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THAI JOURNAL OF TOXICOLOGY

INSTRUCTIONS TO AUTHORS

Thai Journal of Toxicology is a peer-reviewed journal that will be publishes articles reporting
interdisciplinary concerning toxicological fields, at all levels of resolution, from basic to clinical,
molecular to epidemiological, and opinions that are of general interest to the board community of
toxicologists and biological scientists. We invite contributions of original unpublished research, review,
and general article in the area of toxicology. Three copies of manuscript (2 without
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 together with hard copy of manuscript. Submission can

be made via e-mail with attached file.

Correspondence and Mailing Information:

Dr. Piengchai Kupradinun

Editor, Thai Journal of Toxicology

National Cancer Institute

268/1 Rama VI Road, Bangkok 10400, Thailand Tel: 02 202 6888 ext. 1422
Email: pkupradi@yahoo.com Fax: 02 202 6888 ext. 1414

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 including
introduction, materials and methods, results, summary/discussion, acknowledgement and
references. For case report, the format should include introduction, case presentation,
investigations, diagnosis, treatment, summary/discussion, and references.

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.
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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 abbreviated according to thkisz of
Journals Indexed in Index Medicus. Telescope page numbers, e.g. 125-9, 181-95.

Examples of Reference Style:
Journal article

Cromwell L, Lindemann MD, Randolph JH, et al. Soybean meal from roundup ready or
conventional soybeans in diets for growing-finishing swine. J Anim Sci 2002; 80: 708-15.
Brake DG, Evenson DP. A generational study of glyphosate-tolerant soybeans on mouse fetal,
postnatal, pubertal and adult testicular development. Food Chem Toxicol 2004;42: 29-36.

Book

Olson KR. Poisoning & drug overdose.5th ed. New York: McGraw-Hill, 2006: 52-8. Joint
FAO/IAEA/WHO. High-dose irradiation: wholesomeness of food irradiated with doses
above 10 kGy. WHO Technical Report Series 890. Geneva: WHO, 1999.

Chapter in the book

Bradley C. Measuring quality of life in diabetes. In: Marshall SM, Home PD, Rizza RA, eds.
The Diabetes Annual 10. Amsterdam: Elsevier Science, 1996: 207-24.

Conference proceedings

Harley NH. Comparing radon daughter dosimetric and risk models. In: Gammage RB, Kaye
SV, eds. Indoor air and human health. Proceedings of the 7th Life Sciences Symposium;
1984 Oct 29-31; Knoxville (TN). Chelsea (MI): Lewis; 1985, 69-78.

Website

Morse SS. Factors in the emergence of infectious diseases. Emerg Infect Dis 1995;1: 7-15.
Available at http://www.cdc.gov/ncidod/ EID/eid.htm, accessed Jun 5,1996.

FAO/WHO. Evaluation of allergenicity of genetically modified foods. Report of a Joint
FAO/WHO Expert Consultation on Allergenicity of Foods Derived from Biotechnology,
2001. Available at http://www.who.int/foodsafety/publications/biotech/en/ec_jan2001.pdf,

accessed Aug 10, 2005.

Articles accepted will also be published online at www.thaitox.org
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Message from Thai Environmental Mutagen Society

Dear Colleagues

It is my very great pleasure to welcome you to the 6™ National
Conference on Toxicology (NCT 6), which is held on September 10 - 11,
2015 in Bangkok, Thailand.

Every year, this conference will provide you with the advanced
knowledge and important research in toxicology. As usual, it is highly
hopeful that you all can bring back the knowledge from this conference to
apply in your research or work dealing with toxicology. Additionally, it is
also highly hopeful that this conference can support you in acquainting with
more participants, meeting with old friends or colleagues, and discussing
with the relating researchers for work cooperation.

For the success of NCT 6, it is likely to go to you because of your
kind support. If any inconvenience that this conference has brought to you, I
on behalf of Thai Environmental Mutagen Society (TEMS), a co-organizer of
this conference, would like to sincerely apologize.

Thank you very much indeed and I wish you to have the pleasant time

during attending this conference.
WI/ &

Malyn Chulasiri BSPharm, PhD
President, Thai Environmental Mutagen Society
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New Development on Risk Assessment Activities in Thailand

Songsak Srianujata*
Institute of Nutrition, Mahidol University
National Food Committee, Bangkok, Thailand

Abstract

The food safety is one of the main concerns in Thailand and in the ASEAN region
among those effects related to food and environmental safety. For Thailand, the government
issued the National Food Committee Act in 2007 to coordinate the management of food
activities including food security, food quality and safety, and food education. The strategic
committee on food quality and safety is established to manage the food quality and safety issues
according to the strategic framework of food management approved by the cabinet in 2010.
Therefore, the strategic framework of food quality and safety is one of the major issues that the
strategic committee on food quality and safety must conduct as planned. Under this committee,
10 sub-committees are formed and one of the important sub-committees is the sub-committee on
risk assessment for food safety. This sub-committee proposed to establish an organization to
coordinate and perform risk assessment called Thailand Risk Assessment Center (TRAC). This
center operated jointly between National Food Committee and Mahidol Unversity, on the
principle that its independency, transparency and autonomy are assured to avoid conflict of
interest among the center and the food safety management authorities or ministries. The sub-
committee proposed the organizational structure of the center. It is in the process of producing
the guidelines for risk assessment composed of general guideline, guideline on chemical risk
assessment (including food additives, contaminants, pesticide residues, veterinary drug residues
and food contact materials), microbial risk assessment, and safety assessment of genetically
modified food derived from recombinant DNA. The framework of the national risk assessment
is drafted.

By establishing the TRAC, it is expected that his centre will participate actively with the
activities of ASEAN Risk Assessment Centre which is also in the process of establishing under

the agreement of ASEAN Expert Group on Food Safety.

Keywords: Food safety, Risk Assessment, Thailand Risk Assessment Center, TRAC

*Corresponding author
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Institute of Nutrition, Mahidol University and National Food Committee, Bangkok, Thailand
E-mail: songsak.sri@mahidol.ac.th
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Development of the ASEAN Risk Assessment Center for Food Safety (ARAC)
Dr. Chin Cheow Keat

Food Safety and Quality Division, Ministry of Health, Malaysia

Abstract

The establishment of the ASEAN Risk Assessment Centre for Food Safety (ARAC)
located in Malaysia is one of the most important milestones of the ASEAN Expert Group on
Food Safety (AEGFS) in the application of an integrated risk assessment mechanism by
pooling and utilizing scientific expertise across ASEAN to provide independent scientific
opinion in facilitating the development of evidence-based common food safety measures in
ASEAN. As the coordinating centre on risk assessment in the region, ARAC will serve all
relevant ASEAN sectoral bodies such as AEGFS, Prepared Foodstuff Product Working
Group (PFPWG) and ASEAN Sectoral Working Group on Crops (ASWGC). ARAC will
leverage and pool ASEAN expertise to assess food safety issues of common interest to the
region and promote the harmonization or formulation of common food safety measures. Such
integrated efforts will also enhance ASEAN solidarity in having one voice or common
position on food safety issues. This will not only contribute towards safe and quality food in
the ASEAN Community but also in facilitating food trade within ASEAN, as ASEAN moves
towards the objective of establishing an ASEAN Economic Community by 2015 with a
single market that includes food trade. This paper will outline the development, objective,

functions and operational procedures of ARAC.

Keywords:

*Corresponding author

Dr. Chin Cheow Keat

Food Safety and Quality Division, Ministry of Health, Malaysia
Email: chin@moh.gov.my
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Food Safety in ASEAN
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Import and Export Inspection and Certification Systems (CAC/GL 26 MOD)
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Environmental, Genetic and Social Risk Factors for High Morbidity and Mortality of
Esophageal Cancer in China

William W. Au’
Shantou University Medical College, Shantou, China
University of Texas Medical Branch, Galveston, Texas, USA

Abstract

Esophageal cancer is the eighth most common cancer by incidence worldwide. Although
the cancer is located at a readily recognizable and accessible site in the body, it is the sixth
most common cause of cancer death. The 1- and 5-year survival rates of esophageal
squamous cell carcinoma (ESCC) in China are 50% and 15%, respectively. Therefore, a lot of
investigations have been focused onto causation, morbidity and mortality of ESCC,
especially in China. It is clear that some common factors such as exposure to environmental
mutagens and genetic predisposition are involved. However, unique factors that are specific
to the southern part of China, e.g. the drinking of very hot tea and binge drinking of alcohol,
are involved. Consequently, these complex risk factors (environmental, genetic and cultural)
contribute to the multistage development of cancer: localized injury, inflammation,
mitogenesis, mutagenesis, carcinogenesis and eventually mortality. The high mortality was
caused by unnecessary delay in seeking medical care which is culturally related. Examples of
risk factors for the delay are lack of knowledge regarding cancer symptoms, fear of going to
hospital. Identification of causal risk factors allows one to develop quantitative risk
assessment information. Details of the information and data will be presented. Such
knowledge and data provide valuable opportunity for prevention and treatment of this highly

curable cancer.
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Toxicological Effects of Silver Nanoparticles in Hematological System Using Human
Primary Erythroid Cells as a More Sensitive in vitro Model

an d1* = v d

a X a a a a av Jd a (%] a
Af5S 8033823nd", 5130 JauuE’, s Fszda’, 08 Tum satain’, 53335 uAISAuTvA'

Q

1 o = ] a o W o a 4 = 1 a IS
gua TumaTuTagunana dninnuianIinamaasuazma Tulagurana Unusiil
2 AN INGYRANAIU ARZUWNNOMAAT A TI¥NETIE VHIINedouTiag

a 4 d @ ISan a [ a
3ﬂ1ﬂ3%1f}1ﬂ§£’3"ﬁﬁ1ﬁ@3 ﬂuﬂ‘mﬁﬁ%tﬁﬂ AUTUNNIATATATIIFNIIUID WH1INYIAYUYIAD
U 1
UNANED

v
TuiipfuinisldurTumaluladedsunivarslugaavnisuaieg Nannnansus

o o a 4 9 o a .. . .
a5a5eu 1 Ulasiall manTesd1919 Lagn19nITUNNG 0191%U antimicrobial agents, transfection

=

I Y a 14 2 A a9 j’ A
vector L1a% fluorescent labels L“JJ‘L!G]‘H T%mwwwmﬂ%anaimiu muﬂmﬁummuwai}a%wwﬂ

Yo v v W Y ' a Y] a
T’amﬁslumi]lmuﬁuNﬁﬂuaumﬂuﬂuﬁwawmﬁ llﬂ!l,ﬂ TSUUAINUN 53“1]1/]’]\1!;@1&1’7’]81% IoUY

¥ @ 1

a a a 1 < Aa a I [ Yo
NNAUDTINT LS f!'g‘U‘]JIaWG]'J‘VIEﬂ 'E]EJ’Nhlﬁﬂ@]’lllfiz‘]J‘]Jiﬁ’VW]'J‘V]81Lﬂu53ﬂﬂﬂﬁﬂ1Uﬂ151@5UﬁﬂJWﬁﬁ
v (% o ' ¥ Yo o @ 1 a @ 4
E]Hﬂ’lﬂu'liuﬂ'luﬂ’]ﬁﬁllﬂﬁi]’]ﬂ‘ﬂ’NG]'Nc] 5’33J1/Nfliﬁ]ﬂ'lﬁllﬂﬁllﬁllNaiﬂﬂ@ﬁﬁﬂ’luﬂ’lﬁﬂﬁ@ﬂmm

Y J Y1 av ] a
Iﬂﬂ!ﬂ‘W'lgﬂ'lu‘ﬂ'Nﬂ'liuW‘ﬂﬂ LHJ'J']‘]J']\T\TI‘L!'H]Eﬁ]gﬁﬂ'ﬁﬁﬂ‘]&nﬁ\‘lNﬁ‘ll'ﬂ\“lﬂlélﬂ'lﬂU'lIu@'ﬂiz‘]J‘]Jﬂ'NTaWﬁ

a ==
N UANGITN
AUNUNUITOR

=< Ao o A o~ @ A 2 A 9 A
15AnEINIAANBINIUAUTZUUDUS U Intliteddledyninigesesssulunis
Aa A v SR A 9 9 4 < I
1wy Ie ludainaaeaasuyvd 390N 15 Tuea in viro lasldsaauzizuily

' <3 4 [ dyd o ~ 1 4 A X o Y
Tuanagou 0819 lsnauaaariliguanbuz Muana1vnsadlna ¥9e19sldwanis
[ 1 4 a
ADUAUDINNC UANANINTadn@
Y
Ao ] I Aa a ]

Tuadvet 1dyaduldTuea primary erythroid cells (JuTumanagouduiisingino

aymau u TagnfSeufiounanieduiisIne1521 119 Tuea primary erythroid cells 1oz Tuiaa
a 14 I @
immortalized cells (K562 tag HL60) uazldoymaganesui Tuiudunuveseymaulu Tuaa
Y Y
primary erythroid cells JU91HITBUNILIABIINAOATIU buffy coat AI8IT Fibach’s method 1L
. . I =] A = 1% <A a o 9
liquid culture 11 Usz8ZIA1 20 TUFUTUTZ oL NUAAIDINUANH UL VOUTAADAUAI HAMTITDAAI TN
< J a a 1 a 4 v
MU Tea primary erythroid cells a1l lumsinaiuaeoyninganeiurTuninniluma
% yo; [ a o a 4 { o
immortalized cells 91NAIFIAN DY NIVFINTOAVDITAE, MIHanhnsamelugduuy
o ' a 4 { ° a A . .
apoptosis 1tz dINUNOYMATANeS U1 Tumilonth 1HINANTINNYDA reactive oxygen species 11 Tuiaa
9
A o I

primary erythroid cells uonn SR 11 1d 1un13 19 Taaa primary erythroid cells Ay
9 I =< Aa o 1 a 14 ~ o Y a .
A1 hemocompatibility FIHANITIVINUIRYMATAIDT U TUMUE1I1HIAA hemolysis 11 Tuiaa

. . = Y 9 ~ o q ¥a A o
primary erythrOId cells Iﬂﬂ"llllﬂﬂﬂ’ﬂhl"lmelluﬁTi‘V]ﬂﬁ@‘U uazmumuﬂmﬂﬂﬂmﬂaﬂuuﬂawmwm

4 4 o Y I a
ad UoNINU LA primary erythroid cells d3aunsawauuiuluaanagoumwizniglsalatia

THE 6" NATIONAL CONFERENCE IN TOXICOLOGY 10-11 SEPTEMBER 2015



MsasEInelny 2558 ; 30(2) 33

v Y
e Taomwiz lsasaasiield s lumsinausilag lanandawanuisouazmari s Towl

. . Y . 1 A A
v04 13199 human primary erythroid cells N119A1U nanotoxicology 197 zuU TatinIng

o o a A a 4
maAgy: 11 Tuma TuTag WyIMe 9YNATANBI U 11 Primary erythroid cell

* Y A

HSUAAYRUUNA M
~ X ema a <
A3. ARTT 199382IN8
o =) ] a o @ o a o = 1 a a 14
guéu Tuma TuTaduand, dninauianninemaasuazma uladurena, 111 gneiInenaaidszme lne
puunvialeu duanaoanile sunenasInals Unusil 12120

E-mail: sasitorn@nanotec.or.th

THE 6" NATIONAL CONFERENCE IN TOXICOLOGY 10-11 SEPTEMBER 2015



Thai J Toxicology 2015 : 30(2) Plenary symposium 3 /34

a d' A
mﬂaz"lmmum‘nm?

wenwndyFe §5zngol

a J

MBI UGUINAN AU A 3 drinasianazilsziiuma duinnuldansensdeasisagy

anuiluan
A 1 o = 3 -4 a o [ 2 J o w 3 1
Iﬂﬁﬂﬂ']ﬁlﬁN@QLL?W@QﬂWGBWG]ﬁﬂ@MLWﬁﬂ“B I@ﬂ‘llﬁ‘]el‘ﬂ AT IWOIALLT 910A  (WNIVBU) ADgY
v [ v Aan 4 a A o o A A a o a o A
ITUINWNIANIAT INTITYITU LLZ‘]%W‘}Jﬂﬂﬁﬂ Lill!.‘]J@ﬂ']Luuﬂ'lﬁLll’E]‘]J W.f. 2544 Tﬂﬂmmumﬁmmmm
PN [ @ 1 <
puuwioudla 19 Cyanide Tumsuenus aeunldsumsdesSounansenuaetsemvuluilsziau
[ o A [ o w
ﬂigﬂ'lﬁN"] LUAZNITAUUUNIT L‘]Juﬁ"lﬂ‘ﬂ ﬁ'ﬂ

[ 1

~ fd oy A ey
1 2551 liSeedouSouninszriwu vatoTos lUNTIUTI¥NITUDITY 1FU NTENTI
o A a Y 3 v 2 A
NINYINTTITUNALALAWIAAO NTENTNYATIMNTIY NTENTNAFTIITUGY (T uAU uszeza 1599
1 I [ [T | g’ a 4 ] I 1 1
fouFouiiod 3 Anuilunan Ae 1desns du 1hgl Tnaus Taa rwguam Wuawdudiulvg)
Yo I Yo Y
msunflaruumsuniyrimwizni:
=S an =) %
1) 2553-2555 asgunntszansu TagTsanenuianaas tag Tsane1u1aumIIneIagusals

A9

b 9
‘Wif]l]ﬂu"ll@llﬁclﬂﬂi%“lﬂ“]ﬂ!i1ﬂl}lﬂﬂﬁ

U

&%

a o 31 3’ a a 4 o A J
1l 2553-Tagifu asanthseTequaiwinlsziwazihaan Tasgudeudon 8 uasalssa

Q
Y

T YA A
wiouAudoyaldnun
=S o v v v an QJ o v ‘i‘ d’
1 2556 dninnuasisaguianianang Iai lasamsauoneanuilsziunnudes e
Y v
asguANszmry 01115 Wazdanadow uads i lasumseyiaaulszina
= o 9 = ] = a X A o a 9
1) 2557 upuihilszmrudoauSouniu a. sgil d1n3n 89 aay. GuauTuMIIATIIgUAIN
2 ~ v Aa a v v Aa a d a a Jd
Uszanau uazdunadon Tag Huin3snnsan vIIMeIdesadn oz QUUQUNInge nsawd 1s
o 4 a Jd a a Jd @ d
WTUN 12 YNIIAY 2558 AUHYI UNNINA WITNG T5augiiumn daveunansnsIndean lary
Y
@ [ o w ] a [ a a I
rinveaszmruseumiewsnead e 732 918 wulaneviingununiailnd 402 51 Aaiu
< ~ o A 1 A A 1 <
Sovay 54.92 Juilumqldlimsduiiunmsnnnutenuinneadeudt lgquailymedrailugisssy
2
WINTY
sziaudingy
WaNT5A3IVOINHIIN B SIaANAZ AN INSANE soUg U
1. wamsayrndoan lavigniin asvilaanzmmany $1u0u 732 519
L A ' 4 a
1.1 wamsasv lven ludluden 653 510 wansraog lunumnilng
1.2 dasnyluilaeizinuunasgiu 105 51e

= = = a
1.3 JJLLJJ\‘iﬂ'IlJfTGluLﬁE]ﬂLﬂu3J'IG]§§'I‘L! 187 319

THE 6" NATIONAL CONFERENCE IN TOXICOLOGY 10-11 SEPTEMBER 2015



MsasEInelny 2558 ; 30(2) 35

v
1.4 TIEsHyuaziemdainy 37 51
asrannuAanaveslulnstundoalunquiinensin laneniin wududuaInggIu 329
1 =S =) =) =) =S
578 WU 116 TelianuRalnavesluTasiundea
WAN1IAIIVAUIARDULAZDINIT
=) (% ] dy d' A A 1 S =
3.1 MIATIVAY 56 A20013 TUN UMM TP IAZTOVIHUDI NUNTATTHIYAUNIATTIU 47
#20619 (3.9 ppm)
A v o [ ] q'/ A [ a 9 1 =}
3.2 Wy /An 19U 80 410019 W Az lunsnndd Tudlsuiaiiosndn 10 ppm wuLwan It
a o ] H a r'd ] ]
(AU 100 ppm WY 39 A19819 NULAALNINNULANN 0.3 ppm IUNY 15 AI9819 WU
o A 9 1 v 9 9
lason lua luislszinnlfion wunznnan dnts nahihnane
g} <3 ] (] g’ Ya @ [l 3’ a a o 1 091 ya
3.3 111 1Nua2081911 140U 10 @10819 1IHIAY 18 @19819 HAN1TATIINVIN IAAUNLLA
v v Y '
AIUIAULIATTIU 4 A0 AZAANUNIATTIU 4 3208719 THHIAY WA N AAUNIATTIY

9 A10019 @13 laneniinou inunumasgu

ﬂ"lﬁﬂ°1!ﬁuﬂuﬂl@&ﬂﬁ%ﬂi)&ﬁ1ﬁ]ﬁmqm

' AA v ' vy A4 A
ﬂia‘f‘l/ﬁ?\‘lﬁ"lﬁ"ﬁm@"?]l!ﬁ&‘fﬂ7«!36’1\77”7]!ﬂ8?7]9\77{!ﬂﬁ"3”7@@\77’\/”‘”

1.

o Aa [l 1 3 1A o
Antiumsasguamilsganay Tagmianguilssmyusomiiy nguians largringauasz il
p1m3tle nguiians Tangwiin luguazlionnsiie nquilans laneviingauas lilionns
1o nquiians Tangmin ligaas lifionsihouainnuniadesnsasisduiunmsasim
7y A =~ o s
qu Taounnddirermaan 15ausounnmdnazan 15 3Me1110v0InTUMSUNNG 19121009
@ [ 3 o & A 1
a32911as larigniin aseilaanig uazdus muanuiulu 910710399 307 318 WUN
A a ' a < [ o AA
1.1 asenudniasnynumdneds 5au 20 519 (Govaz 6.5) 1Hud5unmsnsie umnia
AIHYAUBYIAL 7 518 1M ITMETHYnY 6 310 tagsiwlng 7 910
9 N a1y a ] 3 Yo oA
1.2 A5RNUEN UM aANA91994 593 38310 (Feeay 12.37) 1WURTUNIAIID 9181010
= 1 =\ a T Aa 1 d‘ T =\ a )
Hawamibamnuegiay 7 519 s ludiswsmbanu 4 510 wazsielne 27 510
AUuMIATAWIATONUDZOIHIT WU
Y Y
2.1 dawlngdszmruldhihduussyvin Gesaz 70) msilgsens lihussyuan Sevaz 45
Y Y v 9
191i11l521) $ouaz 40 uazih 14145z Fovaz 9smsasraminisdudlon wu
Y 9
pemila fuwasgiulumieuazihilszasan 9 uis $ewvaz 9.45) veegansia
9
NIMUA 95 UNY
dy o 3 o ] A a a
22 msasmasduileulansniinlueims iNudedemsnisginsuionys Inauay
Y v
Ugnluituh 591 206 A19819 ATI9147 85 HI0819 WU LaMild 0g1ur79 0.29-293 wn ./

nn. eIny oglura < 0.027-1.79 un/NN. azuAalen < 0.013 uN./NA.

THE 6" NATIONAL CONFERENCE IN TOXICOLOGY 10-11 SEPTEMBER 2015



Thai J Toxicology 2015 : 30(2) 36

Usziautlymusaszyvumuguan
A ] 1 a o '
1. dszmnswdeon msnuihovesawnaandis lanzviinlusiame
@ ] ' { 4 . an o 1 a @ lc?/l o
2. daliidheselanunndfiFernylinsitedonieannie langmindunansvesaede
1 1 ] 1 < {a o 4 o aa o
Tuanese wu gile ALS file Parkinson tazilongis sinamiis Fadesiinisainniiane

o1/

a9 v o d =} ] @ o A
3. \‘l]’lﬂJﬂJGUE]ﬁ?]J ﬂ:]'lllﬁll‘wuﬁsll@\‘iﬂ'lﬁllﬁ'lﬁiaﬁ3ﬁuﬂqqﬁluﬂ§$"ﬁ']"ﬁu AU NITNUTUDINDY

hai

€

* Yo

ASURATULNAMN
7 o A J
WeunNdyyFe Tazmayanl
a J ~ o o a o o o
AmIIUGUTHNAN Lagu i 3 drinasianazlssduma dninnuldansensem s ugy

E-mail: boonchai@theerakarn.com

THE 6" NATIONAL CONFERENCE IN TOXICOLOGY 10-11 SEPTEMBER 2015



MsasEInelny 2558 ; 30(2) Plenary symposium 3 / 37

a d' A
mﬂaz"lmmum‘nm?

591 1lsls”

dninlsnvnnsdsznevernuazdauaden nsuAugu 1sa N5ENTINATI5 UG

IWIAaY

]
[ @

A o e 3 | dy A o o 7 =
milloanosdigiudh dsegluiiufidiuaminaie sunedsazys Saniame Juszansulu
di’ d' ) [ A 19 Y a' a ) a a 1 3 1= a) a
WUN$ I 3,351 A 780 HasAuGou 910 6 nyiiu laisudad uiiumsnaausaual 2549 uazilananis
1 1 Y 1 1
312101l 2556 ilosnanuaeigdulnunagmsoyana ldiunth 13 wamsithse Tadanadon 110
v 1 v Y
VAN 009 15U dNTNNUFWIARONMA 9 NTUAMLANLATY NTUNTNINTIILIATE WU
=\ [} A =\ a 1 g} d‘ 9y a 21 =\ =\ a 1
1) i Tanzwiin As uaadounuamasg i luihaan lsuaainlszih 2) Sasvyguazussmilanua
oy a A a o g’ <] a ' 091 Aa a a ° g; a {
asguimauInad i oman uazwsmianusmesguhAauusnad i eyn 3) aul
A ) d‘ Y 9J = tﬂy a 1 v 3’ 1 = Ay
miearinnoun IMenihulimsudleumsnynuanmnasgiu 4) dadiwwuvesuuiimsiludlouaisvy
AUANIATTIU
Y
Tudruvesmsithsgdeaguawiu dninnumssuguimiame Taduiiumaithseds
a =1 4 @ A 1 9 [ dy
gquawiFegn Tae 1uil 25512553 asram laen lua uag Tanzminludoaves)szanau 6 vythu asi 1)
P S a v A A A
as2am lwsen lua 279 au wi'loon luainua1nasgu 8 au Sevaz 2.87 2) asram lee luanunides
A o =3 = o " 9 1 [} Y = o 1 I
(souriioq) $1mau 20 au ulSsuioununyihuniugy (eglndmiios) 1w 30 au Taoutadlu 2

nqu Ao NAUGUYH3 HU Ngu TUgUYHT HAMIATINDIN 1) NGUITBIATINLIRUAIIATEIY S au (Fog

El ]

1< 9 A 1 d a 1 9 I 9
az 25.0) udguyninnau 2) nquaiugy asrany leen lug Muswnasgu 10 au (Fevaz 33.33) Hud

4 7 4 q A L 44 2o
quns 9 AY 3) a329m lwen lua Usen uazaznalueavelszanaunuingss 725 au nfSsuisuny
' ' J 1 { a 1 '
Uszmrunguaiugu 110 au wu (1) laeonlud nquides imuawasgiu 124 au Sevaz 17.10 nqu
ATAUWLIAUANNATIIY 14 A Fovaz 12.73 (2) 5o nqudsanua1nTgIu 50 AU 3080z 6.60 NG
v v v
AAu 110 au TiRuINAITIL 3) Agnd liNuAnnas g IuMengudsaEznguAIAL
v k4 v
HansznUNNATURDgUMNURITZIFURIITAIL MINVaNEIIAaINMT oo 1A e
wansznuMNIHY laonansasdes umednnuasryluilaanznuaunasgiu o wn./das)lae
4 { 1 1 4 @ [ o Aaan A
UWNIRTEINY WU NGUFBINTUMIATIVT ML 208 318 WUATDIMINRAATNUDY IsAN Y
A 1 <3 4y [ . . o {
viyndaunadon Taenuguud sndhiior i (arsenical keratosis) $1191 21 510 (Fovaz 10.09) Tuvme
AQUAIUANIISUMIATIIT MBI 43 510 waz ldwudiiensnadinues lsaNEa1THY 9N
A Y [ S A oA Y
daradon Taewusuud snriord i
ya d’
UHUNIQUAgUMNURILsEr U IZIEEY

~ Yy aa a A Y YA S A oA
i]'lfﬁﬂﬁﬁ’ﬁ]W‘U@ilE]'Iﬂ'lﬁ‘]/’l'lﬂﬂauﬂ"'ll@ﬂiﬁﬂw‘Hﬁ'ﬁ‘ﬁu‘iil']ﬂﬁ'ﬂl.nﬂa'EHJT@IEJWUEJ‘JJGJ‘JJ!L“INT]I’/hlli’:]

] ° 5 c?/l v 3 a o a
I?h!fl’g'l}"l )arsenical keratosis) 914U 21 518 “i\‘iﬂﬁg‘lﬂﬂfl«!‘ﬂ\‘l 21 518§I@ﬂ1ﬁﬂﬁﬂﬁﬁﬂmgﬁﬂwﬁﬁuﬂ BUA Bowen’s

THE 6" NATIONAL CONFERENCE IN TOXICOLOGY 10-11 SEPTEMBER 2015



Thai J Toxicology 2015 : 30(2) 38

v
LY [

discase  3zvzIAIn0 13nszanm 10251 Adenasuensuydigs umeedeaeiies Auiudninau
v Y
msaguImIame S muauuamelumsquagunmaesdiinnzides el
d%‘ = Y dy 9 o va o Y a ~ ' [ o
D Yunzion Wnmsquariesdu $nlszda drsrvanmmnedensnanegolds uaziiain
ATIVT NN NADY
Y A L g A w0 oA @ o
2) asnilaamzmeienisznnvosasny FuumsasnouuIINQUTed N UmIHY

gsumendaeniio

Y [ v
o a A o v A A

Y
3) Aumgesnumssududaasrvmiasnyluihdy i ld duusnaninede Wan
Sullsgmudia i Nlgnusnaninendensullsemutlszs v

v (Y] v Aaa d a
IUNDATNIITIA NIAT INYIY I !!ﬁz‘W‘Hﬂﬂﬁﬂ

v
4 Y I3

A Y A 2 A o aa Ty Ao
mitloanesons1 luils Gudemiowmuatl Jania 7 3 vyt Tu 14 Bdwauilszang 2544
oeusnusoumiomesdnlszinaulawuau Tudl HnnhuiessoulllUnTgua 2557 inliaamiu
Aaan 4 o a < o [} 2 a =\
HaMeenasas @ uiumanuaredanedinmasnmlsnamsrguazuusmile ludszasu 732
10 55HINABUFINIAN-NOATMEY 2557 agnud Bensryuaziuanianum 191999 402 510
dy ci a d? 1 v a A A = [ ' d'
Yz iHanszNUNNAY LR RFAIUMINMIUsZnoUAIMIIHNeNe ITuedwnzH ez 00N
a a A A [ = % ) Q' Y A (%] [} 1 (%
Rannmssziamilouiieannds liimsdai leuiladdmiosivguauueniusd wday
A g @ @ Y ' Y o @
odlumsithsz3s esnuuazud lawansgnuaegunm nsznsaansisagy imsmafhszis
£ ~ ' o A 4 = Yo A 14
uazgguagumwiszsu Falull 2558 521a1TUN)20 NUATLS tag 2-12 Huawldduiumsithseda (
Y 1
sazgaswgumwilsznasuluiuing Jeda $1uou 502 au Tagwamsasauamibaluden uagansny
=} [ [ dy
Tuemiler 1luasil
Y
~ a Jd J o 1A @
namsasumsmilaludon TaensuanendasnsUnng NerMua 273 519 WUNUTZAY
wamilaluden d1ndn4 lulasnsuseans Jugl) 31114 918 seavusembalu@en 5-15 lulasnsuse
ans $1wau 197 510 tazszautmiialudon 1nnn 15 lulasnsuneans S 72 510
A
wan1snsansry luilaaie Taensuatuaulsn Manua 273 519 WuNNsEAUMIHY i
Vererazdini 40 lulasnsuroniun3oAtY Jugg creatinine) $119U 235510 Hszavuasny luilaag
531319 40-100lwTasnsudeniuaTeAtiy 119 33 910 waziiszaumsny luilaanzunndi 100
lulnsnsuaeniunsoatiu 1w 5 510
o [ Q' 9 1 1 1 2) = ~ a a 1
msdrsdhszTadanadounazraglgems wunluinlszihvssmiianwnuan
Y 4 4
wasguhws Ina dauluvaelgening ldwo Tangminguasvyuazuuesmiamnuanasgiu nai
asgnsnassagulddseaumitsnuinoadeuned udumsud luszuulszlhdaunsodiia

s N 9 A @ v o =
!Lll\‘lﬂ?ﬂﬁﬁl‘ﬁhlﬂll"l@]ﬁj]ulfw@ﬂ@ﬂﬂuﬂ?ﬁﬁﬂﬂﬁlmﬂﬂ?‘l‘lﬁ

THE 6" NATIONAL CONFERENCE IN TOXICOLOGY 10-11 SEPTEMBER 2015



MsasEInelny 2558 ; 30(2) 39

] v
MIAUTUMIAIUIU TAINTENTWAHITUGY 15U aAsangt1uInns madhse e
@ @ a o o J
ﬂﬂ\‘lﬂu ﬂ')‘l]ﬂllliiﬂLlﬁgﬂﬁlqsllﬂWWfl]"lﬂﬂﬁﬂﬁ%ﬂ@‘ﬂﬂﬁ]ﬂ?ﬁlﬂﬁﬂﬁ“ﬂﬂﬂﬂT Hag ANSNINIU éﬁi!ﬂ"l'ilﬁ"n’]ﬁl
@ A Yo a = o d‘ [ @
ﬂlmiﬂH']ﬂigcmclfu‘ﬂf]'ﬁ]'lﬂi‘]JNaﬂﬁ3‘1/]‘1Ji]']ﬂﬂ151J§$ﬂf]’iJﬂﬁ]ﬂ']iLﬂiJ@ﬁ“l/l't‘]\‘lﬂ"l LW@Lﬁﬁ%'N ﬂ'ﬁ')\iﬂu L
¥ v = Yo a A o
Llﬁgllﬂll"ll“ﬂiyﬂWQ'lu’quﬂ']WsU’ENﬂﬁgslf']%uV]f)ﬁ]llﬂﬁJWﬁﬂﬁ$“I/l’Uﬁ]']ﬂﬂ"liﬂﬁ%ﬂ@ﬂﬂﬁ]ﬂTilﬂNf)ﬁﬂ@ﬁﬂW 1u
dy A o ! dy A o o 1 o a Y A v o
‘wuﬂﬁﬂﬂmwuﬂuwuw 3 WHIATDUND Tﬂﬂﬂmgﬂ']\ﬂu'ﬂﬂfﬂi hlﬂ’]J53%NWWE@LEﬁ%ﬁ]ﬂWHLH’JW?QﬂTi
aa o o @ 4 <3| o A @
IUIRNY INH L%Tﬁg’NLm%@llmQ’ellﬂTW‘]J§$Glﬂ‘lﬂl5@1]H’Tﬁ@\‘lLﬁf’)!.‘].]‘HLL‘L!'J'V]Niuﬂ'Iﬁ@TLuuﬂWﬁ AUATNBN
v Y
Aaaagithsg Tagunwilsganasun ld5unansgny aasfiuvuonsounsa )Family Care Teams) 11
Y v
Ii\‘]WEJT]ﬂﬁﬁ\‘lLﬁﬁqu"Uﬂ"IW (5N (.?fﬁ.ﬁ]ﬂ@]\‘lﬂ'd‘Llﬂf’ﬂ%’JL’J"BﬂﬁﬁJLLﬂgL’J"]fﬂiiﬂﬁﬂllﬁﬂ%@M1UT§QWﬂ1U1ﬁ
v v
1 a o .. v @ J a
TAUFATUTUNINATUA (N(ee. )Env-Occ Clinic) %@mngEJaw%ammssmmzn%mmﬁam@é’aﬂu
o 0911 o A A
TSQWEJ"I‘]J"IE’IGIZWD'M (.3N%) )Env-Occ Center) %ﬂ@Nf;’jfuEJL%EJ’JGNQJU?JT%’JL’JGHﬂiiﬂllﬁglﬁ%ﬂﬁimﬁ\‘lll’mgﬂlﬂu

Tsaworunagud) (sun) Tsanerwnaina 11/ sweEnv-Oce Unit)

* Yo

ASURATULNAMN
as.un. 51 nlsuils
dninlsnnimsisznevednuazdunadon nsuniuau1sn NTzNTINEBITNTY

E-mail: prempree@hotmail.com

THE 6" NATIONAL CONFERENCE IN TOXICOLOGY 10-11 SEPTEMBER 2015



Thai J Toxicology 2015 : 30(2) Special Lecture 40

Nﬂﬁ‘ﬂ%]ﬂ!ﬁﬁﬂﬁﬂﬂﬂ: Hiﬂﬂ1ﬂ!lﬁ$ﬂ1‘i%ﬂﬂ]i Wﬁﬂﬁ%ﬂﬂﬁi@@ﬂlﬂ'l‘ﬂﬂ‘i%‘m‘ﬂu

[

Qd Y Ad*
UN. aNANAO YUTIIAN

DANTTUUATIIOINIINTZNI NANTITUGY

'R
= A Ao 9

v
%@Hﬁﬂﬁ‘ﬁiﬂ’)ﬂﬂ?ﬂ\iﬂ@ﬂ’ﬂ ‘]Ji%lmﬂ“l‘i/lﬂllﬁu‘ﬂﬂ Nﬂﬂﬂﬂ”lWﬁTﬁ%/‘]JﬂTiﬁ"IWiﬁﬂQ“Vli’NﬁT
& 4 A Ao a ' o o A o A ' Y a
Gl‘Ll‘Viﬁ”lfJ‘WH‘l/] u@ﬂmu@mﬂmmmumiagiuﬂ%@uu ﬂi%‘]_liluﬂ”li‘Vl"I!‘ViiJ’fN‘V]ﬂ\flﬂ"liJIﬂﬂ1ﬁﬂi’)1°ﬂLﬂﬂ

a Q' 9 [ 1 491 d‘ Y A qﬂj Z 1 a a
vansluduedou LL@%’EJ”H]E‘NNEW]ﬂq%ﬂWWﬂizﬂﬂ%uquHﬂiﬂﬂmEJ\‘I Tuvanetiuaauan1ssdanu

o Y 1 ' o 9 = J g =
NMIYBYVUIANDUUUVIFNTSUIUNTHINLINDIAN L!agﬂ']isl‘]fﬁ']'ilﬂu Iﬂﬂ!ﬂwwgllcﬁﬂ']”luﬂlﬂuﬁﬂlﬁlﬂn

[

dalunisuen nosRioonanis Iﬂﬂﬁﬁqﬂlﬁﬁﬂﬂﬂﬂﬂﬁ”ﬁﬂgfﬂﬂﬁﬂﬁ{]Jﬂigﬂ‘ﬂ Lﬁﬂﬁ@ﬂﬁuﬂﬁﬂi%ﬂﬁ

9

Y

4 9 v v
naedunadeutazguanveslsemyu saunsdamszuudhsg 3 M lvavesasaies fNe1vee

[

b4 v Y
Yuilouasliludunadey sauiinmisastnguamauianlumioauiusz vz uanisidhsy i

o & a Y & 4 o A o " Y o A o
fﬁlﬂ”ﬂ/‘l i’m‘mﬂﬁﬂmﬂauiumumaauumwummﬁ‘mmum ﬂﬂhlnllﬂllﬂ1§ﬂ1ﬂuﬂ HIDNIINITNI

[

I [ a o I o Jy 9 K [ A 1 A
DYNWPALIU LATVIII ﬂﬁ?ﬁllﬂuﬂﬂluﬁ”liﬁuﬂﬂ GRGEREGI ﬁi’)ﬂﬂﬂﬂli’)\iﬂi%ﬂﬂﬂfu‘ﬂﬂgﬂ"lﬁﬂiﬂﬂL‘VilI’EN

09// v A d‘ A =S A 1 Q' 9 A EIP=] a
FINMIANVSTVHAFD DN NBINoINIl Ao IsquadaIndon vonies Tunaiednmiuu ina
<3 o [ a v 1 o I A A
Uszaummedwmsuszuuusmsguam lugoumssiaananuinuie ildgnssisuuTenie 14
o = = o A 99 A Ay yo
sruuassaguimuaunumimnzay Tlaudamstaszou e lddszansulunun1dsuns
a A o [ 1 ' A = ]
qua nalinnuiulaluanuasans 119z ilinansznuaeguain nsemniidlymguan Aawnso
Yo Y o A dad 24 = o & A ¥ o
lasumsquameduguammimnzauiuaudeaniimudy Favuedennusuilu Nazdesiinua
9 v 1]
UNUIMANUSURAFOD Loz WAIIANEAINUBIHHI8UTNMT (NIdudunadouuazguain) e ld
aunsotmihnludegn uaziFesvedrwmngan uamsiaszuutazulouediog luszozisudu
Y 1 1 [ nszl 4! 9 d‘ 1 =1
ADINIUMITDTIINUFUIINAUNT MaensuLazlszyy Famnansadsisssuunllsdla i
1 ' o 9 o o S =S Y @ [~ {
dyui minlserruianuiule luanulesans soutlumsitlaTenmaldinswanndwilun

[ Yo 1 A dy A [~ [ [ A A 9 9
gouIUy hl@i‘]Jﬂ'ﬂiJi’)iJiJf] mﬂﬂizmwuiuwu‘w ’sz]lmﬂuaumwmqmmw NIDFAIULINADNINNIN

luszezen

* Yo

A3UArRUUNAIMN
4 4

U, AUANA YUNTAL

@

DANTTUUATIIITINIINTENI AT 1T UG

E-mail: nhflchun@gmail.com

THE 6" NATIONAL CONFERENCE IN TOXICOLOGY 10-11 SEPTEMBER 2015



NC?Z

‘v O THAILAND

The 6™ National Conference
in Toxicology

Symposium 1: Update in toxicology

THE 6" NATIONAL CONFERENCE IN TOXICOLOGY 10-11 SEPTEMBER 2015



Thai J Toxicology 2015 : 30(2) Symposium 1 /42

Selective Cytotoxicity of Beta-phenylethylisothiocyanate (PEITC) Against Oral Cancer
in vitro and in vivo: Implication for Tertiary Chemoprevention

Dunyaporn Trachoothaml*, Aroonwan Lam-ubolz, Alison Fitzgerald3, Arnat Ritdej4,

Buakhao Hongsachum4, Jeffrey N Myers3, Peng Huang’

'Institute of Nutrition, Mahidol University

? Faculty of Dentistry, Srinakharinwirot University

3Department of Head and Neck Surgery, The University of Texas MD Anderson Cancer Center, Texas, USA
*Dental Innovation Foundation Under Royal Patronage, His Majesty The King’s Dental Service Unit
’Department of Translational Molecular Pathology, The University of Texas MD Anderson Cancer Center,
Texas, USA

Abstract

Oral cancer survivors suffer from therapies’ side effects, resistance and disease
recurrence, affecting their life’s qualities. Therefore, development of tertiary
chemoprevention is crucial. Our previous studies demonstrated that [-phenyl
ethylisothiocyanate (PEITC) a metabolite of cruciferous vegetable, exhibited in vitro and in
vivo selective anti-cancer effects against various cancers and effectively removed drug-
resistant cancer cells. The selectivity and drug resistance-overcoming ability of PEITC are
ideal for tertiary chemoprevention. Therefore, in this study we investigated the effect of
PEITC against oral cancer in vitro and in vivo. The in vitro studies using MTT assay in six
oral squamous cell carcinoma cell lines (CAL-27, FaDu, SCC4, SCC9, SCC15, SCC25,
TU138) and two immortalized non-transformed oral keratinocytes (OFK6/TERT2, Nok/si)
showed that PEITC was selectively cytotoxic to the cancer cells with average ICsp of 7.4 =+
1.19 uM, compared to 21.5 + 0.5 uM in non-transformed cells. Flow cytometric analysis of
propidium iodide confirmed that 7 pM PEITC for 48 h selectively induce cell death in those
oral cancer cells with minimal toxicity to non-transformed cells (p < 0.001). The in vivo
effects were investigated in oral cancer xenograft model developed by subcutaneously
injection of TU138 human cancer cells into nude mice. Interestingly, subcutaneous injection
of 5 or 10 mg/kg PEITC (daily 5 times/week) near the tumor mass significantly retarded
growth of tumor volume, compared to control group (p < 0.001). The animals receiving 5
mg/kg PEITC had prolonged survival time. Mechanistic studies of necropsy tumor specimens
demonstrated a shift of cell cycle balance from dividing to resting phase, compared to
control. These studies demonstrate selectivity of PEITC against oral cancer in vitro and in
vivo and suggest PEITC as a tertiary chemopreventive agent for oral cancer. Currently, a
novel PEITC-derived food product is under research and development targeting oral cancer

Survivors.
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Funding Source: This work was supported by Dental Innovation Foundation Under Royal
Patronage, His Majesty The King’s Dental Service Unit.

Disclosure Statement. None of the authors has any conflicts of financial interest to declare.

“Corresponding author

Assist. Prof. Dr. Duyaporn Trachoothum

Institute of Nutrition, Mahidol University, Nakhon Pathom 73170, Thailand
E-mail: dif.dunyaporn@gmail.com

THE 6" NATIONAL CONFERENCE IN TOXICOLOGY 10-11 SEPTEMBER 2015



Thai J Toxicology 2015 : 30(2) Symposium 1 /44

Identification of Novel Markers for Early Hepatocellular Carcinoma

Suleeporn Sangrairangl*, Kanjana Thumanuz, Anant Kalalak'
'National Cancer Institute
Synchrotron Light Research Institute (public organization), Muang, Nakhonratchasima, 30000, Thailand

Abstract

Liver cancer is the most common in males and the third in females. Primary liver
cancer comprises both hepatocellular carcinoma (HCC) and cholangiocarcinoma (CCA).
About 60% of liver cancer cases are HCC in central region. Most of HCC patients in
Thailand presented in advanced stage and had bad prognosis. The diagnosis of HCC normally
is based on liver function test and alpha-fetoprotein (AFP). Imaging test such as ultrasound,
CT, MRI are used to determine the extent of scaring in the liver. However, sometime these
tests could not give us the final diagnosis of the disease. We applied FTIR for studying
macromolecular changes in human serum samples from patients with healthy, cirrhosis and
HCC group, 10 serum of each group were collected for this analysis. Spectra from each
serum sample group were analyzed by using Principle Component Analysis (PCA) and
Partial Least Square Discriminant Analysis (PLS-DA). Our study demonstrate that the serum
samples from HCC and cirrhotic patients could readily be discriminated from those from
healthy controls based on macromolecular differences related to their lipid and protein
structure. Spectral changed appeared to indicate that the secondary structure of protein from
HCC sample groups contained a more distinctive B-sheet and a lower lipid content compared
to samples from healthy and cirrhosis group. In addition, we test the PLS-DA classification
with individual unknown, the prediction of healthy, cirrhosis and HCC were found with
100%, 60% and 83.3%, respectively.

In conclusion, FTIR is a simple, rapid and non-subjective method for analyzing
biochemical composition such as protein secondary structure and lipids levels were
significantly different between the three groups. This study support the use of FTIR
microspectroscopy for diagnosis and identification of human liver disease and ,therefore, may

be clinically useful as an indicator liver cancer diagnosis.

Keywords: Biomarker, Hepatocellular carcinoma, FTIR microspectroscopy
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Risk Assessment on Inhalation Exposure to Benzene at Gasoline Stations

Sunisa Chaikliengl*and Saichon Praengkrathok2
'Faculty of Public Health, Khon Kaen University
2Office Disease Prevention and Control 6, Khon Kaen Province

Abstract

Benzene is known as carcinogen which can be evaporated from gasoline into an
ambient air. Workers at gasoline station mainly expose to benzene through inhalation. The
aim of this survey study was to assess risk on benzene exposure via inhalation among
gasoline station workers in Muang Khon Kaen district, Khon Kaen province. There were 3
categorized zones as urban, suburban and rural (n = 48). The data collection was conducted
by an interview of general information. The sampling was collected by personal active
sampling and samples were analyzed by Gas Chromatography (GC-FID). The results showed
that benzene concentration was ranged between 0.010-0.050 ppm. Air benzene
concentrations were lower than the standard (TLV-TWA) recommended by ACGIH (0.05
ppm). The calculated intake of benzene though inhalation of workers was ranged from 0.015
to 0.076 mg/kg/d. The highest value was in rural zone. The health risk on benzene exposure
was found as HQ ranged from 1.25 to 6.33 and the highest value was in rural zone. The risk
estimation revealed that the cancer risk level of exposure to benzene among these workers
were higher than an acceptable risk level (1 x 10°°) which ranged from 4.09 x 10™ to 2.08 x
10°. The suggestion is there should be promoting occupational and safety training for
workers to be aware of hazard and prevention of exposure to benzene. Health surveillance

program by annual monitoring should be provided for these workers.

Keywords: Benzene, Cancer, Gasoline stations, Inhalation exposure
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Emergency Plan Formulation for Crude Oil Leaking: A Case Study of Crude Oil
Transfer on a Central Processing Platform, Gulf of Thailand

Racharat Thukphakdee1 and Sarisak Soontornchai’’
!Central Processing Platform, Gulf of Thailand, Chevron Thailand Exploration and Production, Ltd.
?School of Health Science, Sukhothai Thammathirat Open University

Abstract

The objectives of this research were: 1) to assess the safety of employees working in
the transfer of crude oil from the central processing platform to containment vessels in the
Gulf of Thailand; 2) to estimate the spreading radius of the crude oil in case of leaking into
the sea; 3) to calculate use of oil dispersants with amount in accordance with the leaking
emergency; and 4) to formulate a contingency plan in case of oil leaking with safety and
containment efficiency. The study was started with survey of 48 officers working in the central
processing platform using a questionnaire which analyzed content by the experts regarding
understanding of the emergency plan while oil leaking. Calculation of the amount of crude oil
leaking was done from oil transfer pipeline of both testing cases of auto valve and manual
closes in order to find average time used for these 2 close cases. The highest amount of oil
leaking was then calculated before stopping transfer and calculated amount of oil spreading into
the sea to control the situation. The amount of crude oil leaking was compared with a degree
and a potential threat to the environment in order to formulate a contingency plan in case of
oil leaking. The data were analyzed by descriptive analysis. The findings of this study were
that: 1) the workers working at the central processing platform had good understanding of an
emergency plan in case of oil leaking; 2) the spreading radius of the crude oil in case of
leaking into the sea was calculated from the amount of crude oil leaking caused by emergency
from pipeline of both testing cases of an auto and manual closing of the valves; 3) the highest
amount of oil leaking was calculated as a result of manual of valve closing. The calculation was
found that the optimal amount of oil dispersant to control the situation was 43 barrels or 20 : 1
is ratio of oil with dispersant (Corexit 9500) of the highest amount calculated of oil leaking
but the central processing platform could reserve only 20% of oil dispersant need for the
highest oil spill which was of 8.5 barrels; and 4) the highest amount calculated of oil leaking had
a violence at the second level. An emergency plan was formulated as well as steps of oil
leaking prevention and the role of officer roles working on the central processing platform.

The plan was used as a guideline to improve the preparedness for emergency response and control
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of the situation. The emergency plan was then presented to the oil experts, who considered that
the plan was efficient and could be used in the real emergency situation. The results of this
research could be applied by relevant government offices as a guideline for management of
emergency crisis of level 2 which is the amount of oil leaks more than 20 tons but not
exceeding 1,000 tons according to the criteria of the Prevention and Elimination Plan of Water
Pollution from Oil (Water Quality Management Bureau, Department of Pollution Control). The
amount of the distribution of oil which cannot be estimated radius oil spilled was actually due
to a tidal surge and winds at the sea seasonal changes.The features kind of brought it to the

position of leaks and sending it to volume of production.

Keywords: Crude oil leaking, Crude oil spread, Emergency plan, Oil dispersant
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Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) for Tracing the
Levels of Heavy Metals in Lipstick

Wikawee Jantarasakha', Choosak Poonsawat’, Rachadaporn Benchawattananon'"
'Forensic Science, Faculty of Science, Khon Kaen University
*Department of Chemistry, Faculty of Science, Khon Kaen University

Abstract

Analysis of lipstick for heavy metals (lead, cadmium and mercury) by inductively
coupled plasma optical emission spectrometry (ICP-OES) was carried out. A total of 30
lipsticks from different brand categories sold in the local markets in Khon Kaen province of
Thailand were included in this study. The lipstick samples were extracted with a
chloroform/methanol/nitric acid/water solution (50:20:15:15, v/v/v/v) at ambient temperature
for 48 h and subjected to ICP-OES analysis. The lipstick samples were free of mercury while
lead and cadmium were detected. Lead content was detected in all lipstick samples with a
concentration range of 1.991-19.186 mg/kg whereas only one lipstick sample was found to
contain cadmium (0.035 mg/kg). Even though the level of lead detected in lipsticks in this
study was within the safe permissible limit of Thailand and USA, due to its cumulative toxic
effects prolonged exposure to lead may cause adverse health problems in pregnant and

breastfeeding women since lead could be allocated through placenta and milk.

Keywords: Heavy metals, ICP-OES, Lipstick
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Introduction toxicity, memory deterioration, asthma,
Lipstick is the basic daily product  heart problems and various kinds of

that is included in face makeup application,
in addition to face powder, foundations, eye
shadows, and blush'. Many metallic-based
colors, which may contain lead and other
heavy metals, are used as dyes in cosmetic
products, including lipstick™’. Lipsticks with
metallic-based colors are believed to contain
heavy metals such as lead, nickel,
aluminum, arsenic, cadmium, antimony, and
chromium®. Moreover, heavy metals can be
released by the metallic devices used during
the manufacturing of products’.

Even though lipstick consumers are
exposed to heavy metals in small amounts
on a daily basis, repeated applications with a
prolonged exposure period of wearing time
can result in significant cumulative
exposures for the user and individuals that
come in contact with the user™’. Potential
routes of metal exposure include incidental
ingestion from applied lipstick in female
adults, subsequent maternal transfer to the
fetus, and also small children who
accidentally ingest lipstick products’.

Heavy metals like lead, cadmium,
chromium and mercury are very toxic
Their

contaminants. excessive

bioaccumulation can cause profound
biochemical changes inside the human body
and produce both chronic and acute health
consequences including kidney dysfunction,
bone fracture,

polycythemia, respiratory

cancers®™'®. Moreover, mercury may damage
the brain and the health of developing
fetus'®.

Several studies have attempted to
examine the contamination of heavy metals
in lipsticks. For example, Chen et al.
evaluated the concentration of lead in seven
lipstick samples using flow injection
chemical vapor generation isotope dilution
coupled  plasma

inductively mass

spectrometry'’. Zakaria and Ho also
determined the contents of lead, cadmium
and chromium in 15 different brands of
lipsticks sold in the Malaysian market and
found a concentration range of lead,
cadmium and chromium of 0.77-15.44,
0.06-0.33 and 0.48-2.50 mg/kg,
respectively6. Moreover, the levels of lead,
cadmium, nickel, chromium, mercury,
antimony, and arsenic in 14 brands of
lipsticks were assessed in Saudi markets”.
To our knowledge however, the
concentrations of heavy metals in lipstick
manufactured and/or sold in Thailand have
been rarely reported with only a previous
study by Al-Saleh er al.'® revealing a lead
concentration range of 0.36-0.65 ppm wet
weight in lipsticks from  Thailand.
Therefore, investigating the levels of heavy
metals in lipstick samples sold in local

markets of Thailand is of great importance.
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In this study, 30 lipstick samples
from five different brand and color
categories were purchased from the local
markets in Khon Kaen province of Thailand
and analyzed for heavy metals (lead,
cadmium and mercury) by inductively
coupled plasma optical emission spectro-

metry (ICP-OES).

Materials and methods
Chemicals

standards of lead,

ICP quality
cadmium and mercury were purchased from
Merck (Germany). All chemicals used for
extraction were of analytical grade,

purchased from Merck (Germany).

Study design

The study was carried out at Khon
Kaen University, Thailand, and 43 ques-
tionnaires were distributed to the female
employees in the university to gain the
information about lipsticks. The target
lipstick samples were purposely purchased
in January 2015 based on the popularity
among respondents from the female staff
that applies lipstick regularly and only the

top five lipstick brands were chosen for

analysis. Ten lipstick samples of different

brands and colors were analyzed in
triplicates (each using only one lipstick
sample) that made up a total of 30 samples

in this study.

Acid digestion

About 0.5 g of each lipstick sample
was weighed and extracted at ambient
temperature with a chloroform/ methanol/
nitric acid/ water (50:20:15:15, v/v/v/v)
solution for 48 h. Following thorough
mixing, deionized water was added to the
mixture to a final volume of 100 mL. The
mixture was then filtered through a No. |
Whatman filter paper and the filtrate was
collected for analysis of heavy metals.
Inductively coupled plasma optical
emission spectrometer (ICP-OES)

Optima 2100 DV ICP-OES (Perkin
Elmer, USA) was used for all metal-
determinations in the lipstick samples. The
operation conditions and the wavelengths
are summarized in Table 1. The instrument
was calibrated using a five-point calibration
curve: 0.1, 0.5, 1, 2 and 4 mg/L for lead and
mercury; 0.04, 0.2, 0.4, 1 and 2 mg/L for

cadmium.
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Table 1 Instrumental and operating conditions for ICP-OES measurements.

Parameter Value
Radio frequency power (kW) 1.2
Plasma viewing Axial
Coolant gas (Ar) flow rate (L/min) 10.5
Auxiliary gas (Ar) flow rate (L/min) 0.5
Nebulizer flow rate (L/min) 0.38

min 2 sec, max 5 sec

Pb 220.353, Cd 228.802, Hg 184.950

Read time
Wavelength (nm)
Quality control
The limit of detection (LOD) and
limit of quantification (LOQ) were

calculated with three and ten times the
standard deviation of the 10 individually
prepared method blank solution. Extraction
recovery was evaluated by spiking three
replicates of blank matrix with heavy metal
standards. The percent of extraction
recovery was calculated by comparing the
concentration of heavy metals before the
acid digestion to its concentration spiked
after digestion in the blank matrix using the
Equation: Recovery (%) = (B/A) x 100,
where, A denotes the concentration of each
element after digestion and B represents the
concentrations  before  digestion. The
instrument was calibrated with each element
at a five-point calibration curve. Linearity of
each element was tested from 0.04 to 4
mg/L. Linearity of the calibration curve for
evaluated by the

each element was

coefficient determination (R?). Identical
samples were analyzed three times within
one day's acquisition sequence. Each brand
of lipstick was analyzed in triplicates in
order to gain a more precise estimation of

the data.

Statistical analysis

The results are expressed as means + SD
of three replicates and the obtained data
were analyzed using one-way analysis of
variance (One-way ANOVA) with Duncan’s
multiple range test (SPSS version 17.0) to
determine the differences of the heavy metal
concentrations

among different lipstick

samples at a significance level of p <0.05.

Results and discussion
Quality control

Linear range, linearity, recovery,
LOD, and LOQ for all the target elements

are shown in Table 2. The average

THE 6" NATIONAL CONFERENCE IN TOXICOLOGY 10-11 SEPTEMBER 2015



Thai J Toxicology 2015 : 30(2)

84

extraction recovery for lead, cadmium and
mercury was 95.9%, 99.9% and 101.6%,
respectively. The five-point calibration
curve showed good linearity over the
concentration range from 0.04 to 4 mg/L
where correlation coefficients (R?) ranged

from 0.9995 to 1.0000.

Concentration of heavy metals in lipstick
samples

The concentrations of heavy metals
in the lipstick samples of different brand and
color categories are summarized in Table 3.
The lipstick samples were free of mercury
but contaminated lead and cadmium. Only
one lipstick sample (W2) was contaminated
with cadmium with a low concentration of
0.035 mg/kg. The level of cadmium in
lipsticks reported in this study was lower
than in the study by Zakaria and Ho®.
Gondal et al. also examined the content of
cadmium in lipsticks from different
cosmetic shops in the Kingdom of Saudi
Arabia and reported much higher cadmium
contents in the lipstick samples (5.4-10.6
ppm)"”.

Lead contamination in cosmetics
especially lipstick has raised concerns over
human health risks and was therefore gained
much attention from researchers all over the
world>"°. lead

In the current study,

contamination was detected in all lipstick

samples with a concentrations range of
1.991-19.186 mg/kg with the highest lead
content observed in the lipstick sample M2
(19.186), followed by W2 (15.619), L2
(13.107) and W1 (13.028), indicating that
lead was most abundant in lipsticks with
metallic-based colors. Most lipstick samples
from different bands showed significant (p <
0.05) differences in the level of lead while
some exhibited the same lead level. On
the other hand, the lead content was
significantly (p < 0.05) different as observed
for the lipsticks from the same brand, which
might be due to their differences in metallic-
based colors. The content of lead in lipsticks
in this study was higher than the
concentration reported by Gondal ez al."’, in
which the level of lead in lipstick was found
to range from 6.4 to 9.9 ppm. Another study
by Gunduz and Akman also showed lower
concentrations of lead (0.11-4.48 mg/kg) in
25 lipstick samples, measured by solid
sampling high resolution continuum
source electrothermal atomic absorption
spectrometry”. Besides, lower lead contents
in lipsticks were previously reported by
Soares and Nascentes (0.27-4.54 mg/kg)*'
and Piccinini et al. (0.04-3.75 mg/kg)'.
However, the content of lead in lipsticks this
study was lower than the content reported by

Al-Saleh et al.?
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Table 2 Linear range, linearity, recovery, LOD and QOD for three target elements.

Element Linear range R’ Recovery £RSD (%) LOD LOQ
(mg/L) (n=7) (mg/kg) (mg/kg)
Pb 0.1-4 1.0000 95.9+5.00 2.04 8.00
Cd 0.04-2 1.0000 99.9 +3.52 0.06 3.00
Hg 0.1-4 0.9995 101.6 +4.21 0.37 8.00

LOD: limit of detection; LOQ: limit of quantification.

Table 3 Concentrations of lead (Pb), cadmium (Cd) and mercury (Hg) in the lipstick samples

(n=73).

Brand category Color shade Pb’ Cd Hg
(mg/kg) (mg/kg) (mg/kg)

Brand I
M1 8.005 + 1.320¢ ND ND
M2 19.186 £ 2.146 ND ND
Brand II
R1 1.991 + 1.1798 ND ND
R2 4286+ 0.462° ND ND
Brand III
Al 5.922 +2.688° ND ND
A2 3.627 +1.651° ND ND
Brand IV
LI 8.41 +4.198¢ ND ND
L2 13.107 +£0.797¢ ND ND
Brand V
! 13.028 £ 1.049¢ ND ND
w2 15.619 £ 1.194° 0.035 + 0.0087 ND

ND: not detected
Value = Mean + SD

"Data followed by different letters were statistically different at p < 0.05.

Even though the concentrations of
lead in lipsticks in the present study were
higher than those reported by previous
studies, they were not higher than the safe
permissible lead limit set by the United
States Food and Drug Administration (20
ppm)°. However, four lipstick samples (M2,

W2, L2 and W1) were observed to contain
lead with the concentrations that exceeded
the Health Canada permissible limit (10
ppm)°. It is important to bear in mind that
the level of heavy metals reported in this
study was determined based on a low

number (30) of lipstick samples;
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accordingly, to make the representative data
more reliable a greater number of lipstick
samples should be considered.

Though the Guidelines of Control of
Cosmetic Products has been launched in
Thailand, the existence of heavy metals
might be due to contamination of the lipstick
manufacturing process, in which the heavy
metals sources might come from solder,
leaded paints on manufacturing equipment,
and also from lead-contaminated dust from
the manufacturing surroundings. Even
though the level of lead reported in this
study was within the safe permissible limit,
due to its cumulative toxic effect prolonged
exposure to lead may cause adverse health
problems in pregnant women and
breastfeeding women since lead can be

allocated through placenta and milk.

Conclusions

The lipstick samples were purchased
from the local markets in Khon Kaen
province of Thailand, and the concentrations
of lead,
quantified by ICP-OES. The results revealed

cadmium and mercury were

that the lipstick samples were free of
mercury but contaminated with lead and
cadmium. Only one sample was found to
contain a low concentration of cadmium.
Meanwhile, all the lipstick samples tested
were contaminated with lead with high
levels of lead contamination observed in

four samples. Statistical analyses showed

that there was a significant difference of
lead content in the lipsticks of different
brands. Meanwhile, the lipsticks of the same
brand also showed significant differences in
lead content, which might be due to their

differences in metallic-based colors.
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The Accumulation of Heavy Metals (Pb and Cd) of the Plant Family Zingiberaceae at
Srinakarind Dam, Kanchanaburi Province

Puangpak Promrungsri and Warangkana Srichamnong*
Institute of Nutrition, Mahidol University

Abstract

Indigenous plants and herbs have been consumed by local people in Thailand for past
decades. The use of these plants beside taste and aroma for the dish, it is also used for its
medicinal properties. In addition, the native plants are inexpensive and readily available, so
most of the users are not aware of some toxin that could present such as phytotoxin and
heavy metals. Heavy metals including lead (Pb) and Cadmium (Cd) can be occurred naturally
or from external contamination. The accumulation of heavy metal can be found at any part of
the plants such as leaf, root and stem. The aim of the study was to examine the level of heavy
metal in Zingiber cassumunar Roxb., Alpinia malaccensis and Zingiber citriodorum
which cultivated in the Royal initiative of Her Royal Highness Princess Maha Chakri
Sirindhorn, Kanchanaburi Province, Thailand where forest expose to minimum human
activities leading less contaminated from fertilizers and pesticides. Heavy metals content
were analyzed by Inductively coupled plasma (ICP). The results indicated that the content of
Pb in Z casssumunar Roxb., A. laccensis and Z. citriodorum were 0.074 + 0.012 mgkg ",
0.025 + 0.001 mg.kg" and 0.127 + 0.01 mg.kg™" respectively. Considering Cd concentration,
Z. citriodorum had the highest concentration (0.057 + 0.00 mgkg"') followed by Z.
casssumunar Roxb (0.043+0.00 mg.kg™), and A. laccensis (0.041 + 0.02 mg.kg™"). However,
the presence of those heavy metals were below Maximum Permitted Level (Pb < 1 mgkg,
Cd < 0.3 mg.kg™) indicating that those roots plants were safe to consume. It can be seen that,
even the root plants are belong to same family, they accumulates heavy metal differently.
This could be due to the thickness of the plant’s cell wall and the location of plant habitat.
From the results, the content of both Pb and Cd in Z. cassumunar Roxb., A. malaccensis and
Z. citriodorum were considered as in low level, though they grow in reserved area.lt is
indicated that there are accumulation of heavy metal which occur naturally in nature. Thus,

they are safe for consumption.
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Introduction

Local people usually use indigenous
plants as food and traditional medicines.
Currently, the trend of herb and food
remedies has been increasing. This is one of
the factors that increase the utilization of
wild plants. Fresh consumption is a popular
choice of local plant usage. However, fresh
consumption could cause health adverse
effects from natural phytotoxins, pathogens
contamination and heavy metal
accumulation in the plants.

Recently studies have related the
accumulation of heavy metals in several
herbal remedies. Okem et al. (2014)'
reported that in South African medicinal
plant such as Rapenea melanophloeos and
Alepidea amatymbic have been
contaminated with many toxic elements
including lead (Pb),
cadmium (Cd).

arsenic (As) and

Heavy metal such as Pb and Cd are
naturally contaminated in environment or by
human activities such as industrial and
cultivation. Soil is the main source of heavy
metal contamination followed by water.
Plant absorbs foods and nutrients from soil
by diffusion through the rhizosphere®. This
shows that the roots are the first part that
contact with heavy metal and could
accumulated heavy metal elements. The
toxicity of heavy metal especially lead could

cause renal dysfunction, nervous system

disease and cross placenta to fetus® and

cancer’. The chronic toxicity of cadmium is
pulmonary diseases’. In addition, the IARC
has classified cadmium as Group 1
carcinogens’.

Zingiber cassumunar Roxb. (Plai),
Alpinia malaccensis (Khapa) and Zingiber
citriodorum (Krachaipran) are local plants
found

that can be abundantly in

Kanchanaburi Province, Thailand. These

plants belong to the same family,
Zingiberaceae, (roots herb). The application
of plants included drinks, food or medicines.
The studies have found that all three plants
exhibit medicinal properties such as anti-
inflammatory and anti-virus. Furthermore,
Z. cassumunar Roxb. (Plai) is used for its
antimicrobial activity’. 4. malaccensis
(Khapa) showed strong antioxidant activity
in hepatotoxicity induced mice®.

Due to the good taste, aroma and
health promoting function in Zingiberaceae
family, it 1s still not sufficient to promote the
usage of this plant family. Plant accumulates
various compounds beside  bioactive
compounds such as phytotoxin and heavy
metal. Therefore, before encourage the
consumption of these plants, it is important
to study the possible presence of phytotoxin
or heavy metal in the plants. This is to
ensure that safe consumption of plants and
food security. The aim of this study was to
study the presence of heavy metals
including Pb and Cd in Z cassumunar

Roxb. (Plai), 4. malaccensis (Khapa) and
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Z. citriodorum (Krachaipran) in reserved area

using ICP-OES-method.

Materials and Methods

Plants and chemicals

Z. cassumunar Roxb. (Plai), A. malaccensis
(Khapa) and Z. citriodorum (Krachaipran)
(Table 1) were collected from the Royal
initiative of Her Royal Highness Princess
Maha Chakri
Province, Thailand in May 2014.

Sirindhorn, Kanchanaburi

Chemicals and reagents

Concentrated nitric acid (MERCK,
Germany), Perchloric (HPO;) (MERCK,
Germany), cadmium standard solution 1000
mg/L (BDH, Spectrosol, England) and lead
1,000 mg/LL. (Merck,

standard solution

Germany).

Samples preparation

Only the edible part of samples was
analyzed. The brown outer part of Plai was
removed and the yellow inner flesh was
used for analysis which similarly to Khapa.
While Krachaipran, the light brow root was
cleaned and used as a whole for sample
analysis (Table 1). The edible part of each
sample was collected, washed twice with tab

water and rinsed with DI water. After that

samples were freeze dried and blended to

the powder.

Samples digestion

Approximately 0.5 g of dried
samples were weighed and mixed with 5 mL
of 65% HNOs; (concentrated) and 1 mL of
Perchloric (HPO4) [5:1] in a teflon jar.
Sample digestion was conducted at 100 °C,
9 h in hot air oven and cooled under the
fume hood. Solution was filtered into
volumetric flask and volume was adjusted to
25 ml with DI water. All sample solutions
were run through Inductively Coupled
Plasma Optical Emission
(ICP-OES) (PerkinElmer™, optima 4200

DV, USA) with WinLab32™ software.

spectrometry

Operational conditions used for

determination are shown in Table 2.

Statistic analysis
Statistical analysis were performed
in triplicate and data analyzed are mean +
SD subjected to One-Way ANOVA by
using SPSS 19 (Statistical Package for the
Social Science),

»<0.05.

significant different at
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Table 1 The medicinal plants (Zingiberaceae family) used in this study

Plant (scientific name) Local name Part used

Zingiber casssumunar Roxb. Plai (Cassumunar ginger, Bengal root) Rhizome

Khapa (Galanga) Rhizome

Zingiber citriodorum Krachaipran Rhizome

(Faculty of pharmacy , Mahidol University, 2015; Agrofolio, 2015; Institute of Nutrition, Mahidol
University, 2011)

Table 2 Operational parameters for determination of Pb and Cd by ICP-OES

Parameter ICP-OES
Radio-frequency power (W) 1,400
Plasma gas flow rate (L/min ) 15.0
Auxiliary gas flow rate (L/min) 0.2
Nebulizer gas flow rate (L/min ) 0.8
Observation view Axial
Analyte

Pb 220.353

Cd 228.802

Operational parameters used in this experiment were shown in Table 2. Plasma and auxiliary flow rate
were kept constant at 15.0 and 0.2 L/min respectively. In addition, Pb and Cd were observed at
220.353 and 228.802.
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Results and discussion

It is widely accepted that a great deal
about the accumulation of heavy metals are
from the human’. Therefore, the area that is
reserved and away from human activity is
desirable for this study. Hence, the Royal
initiative of Her Royal Highness Princess
Maha Chakri Sirindhorn, is selected. It is
also the conservative area with no
contaminated from fertilizer and pesticide
area. The samples are Zingiberaceae family
that is rhizomes herb (Table 1).

Root herbal has been used for a long
time and can contaminated with varieties of
metal depending on plant species, collecting
site and bio-accumulation'’. The result of
this study showed that the edible part
contain heavy metal.

The highest level of Pb was detected
in Z. citriodorum (0.127 £ 0.01 mg/kg)
followed by Z. cassumunar Roxb. (0.074 +
0.012mg/kg) and the

malaccensis (0.025 = 0.001 mg/kg) (Figure
1).

lowest was A.

Pb that found in three plants are
significantly different (p < 0.05). Cecchi et
al."" reported that Pb normally accumulated
in top soil (about 8 inch from the surface)
and decreases for deeper soil layer.
Therefore, root plants that stay on soil can
contain Pb in this part.

Although all three plants in this
study are in the same family, their abilities

to accumulated Pb are different which

depends on various factors such as soil pH'?,
surface of root, immature of plant and the
thickness of cell wall at root because metal
diffused through cell wall and stored in
vacuole'.

This study showed that the accumu-
lation of lead in all three plants are
significantly different (p < 0.05). The
highest accumulation is Krachaipran
followed by the Plai and Khapa, respectively
However, the accumulation of cadmium in
all three plants is no different.

Regarding Cd content, Z cas-
sumunar Roxb., A. malaccensis and Z.
citriodorum were, 0.043 + 0.00 mgkg”,
0.041 + 0.02 mgkg' and 0.057 + 0.00
mgkg', respectively (Figure 1). This
finding is agreed with the finding to Cd in
the rhizome of ginger, galangal, black
galingale which are belong to Zingiberaceae
family, the average is found 0.3 mg/kg at

Nakhon Pathom Province'®. Rhizome is the

primary part of plant that contact with heavy
metal. It is positioned on the ground which
mineral and heavy metal are presences. In
addition, the transportation of mineral and
element is conducted through the root.
Hence, this part is likely to have heavy
metal accumulation'>. Ginger rhizome
which belong to the same family of plant
contain in high Pb

samples similarly

. 1
concentration 6.
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Normally, the uptake of Cd in plant
is flow through cell wall of root similar to

Pb. After that, Cd are transported to

different parts of the plant by xylem and

0.16
0.14
0.12

0.1
0.08
0.06

0.04

Heavy metal (mg/kg) (mg/kg) wet basis

0.02

*
Ccd
I
T % T

Plai

Khapa

move to grain by phloem'”'®. Generally, Cd
can be found in any parts of the plants.
However, in this study, Cd was detected in

rhizome in small quantity.

EPb

Krachaipran

Figure 1 The content of Pb and Cd (mg/kg) wet basis in Plai (Zingiber cassumunar Roxb.),

Khapa(Alpinia malaccensis) and Krachaipran (Zingiber citriodorum) edible part

analysed by ICP-OES

Moreover, the accumulation of Cd
are varied depends on species of plant or the
expression of Zinc-regulated transporter
Iron-regulated transporter protein (ZIP) and
Heavy Metal ATPase 4 (HMA4). Those are
the transporter regulation of Cd'. In
addition, high levels of Pb and Cd can cause
plant toxicity, growth retardation and affect
the expression of the plants genotype®. The
level of heavy metals in this study was
considered to be safe to consume in
(Thai FDA, 1986)*.
FDA

moderate level

According  to regulation, the

concentration of Pb less than 1 mgkg'@" is

safe. There is no specified limits of Cd in
food but the standard heavy metal
contamination in traditional medicine 1is
limited to 0.3 mg/kg*.The limits of Cd in
food of FAO/WHO is defined in the PTWI

(Provisional Tolerable Weekly Intake).

Conclusion

This study concluded that Z
cassumunar Roxb. (Plai), 4. malaccensis
(Khapa) and Z. citriodorum (Krachaipran)
from Royal initiative of Her Royal Highness
Princess Maha Chakri Sirindhorn,

Kanchanaburi Province, Thailand, contain
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safe level of heavy metal accumulation for
consume. However, the higher intake of
these plants as traditional medicine will
cause acute toxicity because  the
accumulation of heavy metals in the body.
It depends on the characteristics of the
plants, the edible part can accumulate heavy
metals in high level. In addition, soil is a
major  source of  heavy  metals
contamination. Therefore, growing location
and human factors should be carefully

observed to acquire safe food.
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Kaentawan Protects Genome Integrity of Drosophila melanogaster from
Nitrosomethylurea

Pisamai Ting, Piya Temviriyanukul*, Kaew Kangsadalampai, Kunchit Judprasong
Institute of Nutrition, Mahidol University

Abstract

Kaentawan (Helianthus tuberosus L.) tuber has been a valuable crop as human
food, traditional medicine and animal feed. In Thailand, it is also being developed as
functional food, whereas studies on its genotoxic effect are still scarce. To this concern, the
standard genotoxicity test; the somatic mutation and recombination test (SMART), was
employed for the sake of safety confirmation. Lyophilized raw Kaentawan, lyophilized boiled
Kaentawan and inulin were evaluated for their mutagenicity. Moreover, Kaentawan and
inulin were also evaluated whether they could modulate the formation of nitrosomethylurea,
which is the mutagen derived from the mixture of sodium nitrite and methylurea. The results
indicated that all tested samples were safe in terms of genotoxicity. The strong inhibitory
effect towards nitrosomethylurea formation (> 80 percentage of inhibition) was detected in all
tested samples. Intriguingly, inulin gave the highest inhibition on mutagen formation (> 94
percentage of inhibition), thus inulin might be the main factor in reducing the formation of
mutagen derived from sodium nitrite and methylurea. Thus, the consumption of Kaentawan
tuber seems to be a good choice for health concerning consumer since our study

demonstrated that Kaentawan was non-genotoxic and could reduce nitrite toxicity.

Keywords: Drosophila melanogaster, Genotoxicity, Kaentawan, Nitrosomethylurea
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Introduction

Kaentawan (Helianthus tuberosus L.)
is grown around a temperate zone with a
high production of its tuber. Unlike most
crops that store carbon as starch, the tuber
of Kaentawan stores inulin which is a
fructose polymer (soluble fiber). This has a
pronounced influence on the value and
utility of Kaentawan as soluble dietary
fiber'?. Inulin provides various health
benefits, e.g. maintaining the normal blood
sugar and lipid concentration in blood
circulation, and improving gastrointestinal
and immune system'”. Since Kaentawan is
being promoted as functional food in
Thailand.  Various recipes of the
Kaentawan can be developed as raw and
cooked food components, such as raw
Kaentawan with Namphrik, Miang kham
Kaentawan, Kaentawan soup, and Spicy
Kaentawan. Recently, Kaentawan sausage
has been developed using Kaentawan as a
fat substitute for pork fat in order to reduce
nitrite and increase nutrition value’. In
addition, Kaentawan has been reported as a
medicinal plant in China. It has been
applied to treat many symptoms, such as
aperient, cholagogue, diuretic,
spermatogenic, stomachic, diabetes and
rheumatism'°. However, the information
regarding the safeness of Kaentawan is still
scarce. Thus, it is of great interest to

investigate the genotocixity of Kaentawan.

Previous studies suggested that direct
mutagens formed from nitrite and mutagen
precursors in the acid condition similar to
the stomach digestion could be one of the
etiologies of the human gastric cancer®®.
Kaentawan is a source of dietary fibers’,
which are extensively studied for their
properties as antimutagens and
chemopreventive agent. The hypothesis
regarding the chemopreventive properties
of dietary fibers in cancer prevention could
be due to that dietary fibers are effective in
binding of carcinogens'®. In support, rats,
which were fed with inulin, exhibited low
pre-neoplastic  lesion induced by a
mutagen, 1,2 dimethylhydrazine dihydro-
chloride'". Thus, the present study was also
designed to investigate the modulating
effect of Kaentawan on the formation of
nitrosomethylurea.

The somatic mutation and
recombination test (SMART) or wing spot
formation test is an in vivo standard
genotoxicity test. The principle of the test
is based on induced loss of the
heterozygosity, which may occur through
various mechanisms, such as chromosomal
rearrangement, chromosome breakage, or
chromosome loss as well as mitotic
recombination and gene conversion'>. On
the treatment of larvae during the
embryogenesis, the imaginal disc cells

proliferate mitotically and many genetic
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events, such as point mutation, deletion,
somatic recombination and non-disjunction
can be determined on the wing of adult
flies'. If a genetic alteration occurs in one
cell of the imaginal disc during mitotic
proliferation, it will form a clone of mutant
cells expressing the phenotype regulated by
the specific genetic markers of wing
surface i.e. the recessive markers multiple
(mwh) (r')

wing hair and flare

phenotype'*'*.

Materials and methods
Chemicals and Reagents

N-methylurea was ordered from
Fluka AG (Buch, Switzerland).
purchased from BDH
Chemicals Ltd. (Poole, England). Inulin

(98%) was

Sodium

nitrite  was

purchased from Beneo
(Mannheim, Germany). Other experimental

ingredients were of food grade.

Sample preparation

The tuber of Kaentawan (6 kg) was
obtained from the largest producer of
Thailand namely, Mae Klong Yai
Irrigation Water Management Research
Station, Nakhon Pathom Province. Then,
Kaentawan was cleaned twice with tap
water. Subsequently, it was dried with an
electric fan. Its outer skin was peeled off

before it was divided into two portions.

The former was used raw and the latter was

boiled for 8 minutes until the texture
became soft. Each portion of the sample
was blended in a homogenizer and

lyophilized.

The somatic mutation and recombination
test (SMART)

Briefly, virgin ORR; fIr° females and
mwh males were mated on the standard
medium (corn flour [0.25 g], sugar [0.20
gl, agar [0.03 g], yeast [0.10 g] and
distilled water [2 ml]). Six days after
mating, 100 of 3-day old larvae were
collected, washed with water and
transferred to the experimental medium.

To determine the mutagenicity of
Kaentawan, the standard medium was
substituted for corn flour by lyophilized
raw  Kaentawan, lyophilized boiled
Kaentawan or inulin for 50% and 100%,
respectively [0.125 or 0.250 g] and mix
well with other ingredients, such as sugar
[0.2 g], agar [0.03 g], yeast [0.10 g] and
distilled water [2 ml] to make experimental
medium. The standard medium was used as
a negative control, while standard medium
containing nitrosomethylurea was used as a
positive control. All experiments were
performed at 25+1°C. The surviving adult
flies were collected, at least 40 wings, were
analyzed under a compound microscope
for exhibiting the multiple wing hairs

(mwh) or the flare (ﬂr3) phenotypelz’ B,
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To determine the antimutagenicity of
Kaentawan, the experimental medium was
added with the combination of sodium
nitrite (36 mM, 1 ml) and methylurea
solution (10 mM, 1 ml). The combination
of sodium nitrite (36 mM, 1 ml) and

methylurea (10 mM, 1 ml) was used as

=

AV v

rrwh Oﬁ‘{:ﬂr“ Standard

(male)  (fempale) medim
~= wing

preparation

medium. In each

the

positive  control

experimental medium, final
concentration of nitrite is 18 mM'®. All
experiments were performed as mentioned
above. Overall steps are also shown in

Figure 1.

25+1°C

3-day old trans-
heterozygous larvae

i

Experimental medium + Nitrite + Methylurea
or Standard medium + Nitrite + Methylurea
or Negative control medium

! 25+1 °C
S for 7 days

Figure 1 Antimutagenicity study of samples on mutagenicity of in vivo formation of

nitrosomethylurea induced wing spots of Drosophila melanogaster (courtesy of

Assoc. Prof. Kaew Kangsadalampai)

The wing spots data were scored as
frequency of spot per wing and evaluated
for mutagenicity using the statistical

procedure as described by Frei and
Wiirgler'”. Test responses were classified
into three categories; (I) positive (+), a

(D)

inconclusive (i), no acceptance at the same

strong  response was  found;
time of two mutually exclusive hypotheses;
and (III) negative (-), no effects under the

conditions of the test. Furthermore, the

modulating activity of each sample was
evaluated and the result was expressed as

follows:

Percentage of inhibition = (a-b)/a x 100

Where “a” is the number of total
spots/wing induced by nitrosomethylurea,
“b” 1s the number of total spots/wing
induced by nitrosomethylurea

simultaneously administered with each
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sample. It is proposed that percent of
inhibition between 0-20%, 20-40%, 40-
60% and higher than 60% indicate
negligible, weak, moderate and strong
inhibition of sample on in vivo formed

nitrosomethylurea, respectively'”.

Results and discussion

To  determine the  mutagenic
properties of Kaentawan, the standard
medium was substituted for corn flour by
lyophilized raw Kaentawan, lyophilized
boiled Kaentawan or inulin for 50% and
100%, respectively. The data is shown in
Table 1. The results showed that
Kaentawan induced the spot/wing between
0.30-0.65 spot/wing, while the negative
control was 0.08 spot/wing. The statistical
analysis according to Frei and Wiirgler'’
revealed that Kaentawan at any tested
concentration was not mutagenic. In
consistent with the literature, nitrosome-
thylurea is  potent mutagen'® as
shown in Table 1. Inulin, a soluble fiber
mainly found in Kaentawan, was also
investigated for its mutagenic properties.
As expected, inulin did not statistically
induce wing/spot in tested Drosophila
compared to control (Table 1). This is in
agreement with a study that inulin
extracted from chicory was not mutagenic
when inulin was tested using several

strains of bacteria including Salmonella

typhimurium strains TA1535, TAI1537,
TA98, TA100, and Escherichia coli strain
WP2uvrA?!. Thus, the daily intake of
inulin has been accepted at up to 10 g in
U.S. and Europe. The NOEL (no
observed effect level) of inulin for the
laxative effect is at 30 g per day™.

Beside the mutagenic properties of
Kaentawan, we also investigated the
antimutagenic properties of Kaentawan in
order to promote its healthy value. To this
aim, the solution of sodium nitrite and
methylurea solution were added to
experimental medium. The number of total
spot per wing of adult files obtained from
each experimental medium containing
nitrosated methylurea was compared with
that of adult files obtained from positive
control group in order to derive the
percentage of inhibition on the formation
of nitrosomethylurea; the result is shown in
Table 2. As compared to the positive
control, lyophilized raw Kaentawan,
lyophilized boiled Kaentawan and inulin
exhibited potential inhibitory effect to
reduce wing spots induced by in vivo
(88-94

percentage of inhibition) (Table 2). The

formed  N-nitrosomethylurea
result that inulin inhibited the formation of
mutagen derived from the mixture of
sodium nitrite and methylurea implied that
soluble fibers, especially inulin might be

the major components of Kaentawan in
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inhibiting the mutagen formation. Since
the concentration of inulin used here was
higher than that of inulin found in tested
lyophilized Kaentawan (both 50% and
100%), hence we conclude that inulin
from 50% lyophilized Kaentawan or even
lower was effectively enough to prevent
the formation of nitrosomethylurea.
Guzmén-Rincon and his co-workers™
suggested that the in vivo nitrosation
between nitrite ion and its nitrosable
compound occurred in the digestive tract
of Drosophila melanogaster larvae in a
similar manner to that of mammalian
stomach. Therefore, it is tempting to
speculate that Kaentawan might act as
carcinopreventive agent in order to
prevent the formation of potent mutagen
from nitrosated methylurea.

Sausage is a well-known source of
nitrite compound that is subsequently
interacted with suitable amine precursors
in an acid condition similar to stomach

digestion resulting in a potent mutagen,

N-nitroso compounds formation, such as

nitrosomethylurea'®2*.

Thus, a special
sausage was formerly developed using
Kaentawan as a fat substitute for pork fat,
which could reduce the amount of nitrite
added and increase its nutritive value
while the texture was acceptable’. In

I. ** also substituted

addition, Beriain ef a
inulin and olive oil for fat in the sausage
and achieved good acceptability rating.
Our data revealed that raw and boiled
Kaentawan possessed the same inhibitory
effect against the formation of N-nitroso
compounds (Table 2), so replacement of
Kaentawan in food, for example sausage
or bologna, might be worth developing as
healthy food.

However, the safety evaluation of
such modified meat products in terms of
the occurrence of botulinum toxin has to
be seriously considered since the
presence of nitrite residue in fermented

meat product generally guarantees the

absence of such toxin.
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Health impact assessment of exposure to benzene and 1,3-butadiene in people living
nearby the industrial areas, Rayong province

Ormrat Kampeerawipakorn', Panida Navasumrit'?”, Jeerawan Promvijit', Potchanee
Hunsonti', Varaporn Parnlob’', Netnapa Nakngam', Suppachai Choonvisase', Mathuros

Ruchirawat'"

'Laboratory of Environmental Toxicology, Chulabhorn Research Institute

*Chulabhorn Graduate Institute

*Center of Excellence on Environmental Health and Toxicology (EHT), Office of the Higher Education
Commission

Abstract

To address the higher incidence of cancers such as leukemia reported in Map Ta Phut
area and other areas of Rayong province, this study aims to study exposure to benzene and
1,3-butadiene that have been linked to cancer in hematopoietic system in people living nearby
the industrial estates in Rayong province. Study subjects comprised 313 healthy residents
living nearby the industrial estates in five sub-districts and 100 volunteers from two non-
industrial sites located in Rayong and Chonburi province. The results showed that differences
in levels of DNA damage such as 8-hydroxydeoxyguanosine (8-OHdG) and DNA strand
breaks as well as DNA repair capacity between the exposed and control groups were not
statistically significant. Exposures to benzene and 1,3-butadiene and levels of urinary
trans,trans-muconic acid (#,-MA) and monohydroxy-butyl mercapuric acid (MHBMA),
which are specific metabolites for benzene and 1,3-butadiene, respectively, were similar in
these groups. In addition, individual exposure levels of benzene and 1,3-butadiene did not
correlate with 8-OHdAG, DNA strand breaks and DNA repair capacity, suggesting that these
compounds may not be solely responsible for the increased health risk in the study subjects.
Other chemicals from the emission and/or other sources may be involed. Further studies are
needed to clarify the exposure-health risk concern.

Keywords: 1,3-butadiene, Benzene, Biomarker
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a Jd A = Y A
wazwaseHlSuaaIsiuuFuAlenTe GC-
MS (Agilent, USA) #45108198AA 1Y Navasumrit
et al'® A1 limit of detection YBINITIUATIZH

seavasuudu lu@ealinminy 29.0 ng/L

a J o a a
ﬂ]i?!ﬂﬁ]z?’iiz@]ﬂﬂiﬂﬂ?iﬂuﬂ (trans,trans-
muconic acid; £,--MA) Tutfaanae

o A o [} Y Bol
‘VHﬂTiL’i]@’i]Nﬂ’J’E)EJNﬂﬁﬁ'TJZﬂ’JEJTHGlu
9931 1:5 !,‘Vh LaZIWUN AT t,t-MA ﬁ}?ﬂlﬂdiﬂﬁ
a 4 [
HPLC (Agilent, USA) UQZUATIEHIZAUNTT
t,-MA A18IA304 Tandam Mass Spectrometry

(Micromass Quattro microTM, UK) A45188¢ G
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A3 Melikian ef ol 1@e¥f1 limit of detection
A 2.40 ng/ml HAZUAAINATLAVET £,-MA

I
11l mg/g creatinine

P13531AI12HILA VAT Monohydroxy-butyl
mercapuric acid (MHBMA) Tudaanay
WMsanaa1s MHBMA #2975 solid
phase extraction (SPE) LANUNTIT MHBMA
§1013 09 HPLC (Agilent, USA) UagInIeH
52fUA15 MHBMA  @701A304 Tandam  Mass
Spectrometry (Micromass Quattro micro ", UK)
A951002108AN N Navasumrit ef al. 108 1Al
limit of detection VBINIIATILHINIAY 1.65
ng/ml HAZLAAINATEAUAT MHBMA 111 mg/g

creatinine

P13531A31¢HseAVA1T 8-Hydroxy-2 -
deoxyguanosine (8-OHdG) luiraauiaaenv1?
o =] A

ana DNA  luaaiiaaenv1291n
Y 1 A 9 4
drog1uaen uazldioulesl Nuclease P1 uay
101 la3d Alkaline phosphatase 08 DNA 1¥13)u
nucleotide HAZIWUATT 8-OHIG AIBIAT DY
HPLC (Agilent, USA) uaziasizilSuna 8-
OHIG A18IATB3 triple quadrupole mass
spectrometer (Agilent 6410 Triple Quad LC/MS,
USA) A9351882108AA1N Vattanasit ef al.” gl
A1 limit of detection VYBINTUATILHININY 20
fmol/ml tazuadnallusZAY 8-OHAG @0 10°

dG

d [V o
NISIUATITHIZAUMIUANNIAI8VDITS
ﬁ’ufq N394 (DNA strand breaks)

a 4 o ]

A5121 DNA strand breaks 1UA20819
A a 9 a
!aﬂ@ﬂi%NTﬂ!201NIﬂiﬁ@iﬂﬁﬂrﬂﬂuﬂ Comet

[ P .
assay  #91l5znoudleduaaua1en laun Cell
embedding in DNA

agarose, Cell lysis,

unwinding, Alkaline electrophoresis,
Neutralization and Comet staining 4518821099
@1 Navasumrit ef al.’ 3EAUNTUANTNUD

o Y A .
DNA 0352970 1ao19%1A509 Automated  Epi
Fluoresecense Microscope (Auxioplan2, Zeiss,

<

Germany) uAaINaIl U tail length L@ olive tail

moment

mMsAaszinnumnsalumsdenusuans
”m; N334 (DNA repair capacity)
a 4 @ 1
AAT121 DNA-repair capacity 11A20814
deadszuna 0.5 HaaansalemnAta cytogenetic
v . .. &
challenge assay Taald 1 Gy-irradiation IW®
nszqumsnanuialnaveslns TuTaeuly
=] [
IFAAIUALADAUII N1BNAINTT irradiation 48
2 Tu99h metaphase chromosome spreading N
510921009010 Au e ol 93I9IATTAVANY
alnaveslns luley Tagudaananising
radiation-induced deletions (t@% radiation-induced
dicentrics 1uszo metaphase Fa5TAVAY
a a d‘ 1 dyd
Anlnaveslas TuTsunge UaFdDInNUaINITD
Tunmsseuuyuanuralnavesasnugnssun

aaaN
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a J aa
NIFAIUAIICHNINADAN
AAs1zveyanivanatyy Non-
Parametric Kruskal-Wallis H test tl81¥ Mann-
. d‘ I v =
Whitney U-test LW’BLIEEJ‘]JLT]?JTJ?%@‘]J?TWSLUH%H
a =) g‘/ 2 v aA
uae 1,3-'1J’J°Vﬂvlﬂﬂu FINMTSAUVUDNATUBININ
Yo o % v AaA
GUfNﬂTiulﬂi‘UﬁﬁJWﬁ UAZATYUTINTINUDINT
= = KA 9 1
LﬂaﬂuuﬂmmwamMunﬂzu,iwlu TEUIN
nauilszannsanuaznguilszannsfSeuiion
o a L4 [ o J 1 @
UAZNINITAUAINCUANUTUNUTICHINISAY
= a = 1 o
IV UTULDS 1,3—mm”l@®u“lmmazm@1am
] [ ddyw 1 9 a 4
TTAUATUFIAATICG Iﬂﬂﬁl%ﬂWi’JLﬂi1$ﬁL!‘UU
A =
Spearman Sum Rank Test efSeumeuniuy

UANANNINADA FIVDUATANVUANAI1ID819H

U

'
o A

WedAN1aaa (e p <0.05

=® a d

NANSANEILATNSIVITUNE
1. msdszdiumsIasuaudaeswuduas 1,3-
a =S
dimladu
1.1 szavasiwudunaz 1,3-ian'lasw lu
2IMAVUINANNN e

A15197 1 LAASTLAUAITIIUF UL 1,3-
a = a g d’d
Jam ladulusimausnaiundayiseua

g d' = =4
gATHNI VA TUNToUNeD Nan1TANY
nuNsgaumsuuFunas  1,3-imladulu
9 [
PIMALSNUNUNANET A, WIUAINA (7.90 LAz
0.11 pg/m’) . WG (5.19 1ag 0.10 pg/m’) @,
1/a3nuag (6.85 uaz 0.11 ug/m3) 1AL f. HUBI1D
) Y '
(6.16 1az 0.09 pg/m’) SINNINUNLFoufion a.
LU 9. ¥aYT (6.48 1AL 0.07 pg/m’) FINN
o A A A= )

55AUNATINUTUNUNANEY @ 11U (5.44

3 & A =
1ag 0.05 ug/m’) llagwuﬂllﬁﬂﬂl‘ﬂﬂ‘u fl. U

1 4 o a 4
15 (5.55 4820.05 pg/m’) 1WBIINITUATIZHINI
AANVNTEAVTTIVUTULAL 1,3-17111adu
a g d‘d ?1’/ 1 =
Tue1MAUTNANUNANYING 5 ura ANy
uanaNed NN Ned 1Ay NINddANUIZA LN
. o A4
#32930 18 luemaus nanunalSsumney
szavasuudulueimanasranylu
dy d‘d dy d’ =] = 1 1
nanuRAn YA NuSeufeugandia
~ A 9
MAsgIUsel awdlsemanssumsaunadou
1 a o ﬁid' 3 A
UHIBIA WA, 2550 Aviua 13N 1.7 pg/m’ vaue
[ a = d‘ dy d‘d
seauas 1,3-1m ladunasranu lunuianmn
Y Y v Y ]
N9 5 UMz AUNAIVAUNG 2 1HIAINI1A1

O Tay

Al o Shd'

wasgunetlisivua 13 0.33 pg/m

U = t:' dy L:'
sgavasuaulueinanasany lunnivun
=S a0 Y 2 v [ [ dl
Anwila lndeanunuszaunasanylu
vinaseuvagaaInnisua1eg lulseima
185U (5.86-7.16 pg/m)™ uazszAvAs 1,3-07

= dy d’ﬂ g}/ 1 ; 1

mladulueimaluiuidnying 5 uvedinm

v A A ~
ﬁ%ﬂ‘ﬂlﬂﬁEJinJﬂVIW‘]JGlu‘]JiDmTEJUQ@ﬁWWﬂﬁill

v
S 1

' Y
Tudsgmaguuazlueinianaly sauns
=) A~ [} A
VINUNUMITVTIHUMUUAD 0.31, 0.42 11
3(21) Il hl <3 o =
0.22 pg/m’*" 8819 15AAIN STAVATIUUF UL
- a A 4 A Fa
13-gam ladunnyluiufdnyinasiun
[ o { Y
Wiewmievegluszavinyldluusseinia
4 3 -
mc]"lﬂ (background level) ¥3919NAIINNITLH
9 9ol o dy a o A a0
Tndveniiudemas Tagszauiasianuiian
9 1 Y = a =
weenNnsraumsuuFuLay 1,3-0amladulu
ormalwdoslvantidaninisasias wu lu
NFUNNUMIUATHIATIVNUTZAVATIUUTULAZ
13- laduluermausnaninisesies

WUMUUGIDN 49.60 1182 4.11 pg/m’ awden”
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U Yo U U =
12 szaumslasududaansiuudunay
1,3-Damladuluusazynna
A15199 2 uaaIszAums lasuduiaans
= a =S 1
wudunay 1,3-091 ladulunaazyanaveq
(%] Ll =4 Ll =\ 1
P1aaNAINgUAN YAz AT aUMY WU
[ ti' Yo (%3 v = 1
FLAVIMABURINT IasuduAaaTuuau luua
AZYAADVOIDIEAUATNGUANYT . WIUAINA
(8.92 ug/m’) ganNizaunaswulueraaiag
(=1 Y 3 !
NQUANHI A. UIUR (6.26 pg/m’) . WSUINR
(5.57 pg/m’) a. Yanuas (7.06 pg/m’) A. B9
117 (6.54 pg/m’) uage @ dUATNAUILT oI
A Muedls ag a. uaNans (5.26 uag 7.79 pg/m’
amdny) g hifidoddgmana Taoszau

msldsududaanuudulunaazyanaves

=

v
P EiATNgUANEING 5 uslndifoenuszay
o td' o o W ti' v d' 9
nuluwinaunmanludninauin hinedea
@ a 4 a
Aunsldassunidszmelulszmasaid (6

1 =] @
nag 9 pg/m)” uageniudaminFeululsGen

a19dandian hilideynin193195 (2.54 pg/m’)”

=

Y
UPNIINUTZAUNT AU Fuia e 1T U UGy

D.

[

asrnulueramaiasnguAnyIdInszaua

=<

aswyludmugsuouulungamwumunsaa
Yo = J ¥ 1A
185vinlet@osnoud sounanszuazuisn
sy luInn1aInouY 500 Asda 1.5-3 W™
vaurnszaums ldsududaens 1,310
= 1 Y] 1 =

mladulunaazyanaveseraainsnguinyn
A, UM a. JaInuas g, ¥l uaznquy

= aA Y A o
nfSeufey o, wauas 9. yarsua IndReany
uagannszauiagialdlueraidiningu

Anm . un e, ugawg uaze1@inIng

Seuiey a. vuedls 1. szees lagszaums
Yo [ @ a A AA [ Y
lasuduraans 1,3-imleadunnasiaialalu

Y v v
P1AANATNQUANEING 5 uHIAINITTAUN
asNuAUN 1a5ua1s 1,3-0m laduainns

9 H 1
wn g 138t 0.18 pgm®) wazluaunli'ld

Y
22 599919

qUUYAT lulsemadangy (0.40 pg/m’)
o ' v A @ Y o A (a oa
MnNszaUNagIIa 1A U995 193N TA
wihivunesnuulungunnumiuasegh 3.15

pg/mmz)

U = A
1.3 szavansiuuauluaea
= % [l A I [ ddyw
asuuzuluategrvaeaitluarisia
NNFINNVDIMITUTUUFUAIFI 19010 Ha
a 4 [ = =
N15ATIIATIEHIEAVAITIU U U I uIaea
d‘ 1 v 1 =
(M13°197 2) WuNIMIENATNANANEIUAINLAY
HazeMANATNGUANEI A, WIUMNANTTAL
= A Y A [
a1uusulwaoalnafesnu (193.19 uag
192.25 ng/L MWaR1Y) geannszauiiaiiniala
Tueiaidasnguifouiney a.vuoals
V. 52899 LA A. UAUEIT V. ¥aYys (120.41 uay
o ] <3 o
129.28 ng/L Muafy) 8e1a lspauseaveas
= A % L= 1
wuduluaeaveso @ diaINgUANY A NG
nfFeudien lifianuuanaedadidediagnig
ada Tagszavaswudulunoanairanylu
o T =R A Y A [ o A
p1eaiaTNguAnE A InaRenUITAUNNT I
wuludszarunaldnluldvianumeitesdy
Y
Asiuuduneludisauazyuun (200 uag 296
d’ Yo = d'
ng/L) uazauanui ldsuvaswuguannaaiui
Mauluseaunaingl 100 pg/m’ (202-210

ng/ L)”
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1.4 szAUnsANIIAiA (trans,trans-muconic acid,

t,+-MA) lutfaanz

@ @

I ddy A
a5 t-MA  ludaanziluasiyiani

=

ANUTUNIZADNT 1A T VA TIUUT U GT19n
4 < ¢ o~ A4
09010 £,-MA Wuensuumn Ty Taariianilan
a A = A Y 1
mavinmslasunlasvesa s udunig
FNMBLazTUo AN aa1Ie #an15AII9
a 4 J @
WNTERNUN 52AVV03 £-MA Tutladiizues
9
P1A AN AT NQUANEING 5 nquuazngu
9
Seuiiouns 2 nguiiaIndifesnu Tasszan
t,-MA TullaazNns19nuNA9gsEHI19 0.04-
0.08 mg/g creatinine AILAAIIUAITINN 2 B9
seau -MA  lutlaaiaziiasaadaldlu
Y 1 = 1 =) =
pradinInguAnynaznguifSewiien

Y o @ { v
Inameanuszaunasanylunguilsesing

v
Y]

'l ldun wsznazuud wnnEeululsaEou

[ [

1 o 7 A ] Yo
arevandavazauauludiinaunluldsy
o CY = é =) 2
FUATET IUFUTINTZAY -MA Tuidang
Y3119 0.04 11AY 0.08 mg/g creatinine’ HAR
P e d , 4
narszaunasawuluauluguynslu
v
NTUNNUNIUAT (0.24 mg/g creatinine) saumnelu

171520911 9. ¥a1j3 (0.18 mg/g creatinine)”™”

(Y] J

1.5 szAvaIsiuunuelan Monohydroxy-butyl

mercapuric acid (MHBMA) Tudfaanay

I 4

a3 MEHBMA WuaisuumIuladves
13 1,3-17m laduniinnusumzuaziniy
wiudrge gninnldlumsdszdums 185ues
a = d' 1 YA a 4
1,3-1mladuneuinléa nansnsindns e

NUI TEAVIRABVDIAIT MHBMA Tuilaay

Y
YDIDIAIANATNGUANEING 5 UnIuae
v 1 =} g’; " Y A %
p1maNasnguiTouneuns 2 unelndmeanu
TasiA1521319 0.10-0.19 mg/g creatinine (A5
~ ] < v
12) egna lsnenuszaunasrsny lualaaizves
dy d‘d g’; 1 ] (%
UYszINTNUNANYING 5 UHIGINIITLAY
d' It:; 9 2
MHBMA luifaazuesauaun lunerdoeny
Yo [ .. 11 '
ﬂTiUlﬂi‘]Jﬂ’J‘L!‘gﬂ (0.06 mg/g creatinine) 1§
Tndinsanuszaunasronuludszyrvunalal
HazunGeuluuSIUITIVTHUILUUVD S
NTUNNUNIUAT (0.06 11aT 0.12 mg/g creatinine

auaan)”

2. mssziiumansznuaagumnvaszring
2.1 52AV 8-Hydroxydeoxyguanosine (8-OHdG)
d
Turaadiamenvn
@13 8-OHdG  AAIINNIZTUIUNG
a U . . d' o = .
29NWIAYU (oxidation) MUANIUU (guanine
@ d o
base) vod1sHUFNITUMIelUaad vlins
o & . =g =&
NANYNUDLUUY G to T transversion “N!,ﬂu‘ﬁuﬂu
JluUUNAIAYVININAANNTINIGIINAIL
PONTWIAYY (oxidative lesion) UUAIITWUFATIN
9 dy [ 4 [ dyd
AUMATIIZAY 8-OHAG Tuisad @130 1asdy
[ Y
FZAUMIANUTGMONAVUVUAITWUFNT TN
v I A A Ao W o
18 nazilwnsestiondran lunisiuiennu
A a < Y v o W A
@osveamsinaugieldnnmssuduiaasnd
£ <3 { [
gnsaeuz3ala 15190 2 1aALTYAD 8-OHdG
Il A 1y A A=
Tuadilaneav1u90 1@ dIAT IUNUNANEN
Y H H
5 URIUAZAUNAILAN 2 UHI WUNTZAVINAY
= o
Y94 8-OHdG lugradilia@onv1ives01a1anng

9
NQUANYING 5 nguuage @ IdiATNgY
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Y
Seuiieuns 2 nquiia lndifesnu Taeszau
@13 8-OHAG NATINUUAITENIN 0.06-0.11/10°
= o s I A
dG H932A 8-OHIG Tuwadiliafonv1Ive9

dy A= dy A = 7
ﬂiZ“Iﬂﬂ'ﬁGluwuﬂﬁﬂﬂﬂmgwuﬂﬂ?ﬂﬂhhi$911J

'
[ v A

IndiReenuszaunasteialalulszsinsnli'la
pgluninunivanveimalulsuimge 1dun
asnmliaanuludninau 0.10/10° dG)”
] < [ 1 [
2819 1500 seaunaiiialaluilszainglu
dy d’d g’; 1 Y 1 1Y d' Y FY
WUNANYING 5 urafosnszaunastaialdlu
nFeuluusNaNITIsITHUIMUY (0.45/10°
13 2 o 4
dG)” wen1nl 5¥AU 8-OHAG nasdranulu
[ 1 =1 1 = = |
pradinsnguAnyazngufSowdien il
ANuuanaed NI isdnyn1sana wag luny
ANUFURNUTIZINTzauMms lasuduiaans
= a a ' Y
wuduaz  1,3-0am ledulunaazyanany

o < ] v o w
520U 8-0HdG Twillaideavnedeiiviodnny

aa X 1

dy Y1 = a
NNADE Y m%"lmmﬁmuwuaz 1,3-‘]J’J°Im]1ﬂ
=1 [ ] 1 Y Aa d' 1 a
@ulluu1ﬂﬂzlﬁlﬂﬂﬂ31mlﬁ8\1@]@ﬂ1ilﬂﬂ 8-OHdG
A g = =
mﬂugﬂgzuuwuwmmmmamﬂmm’mi

o

a g
UPNTTN A 1Y 1D

22 33AUNSUANNIAIEVBITIITWUENT I
(DNA strand breaks)
a o @
INNITATINNATIEHILAY DNA strand
] = vy a
breaks 1UIHAADAVIIAINANA Comet assay
TagIATe ALV tail length (TL) 1@ olive tail
moment (OTM) Y84eNTHUFNTTU A 1DU 1D V09
= A = 1 dyd o o
aaNARDAYI HIUFDITTAUMIUANITIANY
YOIATWUFNTTY WU 1A UATNUANY
A, WUANA (TL = 1.88 um uag OTM = 0.18

wm) A.NEYINE (TL = 1.83 pm 1ag OTM = 0.18

um) tag 9. Yaanuad (TL = 1.95 pm uag OTM
=0.19 um) 1152AVU04 DNA strand breaks Q’Qﬂ’h
sedufinsranulueraainsnguliswiioy
. ¥uedls (TL = 1.67 pm 1ag OTM = 0.16 pm)
tag 9. ueuaIs (TL = 1.67 um tag OTM = 0.13

um) Aaadlumsen 2 Tagsza tail length

=

11az olive tail moment NAsI9NV U 1A 1FNAT U

¥ v
= v A

d':ﬁ g}/ T A Y A [
WudAanyIng 5 udaliarlndifeanuszaun
asrvialdlulszanns i lildeglunsnand
wayeIMAlulSnuge (TL = 1.84 uag OTM

12 v A 1 [ % d' 1
=0.15 um)"” waz lwinEeuluwaaesandad 1
UMIIINVIRUMUY (TL = 1.28 11ag OTM = 0.16

13 19 1 v A A
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Factors Associated with Blood Cholinesterase Enzyme Level of Agricultural Workers in
Ko-Chan Sub-district, Ko-Chan District, Chonburi Province

Nattaporn Pluemchan' and Nitchaphat Khansakorn®
'Bachelor of Public Health (Continuing program) special, Faculty of Public Health, Mahidol University
*Department of Community Health, Faculty of Public Health, Mahidol University,

Abstract

The objective of this study was to describe factors associated with blood
cholinesterase enzyme (ChE) level among agricultural workers in Ko-Chan Sub-district, Ko-
Chan District, Chonburi Province. A total of 310 farmers aged more than 20 year were
interviewed. A reactive paper finger-blood test was used to assess ChE levels. Data analyses
were descriptive statistics and Chi-square at 95% confidence interval. The results of blood
ChE indicated that 79.7% of agricultural workers were at risk and unsafe level. More than
half (65.5%) of agricultural workers had moderate pesticide-use knowledge. Almost all of
agricultural workers (85.8%) had good pesticide use behaviors. Factors including age,
agricultural experience, family income and area of plantation were found to be significantly
associated with blood ChE level. Continuing monitoring for blood ChE, especially for a
lower ChE level agricultural workers, conducting pesticide use safety program, promoting the
organic agricultural and alternative use of bio-pesticides to reduce pesticides use are

recommended.

Keywords: Agricultural workers, Cholinesterase enzyme, Chonburi Province, Pesticide
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Trichothecenes: Hazards for Human and Animal Health

Samak Sutjarit”

Department of Veterinary Technology, Faculty of Veterinary Technology, Kasetsart University
Abstract

Mycotoxins are toxic secondary metabolites produced by fungi. One of the most
important mycotoxins is trichothecenes. They commonly contaminated in grains particularly
barley, corn, oats and wheat. They had been shown to exert a variety of toxic effects on human
and animal health, particularly at the cellular level by inhibiting protein synthesis and in the other
systems such as lymphatic, blood, nervous and immune systems. Trichothecenes are unavoidable
contaminants in human food and animal feed. They pose a major problem in the public health all
over the world. Studying their toxicity is particularly useful for prevention of harmful effects

caused by the exposure to this toxin.

Keywords: Hazard, Health, Mycotoxin, Tricothecenes
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Pace et al. (1988)

L‘Vi‘ﬁﬂ’lﬁ?ﬂ"l'i@lTEJﬂJ’E)x‘i!“]fﬁﬁl!‘UTJ?J%W’GWTV]G.B?{

(Induce apoptosis)
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Azcona-Olivera et al. (1995), Zhou et al.
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(1998) 1 Pestka et al. (2005)

131: Ramesh., 2007
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Developments in the OECD Genetic Toxicology Test Guidelines

Wongwiwat Tassaneeyakul*
Faculty of Pharmaceutical Sciences, Khon Kaen University

Abstract

In the past 3 decades, Test Guidelines (TGs) for testing chemicals have been
developed and adopted by OECD. The aims were to set the reference methods to be used for
research and development of chemicals internationally. Up to present, 19 TGs had been
successfully adopted for genetic toxicity tests. TGs development initially began with several
different methods, and later deletion of inappropriate ones, whereas useful methods are
successively updated. There are currently 12 TGs in used. The interval of updated time,
previously long about 10 years, had recently become shortened to 2-4 years. These may be
the results of advancing technology and speed of information. Furthermore, newer TGs often
suggested integration of genetic toxicity test with other toxicity test to reduce number of
animals used in the experiments. To practice research works with the OECD’s TGs offered
several advantages including easiness to understand and compare results with other
researchers. Toxicological researchers, therefore, should keep up to date and actively follow
these developments. In such a way they can accurately design the appropriate experiments,

with economic used of resources and sustainable outcome.

Keywords: Chromosomes, Gene mutation, Genetic toxicity test, OECD
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471 Bacterial Reverse Mutation Test

472 Escherichia coli, Reverse Assay

1983; 1997

1983*

473 In Vitro Mammalian Chromosomal Aberration Test 1983; 1997, 2014
474 Mammalian Erythrocyte Micronucleus Test 1983; 1997; 2014
475 Mammalian Bone Marrow Chromosomal Aberration Test 1984; 1997; 2014
476 In vitro Mammalian Cell Gene Mutation Test 1984; 1997
477 Sex-Linked Recessive Lethal Test in Drosophila melanogaster 1984**
478 Rodent Dominant Lethal Test 1984
479 In vitro Sister Chromatid Exchange Assay in Mammalian Cells 1986**
480 Saccharomyces cerevisiae, Gene Mutation Assay 1986**
481 Saacharomyces cerevisiae, Mitotic Recombination Assay 1986**
482 DNA Damage and Repair, Unscheduled DNA Synthesis in Mammalian Cells in 1986**
vitro
483 Mammalian Spermatogonial Chromosome Aberration Test 1997
484 Mouse Spot Test 1986**
485 Mouse Heritable Translocation Assay 1986

486 Unscheduled DNA Synthesis (UDS) Test with Mammalian Liver Cells in vivo 1997

487 In Vitro Mammalian Cell Micronucleus Test 2010; 2014
488 Transgenic Rodent Somatic and Germ Cell Gene Mutation Assays 2011; 2013
489 In Vivo Mammalian Alkaline Comet Assay 2014

a o 3 Qs: 1= o o a o ) 091) 1=
* gﬂﬂﬂmﬂmssmammmmﬂ 1997 Iﬂﬂ‘hﬂhlﬂﬁ’ﬂllﬂﬂ TG4T1, ** QﬂEJﬂLﬁﬂﬂﬁi“ﬂﬁﬂ\‘ilm’m\HMﬂZO14
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2. NQUIBNATOUIVY In Vivo
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Health Risk Assessment of Exposure to Carcinogenic Volatile Organic Compounds in

People Living Nearby the Industrial Areas, Rayong Province

Ormrat Kampeerawipakornl, Panida Navasumrit1’2’3, Jeerawan Promvijitl, Potchanee
Hunsonti', Varaporn Parnlob', Netnapa Nakngam', Supachai Choonvisase', Mathuros
Ruchirawat"?"

'Laboratory of Environmental Toxicology, *Chulabhorn Graduate Institute, Chulabhorn Research Institute,
Bangkok, Thailand

3Center of Excellence on Environmental Health and Toxicology (EHT), Office of the Higher Education
Commission, Thailand

Abstract

To address the higher incidence of cancers such as leukemia reported in Map Ta Phut
area and other areas of Rayong province. This study aim to study exposure to benzene and
1,3-butadiene that have been linked to cancer in hematopoietic system in people living nearby
the industrial estates in Rayong province. Study subjects comprised 313 healthy residents
living nearby the industrial estates in five sub-districts and 100 volunteers from two non-
industrial sites located in Rayong and Chonburi provinces. The results showed that
differences in levels of DNA damage such as 8-hydroxydeoxyguanosine (§-OHdG) and DNA
strand breaks as well as DNA repair capacity between the exposed and control groups were
not statistically significant. Exposures to benzene and 1,3-butadiene were similar in these
groups and this was confirmed by similar levels of urinary trans, trans-muconic acid (t,t-MA)
and monohydroxy-butyl mercapuric acid (MHBMA), which are specific metabolites for
benzene and 1,3-butadiene, respectively. In addition, individual exposure levels of benzene
and 1,3-butadiene did not correlate with 8-OHdG, DNA strand breaks and DNA repair
capacity, suggesting that these compounds may not be solely responsible for the increased
health risk in the study subjects. Other chemicals from the emission and/or other sources may

be involved. Further studies are needed to clarify the exposure-health risk concern.

Keywords: Benzene, Biomarker, 1,3-Butadiene, 8-OHdG, Risk assessment
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The Accumulation of Heavy Metals (Pb and Cd) of the Plant Family Zingiberaceae at
Srinakarind Dam, Kanchanaburi Province

Puangpak Promrungsri and Warangkana Srichamnong*
Institute of Nutrition, Mahidol University

Abstract

Indigenous plants and herbs have been consumed by local people in Thailand for past
decades. The use of these plants beside taste and aroma for the dish, it is also used for its
medicinal properties. In addition, the native plants are inexpensive and readily available, so
most of the users are not aware of some toxin that could present such as phytotoxin and
heavy metals. Heavy metals including lead (Pb) and Cadmium (Cd) can be occurred naturally
or from external contamination. The accumulation of heavy metal can be found at any part of
the plants such as leaf, root and stem. The aim of the study was to examine the level of heavy
metal in Zingiber cassumunar Roxb., Alpinia malaccensis and Zingiber citriodorum
which cultivated in the Royal initiative of Her Royal Highness Princess Maha Chakri
Sirindhorn, Kanchanaburi Province, Thailand where forest expose to minimum human
activities leading less contaminated from fertilizers and pesticides. Heavy metals content
were analyzed by Inductively coupled plasma (ICP). The results indicated that the content of
Pb in Z casssumunar Roxb., A. laccensis and Z. citriodorum were 0.074 + 0.012 mg.kg ",
0.025 + 0.001 mg.kg" and 0.127 + 0.01 mg.kg™" respectively. Considering Cd concentration,
Z. citriodorum had the highest concentration (0.057 + 0.00 mgkg') followed by Z.
casssumunar Roxb (0.043+0.00 mg.kg™), and A. laccensis (0.041 + 0.02 mg.kg™"). However,
the presence of those heavy metals were below Maximum Permitted Level (Pb < 1 mgkg™,
Cd < 0.3 mg.kg™) indicating that those roots plants were safe to consume. It can be seen that,
even the root plants are belong to same family, they accumulates heavy metal differently.
This could be due to the thickness of the plant’s cell wall and the location of plant habitat.
From the results, the content of both Pb and Cd in Z. cassumunar Roxb., A. malaccensis and
Z. citriodorum were considered as in low level, though they grow in reserved area.lt is
indicated that there are accumulation of heavy metal which occur naturally in nature. Thus,

they are safe for consumption.
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Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) for Tracing
Heavy Metals in Lipstick

Wikawee J antarasakhal, Choosak Poonsawatz, Rachadaporn Benchawattananon'"
'Forensic Science, “Department of Chemistry, Faculty of Science, Khon Kaen University

Abstract

Analysis of lipstick for heavy metals (lead, cadmium and mercury) by inductively
coupled plasma optical emission spectrometry (ICP-OES) was carried out. A total of 30
lipsticks from different brand categories sold in the local markets in Khon Kaen Province of
Thailand were included in this study. The lipstick samples were extracted with a
chloroform/methanol/nitric acid/water solution (50:20:15:15, v/v/v/v) at ambient temperature
for 48 h and subjected to ICP-ES analysis. The lipstick samples were free of mercury while
lead and cadmium were detected. Lead content was detected in all lipstick samples with a
concentration range of 1.991-19.186 mg/kg whereas only one lipstick sample was found to

contain cadmium (0.035 mg/kg).

Keywords: Heavy metals, ICP-OES, Lipstick

Full paper on page..... 89
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Effect of Thunbergia laurifolia Lindl. on Efflux of Organophosphate Pesticide

Wanna Sirisangtragul’, Thanapong Phuybuakor, Kunita Onlaor, Kornpira Siriwes,

Ploypailin Kaewboonruang
Forensic Science Program, Faculty of Science, Khon Kaen University

Abstract

This study aim to investigate the effect of the aqueous extract of 7. laurifolia Lindl (TBA) on
P-glycoprotein (P-gp) and malathion efflux in everted intestine of male Sprague Dawley rat. TBA at
doses of 0.5, 1.0 and 2.0 g/kg bw were orally administered to the experimental groups and distilled
water to the control group for 28 days, respectively. Then the ileum was collected for everted intestine
preparation. The efflux of rhodamine 123 has been utilized for selective measurement of P-gp
activity. Subchronic exposure of TBA (0.5-2.0 g/kg bw) increased P-gp activity in everted rat
intestine when compared to the control group. The activities were increased to 1.9 times in 0.5 g/kg
bw of TBA treated group. However, P-gp activity was dramatically decreased when increased
concentration of TBA. Furthermore, the induction of P-gp activity in TBA (0.5-2.0 g/kg bw) treated
rat was not conformed to the excretion of malathion, according to the inhibition of malathion efflux
has been observed in TBA treated groups. The efflux rate was significantly decreased to 0.78, 0.24
and 0.54 times when compared to the control group. Our finding indicated that the induction of P-gp
mediated transport activity may participate in the efflux of toxic substances and poisonous, but this
modulation was not related to the efflux of organophosphate pesticide, malathion. Otherwise,
modulation of P-gp activity may not contributed to antidote effect on malathion toxicity, and

mechanism of P-gp induction is needed to investigate in further study.

Keywords: Malathion, Organophosphate, P-glycoprotein, Rat, Thunbergia laurifolia
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