg BW)
and vitamin E (125 mg/kg BW) plus As (30 mg/kg BW), respectively. All groups were treated by gavage
once daily for 8 days except in As-treated groups; it treated only once on the last day of treatment. After
24 h of the last treatment, the malondialdehyde (MDA), reduced glutathione (GSH) and histological
changes of testis were evaluated. The results showed that the reduced GSH level was decreased in As

treated group and decreased significantly in RBO and vitamin E pretreated groups (p< 0.05) as com-

pared to the control group. Moreover, the MDA level was increased in As treated group. Pretreatment
with RBO and vitamin E could not inhibit the increase of MDA level from As treatment. Histological
evaluation also revealed no significant changes in all groups of treatment. In conclusion, the gamma

oryzanol in RBO at the studied dosage could not prevent the damages induced by As in rat testis.

Keywords: Gamma oryzanol, rice bran oil, vitamin E, malondialdehyde, glutathione, sodium arsenite,
testis
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Effect of Aqueous Extract from Cleistocalyx nervosum on
Oxidative Status in Rat Liver

Taya S, Punvittayagul C, Chewonarin T, and Wongpoomchai R.

Department of Biochemistry, Faculty of Medicine, Chiang Mai University

ABSTRACT

Cleistocalyx nervosum var. paniala, Ma-kiang, is a local plant in northern region of Thailand presenting
high antioxidant activity in vitro. Our previous study found that 5 g/kg bw of C. nervosum aqueous extract
had no acute toxic effect on rat. The present study was designed to determine effect of aqueous extract
of C. nervosum on oxidative status in rat liver. Male Wistar rats were divided into 3 groups. Rats in group
1 were received water as a vehicle control, while group 2 and 3 were received 100 and 500 mg/kg bw of
aqueous extract via intragastrium 5 times a week for 4 weeks. At the indicated time, the effect of C. ner-
vosum on oxidative stress and antioxidant system were evaluated. Aqueous extract of C. nervosum did
not affect on the level of total glutathione, glutathione peroxidase and catalase activities. Low dose of C.
nervosum (100 mg/kg bw) significantly increased malondialdehyde formation but high dose (500 mg/kg
bw) did not. However, 500 mg/kg bw of C. nervosum extract significantly enhanced heme oxygenase-1
activity. Although the aqueous extract of C. nervosum at low dose exhibited the pro-oxidant effect but at
high dose, it reduced oxidative stress in rat liver. In conclusion, the aqueous extract of C. nervosum
might show biphasic effect on oxidative status of rat liver.

Keywords: Antioxidant, Cleistocalyx nervosum, liver, Ma-kiang and oxidative stress
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Anti-Oxidative Stress Activities of Silibinin on a-Amanitin In Vitro
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ABSTRACT

Alpha amanitin (a-amanitin) is the mainly toxic substance in Amanita mushrooms in Thailand. Toxicity of
a-amanitin is directly on the liver organ leading to body systemic failure. Silibinin is an antioxidant and
only one medication that can help reduce the toxicity of a-amanitin, but its mechanism of action is still
unclear. The antioxidant activities of silibinin in scavenging free radicals, i.e. superoxide radical, hydroxyl
radical, and H,O, as well as the direct trapping between silibinin and a-amanitin were evaluated in vitro.
The scavenging free radicals of silibinin in this study were demonstrated in XO-HX, Ribose- and H,O,-
ABT/HRP systems by comparing to the standard antioxidants; gallic acid, N-acetylcysteine (NAC), and
quercetin. Anti-toxicity was studied in human blood from a-amanitin oxidation, then the whole blood glu-
tathione (GSH) and plasma malondialdehyde (MDA) levels were detected with DTNB and TBARs . The
results showed that silibinin scavenged superoxide radicals lower than quercetin but higher than gallic
acid and NAC. It scavenged hydroxyl radicals better than quercetin, NAC and gallic acid, respectively.
However, the scavenging activity on H,O, of silibinin was lowest among the compared antioxidants. In-
terestingly, silibinin protected the GSH and inhibited MDA production in blood from a-amanitin oxidation
in a dose response manner. The study revealed that silibinin had scavenging activity directly on free
radicals, especially superoxide, hydroxyl radicals, and H,O,. It also protected the GSH and inhibited

MDA production in human blood from a-amanitin oxidation.
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Effect of Pinocembrin on Promotion Stage in Diethylnitrosamine-
Induced Rat Hepatocarcinogenesis
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ABSTRACT

Pinocembrin (5, 7-dihydroxyflavanone) is one of flavanone found in rhizome of Boesenbergia pandurata.
Our previous study demonstrated that pinocembrin had no toxicity and mutagenicity in male rat. To
evaluate the effect of pinocembrin on promotion stage in diethylnitrosamine-induced rat hepatocarcino-
genesis, using the medium-term carcinogenicity test, male Wistar rats were divided into 7 experimental
groups. At week 3 and 4 of an experiment, groups 1 to 5 were given a double intraperitoneal (i.p.) injec-
tion of diethylnitrosamine (DEN) to initiate hepatocarcinogenesis, while groups 6 and 7 were i.p. adminis-
tered a normal saline solution. Before 2 week of injection, groups 2 and 3 were orally received pinocem-
brin at 2 and 10 mg/kg bw, respectively. Group 4 and 5 were fed with pinocembrin at 2 and 10 mg/kg bw,
respectively, after injections for 1 week. Group 1 and 6 were treated with 5% tween-80 as a vehicle con-
trol, while group 7 was fed with pinocembrin at 10 mg/kg. All animals were 2/3 partial hepatectomized at
week 6 and were sacrificed at weeks 15. The livers were immunohistochemically examined for glu-
tathione-s-transferase placentral form (GST-P) expression, a preneoplastic lesion of rat hepatocellular
carcinoma, as the end point marker. These results showed that pinocembrin did not present carcino-
genicity in rat. Furthermore, the number of GST-P positive foci slightly decreased in rat treated with 10
mg/kg bw of pinocembrin after DEN injection. It could be concluded that pinocembrin lacked carcino-

genicity in rat liver and did not present anticarcinogenicity in DEN-induced rat hepatocarcinogenesis.

Key words: Boesenbergia pandurata, 5, 7-dihydroxyflavanone, medium-term carcinogenicity test,

pinocembrin, GST-P positive foci
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Effects of Bran Extracts from Thai Molecular Breeding Rices on
Growth and Apoptosis in Human Promyelocytic Leukemia Cells
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ABSTRACT

Rice bran, the outer layer of brown rice, contains biologically active compounds which mediate chemo-
preventive properties. Thus, in the present study, we evaluated the anti-carcinogenic effects of bran
extracts from non-pigmented (Sinlek) and pigmented (Riceberry) rices on human promyelocytic leukemia
cell line (HL-60 cells). The results showed that the treatment with rice bran extracts for 24 and 72 hours
reduced cell viability in a dose- and time-dependent manner. Riceberry rice bran extract showed higher
cytotoxic activity, corresponding with the lower ICso compared to Sinlek variety. The low concentrations
of both rice bran extracts which did not affect cell viability were able to inhibit DNA synthesis, whereas
the higher selected concentrations that reduced viable cells could induced apoptosis. The apoptotic
events were confirmed by chromatin condensation and nuclear fragmentation in cells after AO/EB
nuclear staining as well as dose- and time- dependent increase of caspase activity. The findings sug-
gested that bran extracts of new Thai rice varieties exhibited growth inhibitory effects on the human leu-
kemia cells through cytostatic and cytotoxic mechanism. The results also indicated that killing leukemia

cells by rice bran extracts partially involved activation of caspases and induction of apoptosis
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H,0;-Induced Oxidative Damage in Human Intestinal Caco-2 Cells
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ABSTRACT

Oxidative stress is considered to play a prominent role in the causation of chronic diseases. At present,
Rice Science Center, Thailand used plant biotechnology technique to develop new rice strains with in-
creasing nutritive values. Some rice varieties such as Sinlek brown rice and Riceberry pigmented rice
showed high levels of antioxidant contents and activities, especially in bran portion. Therefore, the aim of
this study was to determine the effects of these bran extracts on H,O.-induced oxidative stress in Caco-2
cells. Human intestinal Caco-2 cells were co-incubated with the bran extracts and H,O, for 3 h. Cyto-
toxic effects of both bran extracts were also evaluated and cell viability measured by MTT assay. Cell
growth was inhibited in dose- and time-dependent manner by both bran extracts. The doses at which
non-toxic and approximate to ICso were used to determined effects of the rice bran extracts on H,0; in-
duced oxidative stress. Non-toxic concentrations of both bran extracts protected cells against H,O,-
induced oxidative stress as antioxidant property. On the other hand, high concentrations enhanced oxi-
dative stress mediated reduction of cell viability. This may result from the pro-oxidant activity that express
at high concentrations of the extracts. Sinlek bran extract exhibited antioxidant and pro-oxidant activity
higher than Riceberry bran. In addition, the high concentrations of both bran extracts inhibited cell
growth in dose and time-dependent manner. Further studies are needed to clarify the potential activities

and properties of these bran extract before using as supplement in food or medicine.

Keywords: Oxidative stress, cytoprotective, H,O5, rice bran, antioxidant, pro-oxidant.
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Butylated Hydroxytoluene in Edible Vegetable Oils from Local
Markets of Chiang Mai and Mae Hong Son and Its Thermal Stability
in Different Cooking Conditions
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2 School of Medical Science, Naresuan University, Phayao, Thailand

ABSTRACT

Butylated hydroxytoluene (BHT) was widely used to protect oxidation and rancidity of food products con-
taining fats and oils since it had high antioxidant activity. In this study, samples of edible vegetable oils
from 25 local markets in Chiang Mai province and Mae Hong Son province were determined for BHT
contents by gas chromatography-mass spectrometry (GC-MS). Results demonstrated that three palm oil
samples from the local markets contained BHT in the range of 6.8-86.1 ug/g. The extracts of edible
vegetable oil samples had 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity in the range
of 7.5 to 75.8% which had gallic acid equivalent and BHT equivalent concentrations in the ranges of 6.5
to 65.9 mg/g and 17.2 t0173.0 mg/g, respectively. Three different home-cooking conditions were tested
for thermal stability of BHT in the samples of palm oil. It was found that cooking temperatures at 98-100
°C by boiling or stir-frying for 1-15 min lost BHT 24-31% in the oil, while deep frying at 200+10 °C for 5-
15 min showed 46-62% loss of BHT.

Keywords: Butylated hydroxytoluene, edible vegetable oil, antioxidant activity
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Chromosome Aberration Analysis in the Medical Personnel
Who Regularly Exposed to Formaldehyde Vapor

Vongphachanh K', Mevatee U?, Puaninta C? Pangjaidee N?, Kanchai }',
and Ruangyuttikarn W'

' Division of Toxicology, Department of Forensic Medicine, Faculty of Medicine, Chiang Mai University, Thailand
2 Department of Anatomy, Faculty of Medicine, Chiang Mai University, Thailand

ABSTRACT

Inevitable long term exposure to embalming solution or formaldehyde vapor of the medical personnel at
the Department of Anatomy, Chiang Mai University has been highly concerned whether it could cause
genotoxicity. Therefore, chromosome aberration assay was performed using peripheral blood lympho-
cytes of the 20 staffs from the Department of Anatomy compared to the lymphocytes of 15 staffs from the
Department of Family Medicine who did not expose to formaldehyde vapor. All of them work for 8 hours
a day, 5 days a week for the range of 1-37 years. Before venipuncture blood was withdrawn, they were
interviewed for demographic, health and nutrition information including their alcohol drinking and smoking
habits. Isolated lymphocytes were cultured in RPMI 1640 medium and fetal bovine serum with phyto-
hemagglutinin for 48 hours at 37°C before staining with Giemsa solution. A hundred chromosomal meta-
phases from each blood samples were examined under light microscope and recorded in a specific re-
port form before data analysis. The results show that the exposed group has higher frequency of chro-
matid and chromosome aberrations than those of the control group significantly (p<0.05). The exposed
group manifested an increase in the chromatid gap, chromatid break and chromatid exchange, whereas
chromosome gap, acentric and dicentric fragments were frequent chromosome-type aberrations. Only
the chromatid break was found in the control group subjects. This finding indicated the importance of a

periodic medical checkup of the medical personnel who regularly exposed to formaldehyde vapor.
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Establishment of a Cadmium Induced Renal Tubular Damaged Rats
Model for Investigating the Effect of Thunbergia laurifolia Lindl.
Leaves Extract on Cadmium Renal Toxicity

Morkmek N', Lertprasertsuke N?, and Ruangyuttikarn W'

' Division of Toxicology, Department of Forensic Medicine, Faculty of Medicine, Chiang Mai University, Thailand
? Department of Pathology, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand

ABSTRACT

Thunbergia laurifolia Lindl. or Rang Jert is a Thai medicinal herb used as an antidote for several poison-
ous agents. A rats’ model of cadmium induced renal tubular damage was established for testifying the
effect of Rang Jert leaves extract on cadmium renal toxicity. Male Wistar rats were treated orally once a
day for seven days with cadmium chloride solution at the concentrations of 22 (low) and 44 (high) mg/kg
BW which are one-fourth and a half doses of the reported LD50, respectively. Rats’ urine was collected
by the metabolic cages on every other day for cadmium quantification using flame atomic absorption
spectrophotometer. Creatinine levels was also measured based on the Jaffe reaction. On the last day of
cadmium administration, rats were sacrificed and the kidney was dissected for histopathological exami-
nation. The results showed an increasing of cadmium concentrations in the urine of both rats-treated
cadmium groups (290.83 and 518.06 ug Cd/g creatinine in low and high cadmium exposure groups, re-
spectively) compared with a non-treated group (33.14 ug Cd/g creatinine). The kidney of rats-treated low
level of cadmium showed slightly degenerative tubular cells and casts in the lumen whereas rats treated
with high concentrations of cadmium showed slightly tubular cells necrosis with pyknotic nucleus. In or-
der to observe more prominent of renal tubular damage, cadmium concentration and/or cadmium expo-
sure time will be increased before prophylactic and antagonistic effects experiments with Rang Jert
leaves extract. The results from Rang Jert study will be used to increase renal clearance of cadmium for

those with high cadmium exposure.
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Comparative In Vitro Cytotoxicity of Silver Nanoparticles
in Different Assays and Cell Types

Kulthong K. and Maniratanachote R.

National Nanotechnology Center, National Science and Technology Development Agency, Thailand

ABSTRACT

Silver nanoparticles have been used in numerous commercial products including clothes, personal care
products and wound dressings to protect from bacteria. Meanwhile there is increasing concern in that
exposure to these nanoparticles may cause a potential adverse effect to human. Several investigations
in cultured cells demonstrated different results. There is no standard method to determine cytotoxicity of
these nanoparticles so far. The most frequently used method is MTT assay since this technique has
been recommended by ISO standard method. In this study, the MTT assay was compared with others
such as MTS and crystal violet assays to determine cytotoxicity of silver nanoparticles in L929 cells. In
addition, cytotoxicity of silver nanoparticles by using MTT assay in different cell types such as A549 and
A431 cells were also determined. Silver nanoparticles were suspended in the solution media by using a
non-toxic concentration of Tween-80. Each assay was performed in the same conditions. The results
showed that among these three assays, MTS was the most sensitive assay followed by MTT and crystal
violet. Using MTT assay, there was small variation in cytotoxicity of silver nanoparticles among L929,
A549 and A431 cells. Therefore, to address cytotoxic effects of these nanoparticles, several assays in
certain cell types were necessary.

Keywords: Silver nanoparticles, cytotoxicity, MTT assay
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DNA Extraction from Buccal Cells for Determination of Nucleotide
Polymorphism at rs 1800497 Position in Dopamine D2 Receptor Gene

Pitsinee Inthi', Manit Srisuraphanont? Surinporn Likhitsatien?, Lertlakana Bhoopat®,
and Tanin Bhoopat'*

' Department of Forensic Medicine, Faculty of Medicine, Chiang Mai University
2 Department of Psychiatry, Faculty of Medicine, Chiang Mai University
3 Department of Pathology Faculty of Medicine, Chiang Mai University

ABSTRACT

Substance use disorder is influenced by complex genetic and environmental factors. Many studies found
that genetics may play an important role in the development of alcohol dependence. Twin and family
history studies revealed that genetics affect a heritability of alcoholism approximately 50-60%. The neu-
rotransmitter in brain especially dopamine may associate with rewarding system that might increase risk
in alcohol dependence. The dopamine D2 receptor gene (DRD?2) allelic status may influence on devel-
opment of alcohol dependence due to the change in number of receptor. This study aimed to demon-
strate that buccal cells could be used as an alternative source of DNA for PCR-RFLP based method to
determine the allelic status of DRD2. The DNA samples were extracted from buccal cells using pro-
teinase K and 5% chelex solution, then amplified by PCR method with some modification of the primer
sequence. The optimization for annealing temperature was performed. Our PCR system using an an-
nealing temperature at 56 °C yielded the most specific amplified DNA of approximately 200 ng/ul. The
PCR product was digested with Taqgl restriction enzyme at 65 °C overnight. The digested product was

separated in 8.5% polyacrylamide gel electrophoresis for genotyping.

Keywords: Alcohol dependence, PCR-RFLP, DRD2, buccal cells.
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Development of Spectrophotometric Assay for D-Penicillamine
Using Solid Phase-Mediated Ninhydrin Reaction

Saehuan C' and Rojanarata T?

' Department of Medical Technology, Faculty of Allied Health Sciences, Naresuan University, Phitsanulok,.
2 Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Silpakorn University, Nakhon Pathom.

ABSTRACT

A spectrophotometric assay has been developed for measuring D-penicillamine used for the treatment of
metal-poisoning and rheumatoid arthritis in capsule formulation. The method based on the initial binding
of D-penicillamine via disulfide bond onto the Thiopropyl Sepharose 6B resin and the subsequent ninhy-
drin reaction with amine group of drug. This reaction produced a purple color in the supernatant which
was measured at 570 nm. It was found that binding step of drug onto the resin greatly enhanced the
method sensitivity so that the D-penicillamine of less than 100 ug/ml could be assayed by this method
whereas a direct ninhydrin reaction with D-penicillamine solution failed to quantitate the drug at such low
concentrations. For the assay of drug in the range of 25 - 125 ug/ml, the optimal drug-resin binding was
achieved by shaking 1 ml drug solution with 20 mg resin at pH 7 for 30 min. After supernatant was re-
moved, 200 pl of 1% w/v ninhydrin was added to the resin to form the color with the aid of 5-min heating
and the obtained color supernatant was kept on ice to stabilize the color prior to spectrophotometry.
After optimization, the calibration curve showed a satisfactory second-order polynomial relationship with
r? of 0.9893. In addition, this assay was not interfered by penicillamine disulfide, which is a major impu-
rity frequently found with the drug. Hence, this method was of great practical value for further validation
and possibly used as an alternative assay for D-penicillamine and other aminothiol compounds in phar-
maceutical laboratory.

Keywords: Spectrophotometric assay, D-penicillamine, solid phase, ninhydrin reaction
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Development of a Guideline for Alcohol Analysis in Forensic Speci-
mens by Gas Chromatography- Headspace in Thailand
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ABSTRACT

The first goal of The Forensic Toxicology Network of Thailand (FTNT) is to develop an internationally
acceptable standard of practice. The aim of this study was to develop the national guideline for alcohol
analysis in forensic specimens by GC-HS in Thailand. A questionnaire was firstly drafted and sent to 17
toxicology laboratories prior to modification of the original guideline or SOP of alcohol analysis of the Re-
gional Medical Sciences Center, Chon Buri, Thailand. Information from international toxicology laborato-
ries was reviewed and compared to the data obtained from Thai laboratories. In March 2009, all data
were presented and discussed between attending FTNT members and TIAFT’s executive committee in
order to reach an unanimous conclusion. This is the first guideline of FTNT. Details of the guideline were

written in Thai and distributed to all members of FTNT.
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