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THAI ENVIRONMENTAL MUTAGEN SOCIETY

As the vice-president of Thai Society of Toxicology (TST), the president
of Thai Environmental Mutagen Society (TEMS), and co - chair of The
1% National Conference in Toxicology, it gives me much honor and
pleasure to convey my hearty welcome to all distinguished speakers,
guests and participants on coming to the conference at The Twin Tower
Hotel, Bangkok.

It is proud to announce the meeting has been agreed to be coopera-
tively annually organized by TST, The Thai Society of Clinical Toxico-
logy and TEMS. The commitment is to bring together the best minds
and latest knowledge in various aspects of toxicology for achieving ex-
cellence in education and research of the country. “World Perspective in
Toxicology” as the theme of this first national conference in toxicology is
what we have to catch closely.

Environmental mutagens are known to be the genotoxic substances that
can bring about the negative effects to human health, ecosystems and
food chains. They so must be in a great concern for avoidance and
protection. TEMS has been established in 1979 from the leading of
Professor Dr. Sumin Samutakupta in gathering the members whom
attended The 1% Southeast Asian Workshop on Detection of Environ-
mental Mutagens, Carcinogens and Teratogens. The society has run a
number of activities locally and internationally since then. Regarding to
the mission and vision of the society for stronger operation, we pro-
posed to jointly work with TST especially in organizing the conference.
The one you are attending here now is one among several others.

While joining this conference, hope it will bring you more brilliant
ideas and result in more linkages with each others. Besides, will look
forward enthusiastically to your participation and support to our con-
ferences always. Thank you.

i

Professor Malyn Chulasiri, BSPharm, PhD
President, TEMS
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Metabolomics Screening for Toxicity-Associated
Biomarkers and Disease

Frank J. Gonzalez

Laboratory of Metabolism, Center for Cancer Research, National Cancer Institute, Bethesda, MD, USA

ABSTRACT

Metabolomics is the study of changes in the population of small molecules in cells, tissues and
biological fluids such as serum and urine. Metabolomics, using 1H-NMR, has gained prominence and
been embraced by the pharmaceutical industry as a means to predict the potential toxic effects of
drugs using animal models. For example, a chemical is administered to rodents and urine and serum
examined for the presence of metabolites that reflect organ-specific toxicities. Metabolomics can also
be used in human epidemiology studies and clinical trails to assess drug efficacy and toxicity.
Recently, mass spectrometry, coupled with liquid (LC-MS) or gas chromatography (GC-MS), is gaining
increased use for metabolomics due to lower costs and more widespread equipment availability as
compared to NMR. MS-based platforms also yield higher sensitivity and throughput than "H-NMR.
However, in contrast to 'H-NMR that gives the structure of each metabolite, time-of-flight MS yields that
exact molecular mass and the structure must be determined by additional experimentation culminating
in the comparison with chemical standards. A major breakthrough in metabolomics platforms was
development of ultra performance liquid chromatography coupled with time-of-flight mass
spectrometry (UPLC- TOFMS) that yields high-resolution metabolite separation and exact mass
determination of compounds in biological materials. The UPLC-TOFMS data are deconvoluted by
various multivariate data analysis software such as principal components analysis (PCA), partial least
squares data analysis (PLSDA) and Random Forest to find differences between samples. To study
xenobiotic metabolism and toxicity, test compounds are administered to mice and serum and urine
examined by PCA for the presence of the parent compound and its metabolites that are not found in
untreated mice. Metabolites derived from the drug as well as endogenous metabolites that reflect a
drugs biological activity or toxicity can be resolved. These biomarkers can then be validated for use as
sentinels for exposure to toxic agents. Metabolomics is also being used to search for biomarkers for
various diseases such as cancer and metabolic disorders including diabetes. This can be
accomplished by use of disease-inducing bioassays in mice and by directly studying, both
retrospectively and prospectively, human patients and controls. These biomarkers can be developed
for use in early disease detection and for determining the efficacy/ toxicity of therapy. Finally,
metabolomics can be of value in human genetics and response to drug therapy. This area has been
termed pharmacometabolomics. Various examples of the use of metabolomics in medical research will
be discussed.
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® Mouse bioassay
® |mmunoassay for toxin
® Polymerase chain reaction (PCR) for toxin

® Culture for Clostridium botulinum
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Immunoassay for toxin
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Polymerase chain reaction (PCR) for toxin
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Culture for C. botulinum & biochemical test

funsmnzideluninylfeentiautuevnsiasaderisiae  uastinllAnendandineaden fifeuesndn
Huriinlednass fetaidanmnsde Wy GELUEH tidnatias 1ise swab anuua mswizda C. botulinum

aunTn e uEaLlaesile 48 dalus uazmanuNanadaun1siaile 7 Ju

NTAUATNHN

tonndrdnyredibeluyddume  nmadumalauaznismela  Wasangiedlaniafadidnuaznis
weladuimanlidng nisguadneuuulsrdudsspasaailudamdAtyunn duseuaenisgualsenauisil

1. Usziliumaiaumngla (Airway)
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2. n13mela (Breathing)
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3. nsaansddlenansfis (Decontamination)
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TsAN=AINE1SLALASIANANTwW (Tetrodotoxin Poisoning)
(lsparnnisnudanilniidy ¥sawNIAneLa)
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AnnalsA

nafialsaieanansalaslanendy veamdnendu Haangieniuds ’ﬁwﬁﬁmﬁwﬁmﬁﬂuﬁjw@g And
Fnugnsfiaiiail 1dud

- pilndisrinaauastindy

- MegUNNTUA (Japanese ivory shell, trumpet-shell)
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3 nanuieseuulaeiall sudenduilerasluntiiuazae (bulbar palsy) Waznauiilanis
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1. Tealuy@du (Botulism)
13A Guillain-Barré syndrome

2
3. Myasthenia gravis
4

Lambert - Eaton syndrome

1% National Conference in Toxicology 17-18 November 2008



Thai J Toxicology 2008 27

5. Rabies

6. Tetanus

7. Tsamasunwauainanseasnilunaanasa (organophosphorus) WazAFUNNA (carbamate)
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Mushroom Poisoning
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1) Hepatotoxicity
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Fungi: uinlunguinianiunne Amanita phalioides @afialsiiflunuidndinululssmalnevizelal usdluilszme

Inefiinlunguilia Amanita verna waz Amanita virosa. Wi “Wingelaniin”
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Toxins: cyclopeptides; amatoxins

Clinical effects: delayed onset (6 hours or more) of gastrointestinal discomfort, followed by severe hepatitis 1-3

days later, jaundice, hepatic failure, and acute renal failure

2) Central nervous system toxicity
Fungi: Gyromitra spp., Discoitis spp.
WinaIUEN
Toxins: monomethylhydrazine or gyromitrin = INH-like toxicity

Clinical effects: dizzy, nausea, muscle spasm, and frequent seizure

Fungi: Psilocybe cubenensis, Psilocybe spp., Copelandia spp.
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Toxins: indoles; psilocin, psilocybin
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Clinical effects: dizzy, altered perception, euphoria, psychodelia, hallucination, delirium, fever

3) Autonomic nervous system toxicity

2 1
oaa o a4

Fungic  Winlunguiintideidasfsniuaie Amanita muscaria 3¢lintlutlszwmalng usazidudin Amanita
pantherina %78 “\fiANRAAIL"

Toxins: muscimol, ibotenic acid = acetylcholine inhibitors

Clinical effects: ataxia, disoriented, psychodelia (psychic pleasure), anticholinergic syndrome (dry lips, fever,

flushing, urinary retention, increased heart rate), seizure, unconscious

Fungi:  Inocybe spp., Citocybe spp.
Toxins: muscarine
Clinical effects: Muscarine rarely cause medical problem because it is heat-labile and not well absorbed. The

effects are hypersecretion of several glands such as lacrimal glands, sweat gland, and salivary glands.

4) Disulfiram-like toxicity

Fungi:  Coprinus spp.

Toxins: coprine

Clinical effects: When ingested together with alcohol, the patients develop flushing, heavily breathing, vomiting,

sweating, unconscious, low blood pressure and shock.

5) Renal toxicity
Fungi:  Cortinarius spp. wuldn1snialfaasdszinelng
Toxins: orelline, orellanine = dipyridilium-like toxicity = tubulointerstitial injury

Clinical effects: delayed onset (days or weeks) of acute renal failure

6) Non-specific gastrointestinal toxicity
. & D A e & Ao a ~ WMo Yo 2 a @ A A A -
Fungl: mmmguw,ﬂummwmmmuﬂ’mﬂuwwmﬂmgm Ll,mvl,uﬂaﬂimi_m’mxummummmm NTATRINEUNANARAT
P Ao & X Lo 8 v aa
LUANAINAIANITTVENTIUNA memmmmumiuwﬂmmmm
Toxins: various and not well defined

Clinical effects: acute onset (less than 3 hours) of nausea, vomiting, abdominal cramps, and diarrhea
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Toxic Gases: Asphyxiants

NA.UN. ANNY TaNane

APTNTANARST AT ULATAIAN ADIZUNNEANART AFIVTNENLNA NUNINLNALNTAR

Asphyxiants ummﬁm@jmmﬁ”wﬁﬁﬂ%ﬁmmqmﬁm@@ﬂ%mu (asphyxia) asphyxiant gnuisaaniuass
ﬂzﬁmwﬁﬂ Taun Simple asphyxiants Wag Systemic asphyxiants (‘1/1?‘@ toxic asphyxiants 138 chemical asphyxiantsf

Simple asphyxiants uuﬂﬂﬁqmjmmﬁ”mﬁﬁﬂﬁmmﬂﬁ'mﬂmﬁﬂﬁmwL%mium@qﬁ”ﬁen@ﬂn%L@uﬁ@ﬂﬁﬂﬁ
adanelusneneandiald  simple  asphyxiants @@ﬂqmcﬁrﬁwmumuﬁﬁ”w@@ﬂ%L@uslummﬂﬁﬂﬁi:ﬁumm
duduresieeaniiaulueniasinindang Tmﬂﬁ”wﬂzjuﬁmuimy”l,ﬁﬁqmélum@ﬁﬂﬁﬁmm%ﬁ‘ﬁm’@Lemﬁ wn
ANLdNdUaag simple asphyxiant z};\a’%m:ﬁumwLﬁm%’ummmn%mu‘lummm:@lqﬁ'ﬂm LAZNANTENLLAYANIT
FRTELLFINGT TuannEazINT @f‘fmﬂuéwmﬂﬁiﬁﬁmm@m:wumﬂﬁ'@mmnmﬂﬁWﬂ@ﬂ%wa 1Aun szuudszann
daunanauazszuniala Awifg carbon dioxide Rinnuidadugeanaeanguinmszuulizamnans e
amsdasinasdag’ ngulszansfitipelhrenaresnsdudatnanguifnnndnlssanang Hun diataszuy
wlauazsruumaiumiala wu lsanasndenialanuuazlsageanienes

ﬁ'm?h\‘i“n@\'iﬁ”ﬂsﬂuﬂz\jmﬁ 1w carbon dioxide, nitrogen, acetylene, ﬁ”ﬁem,%mwad i methane, propane,
butane WaANTIAAE 11 helium LAY argon finalungw simple asphyxiant Fanua SR ild wanannii carbon
dioxide 219@¢luan1uzr8989wl IugﬂmmﬁmﬁqLLﬁﬁ\ammmixLﬁmiﬂLﬂu carbon dioxide 6 finguneaiing
nAu Ty acetylene finaundensudion (garlic-like odor) Lmzmjmﬁ”m%mwaq anafinaundnainudlindan
aounsafiflunnudeasanisfiafisann simple asphyxiants MAuA Aidunnne (confined space) uay
anUNNIRNs T VA Teei T8 R (compressed gas) m%‘wﬁ'L?ﬁlmﬁiﬂmq:ﬁwmﬁ”ﬁsﬂmﬁuﬁ 1A n13nwmies, nng
uga, tnszani warnsldiudadaiednmaiiadsznevannvitenisudiiu’

ANTUKINTBNBINITUARAIAINNIEAE simple asphyxiant %u@guiﬁm:ﬁummLﬁi’l’u%mm@@n%mu'lummﬂ
Tuannenfnszduima avilanududureseendiautszanns 21% mnAnudidugeseendiausnndn 16%
filaeianadsliuansainis fiannudaduaeseandiau 10 - 16% axildnadnasuazsmsnismnelaga uazwileedne
u Aesaduduseseandiau 10-16% a1ailennisrauld an@eu fane lactic acidosis AUaW N1s1szanUaeq
szuunapdedlmiainfuaznld wnszduaudidureseendiautennin 6% filenaunnafetuRLUNAY
uaz@edan 6

nN9ataduNIEAEann simple asphyxiants Mnlagainisiazainisuans  dsedmniafuduia simple
asphyxiants m?mq@m\ﬂﬁmﬂﬁﬁﬁmsmwwmzﬁmﬂn%Lw‘lw,a@mm\wi’lﬁ WAzN19Y lactic acidosis N133NEELae
AINNNENE simple asphyxiants ﬁﬁimﬁﬂéﬂqm@ﬂmnﬁmmﬁﬁmﬁmﬁ@ simple asphyxiants TnegUfiFau
Auflugesdinstlesiunisfududaatinamunzan mwﬁma?mﬂﬁ@@ﬂ%muuﬁéﬂqmwﬁﬁmﬁﬂ WNAAR WAz NIzay
aanduluAensn nnatlasfunnaAnAN e simple asphyxiants vilaanednlsteendiauadulunisvinenslui
AURINA

Systemic asphyxiants ummﬁqmjmmﬁ”ﬁeﬂﬁﬁﬂﬁﬁmmqwﬁ@ﬁmm@ﬂ%mu Tnefienanvneladng
ANdiNTesinTeendiaulusrAuLng %ﬁﬁﬁ"ﬂsﬂumjuﬁ@@nqméﬂmummmim ﬁq@mwmﬁ”ﬂsﬂuﬂ@jmﬁ 6un
hydrogen cyanide, carbon monoxide WA hydrogen sulfide. Systemic asphyxiants LmeﬁmﬁﬂMﬂmi@@ﬂqWﬁr

WANFANTILRNI LA
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Carbon monoxide

aangMslaen1sduiL hemoglobin ¥inliAin carboxyhemoglobin awinlWeandiawduiy hemoglobin 15
anaskaznlnReuALdEANaINITn unNsTudeandiaulliedaasing uanainiigewinli hemoglobin N4
Aueandiaunda luitdeseandiauliuiiledioss) wsane (An leftward shift of oxyhemoglobin dissociation
curve) wazdugannsnineuaeaeulod cytochrome oxidase Tamalassinaesnszuauniavanell  vinliine
NINANIBAINNIINNA U AaNULUL IFaaNTIauaAas carbon monoxide WiAaInnszLaunsmn i lianysnizes

a = 6 . [~ (2] -dl 1 aa A . 1 = 1aa =l QI el

an38uviae] carbon monoxide Wlufn#NlidAMANTRFEY (warning property) na1aAe WA laifinaw waslifing
3TANELLAEY WBNANY carboxyhemoglobin azaanefadn lnadAezanaitszinn 3.5 dalue drgthemelalu
amAlnG  anInTiidesan1zWEaa carbon monoxide MAuA niaineuluanasinisldinTasausnasaw
Tlnnden wazananiaszuea1nA W Inasnldanan anAseansnaws wazdnuaniwas *

o Ao o . o = A ! = o a N

giloanduia carbon monoxide N nstanAsee AaUlE doumas duau uar 21AaNNS Tunsiinguwe
anafindnuazuNagsls  wananiflasenalennisiduuduntinenainniazndnuiierinlainaienls  szdueq

carboxyhemoglobin TuaeAa1ANAMNANALSTLAYINIULINTBIBINITUAZTDINTHANY AIUARS AT 1

We9a1nNeInNng WATeINITLARS AM519%7 1 anguaneiusysuAffuandsininaduluaes

PR9INIEAMAIN carbon monoxide A zAU Carboxyhemoglobin

a9
o o/ aa o/ £ o/
ANTUZRNNZAY  NTdasulsafaganAe (%)
nnggedeainainis  1UsedR  nsdsznau 5-10 nsviundudauianaianiniu
@q%w M?j@a;ql,mmﬁ’@u LL@:ﬂjgr‘jﬁﬂq?ﬁEj 10-20 Luﬁﬂﬂdqﬂ%u @@ﬂﬁqﬁqrnﬂiﬁﬁﬂﬂ@\i
& neTadnefusand T 20-40 tndsey Aawld uaw
KWulaanednanuiauaae  NNTEREWNIg
Aadanlaan1sdinsziu  carboxyhemo- 40-60 AUAY TN NNAAR
globin liAen@als¥d carboxyhemoglo- 1NN91 60 @eT3m vnladldsunisinen

bin guaundnAng luauinfen carboxyhemoglobin HszAulaiiu 5% waz10% Tuaudllguynd wasguiyvs

ANNANGL  NATNGLAENIYEIZENNURINNIE N carbon monoxide AWA NziapAsHEEes ANnre1sNainalnG

ANNANRALNG WaZNN9ZNFIUEY

nainmgihgainnmnziie  carbon  monoxide  MlagindiueanainiFuniniduta  carbon
monoxide NM3inEAaNIsIaandauANdnd 100% wngiaavdonliisenianidn carboxyhemoglobin 159
X LR D= = o Y . 2 o o o
ulpeazanAmsaan livaalszunm 60-90 W nsfnEARE  hyperbaric oxygen AaNNIiNENAaang L
aandiauauidude  100% naldanuau 2-3  WihaesanuAuLTIEnNIA Az liANATRaNTad  carboxy-
hemoglobin Waalszanns 30 w9 wara1aansRmNITiaKad1ANIzazaNaiiinaInNNE carbon monoxide
aelafinnn falaiiudngumanisunndinesnalunistiugudn hyperbaric oxygen therapy daeandnsINRANA
daiAeNsyezeed WHHAATY  waznnsinEIfaY hyperbaric oxygen W laRunwsuanalunnisanenuna uazena

rﬁmﬁwﬁqmmﬂ@@mﬁﬂuﬂmmﬁ@uﬂ”wt;iﬂfm uazHAtN9ALNTRIN1ITNEAAE hyperbaric oxygen Wiy N13dnsiae
Hydrogen cyanide

auN3ngnaATNdngsenIaetemaEInImILABeIsuaznaN1snala  cyanide @@ﬂqw%r‘ﬂmﬂmﬁu
fiu ferric ion lulaulmsd cytochrome oxidase FainlnsrLaumnALeAaNuLL Faandiau (aerobic metabolism)
134 mitochondria Qﬂﬁu{%\i danalidanieinszusuninumueagnuuylildeandian (anaerobic metabolism) il

UsrAninimanlunisairandanu inlimadluswniarandany auedazdrdnysne @awid wasiianiag

lactic acidosis. Hydrogen cyanide iluansianuziiluzasnas wisafinandnisldetnsunsnaislugnamnesu
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cyanide AlEFuNNseBLNedTindumilen bitter almond Faulen 40% otz annsvintuiamsasunauille A
hydrogen cyanide @1aiinldiannn1suaninae cyanide funNIm %aﬁmﬁmmnqﬁﬁmq vidansuand limanzay
wanani A hydrogen cyanide anainainnisinludnanasin, audnd viaansdansnzeisine andae anini
Reasianiazivaes hydrogen cyanide lAunnsqulany (electroplating), NsuaRluasY, NFATALIMBILAZRY
UaZ UnNAmINGS

AINNTUATAINTURAS  LTAIINNIZINANAINUTRIaNaILAaz T lailuuan ”meﬁmmﬂsiqmmﬂwﬁ
amstlansus Aauld a1@au nszdunsydne Tusefiennnsunn enafennis§uuiuntien Anudulafinm szuy
nsluaReudnmas Anmviaenilunsauuuuansn (lactic acidosis) 4n nuags wazugamala Taaeinisena

a X ' @ o o o = o 2 aa A . 25
Lﬂﬂ”ﬂuﬁq‘uLLN@ﬂ’Nﬁ"}ﬁL?QV@\?H’]?@NN@@’]?W‘H LL@:Qﬂqammmmm‘LuLfamLﬂuuwmmu

N159RAR8 Nz cyanide $i1a1nNeNTTAENN ININZRINNTRATEINTILAAITarATE TUANNZReN1NE
Wicyanide nN13Riladefedadenisasdaaindeyaunilsznis iy aan1sreenisIIneendiauluedaazuaie sy
ANINIIATILATIULIILDINEAABING  UaziszdAn1aviney uananiinisdiadesinldainnisiiadeusanisaues
nazdeadlunsaluLLan@n (lactic acidosis) NTATIAsEAL thiocyanate Twdsauazildadnay wazn1maadnszay

. = o A aa | A o aa o Wy ' < | Xy
cyanide lwden (0.2 ulasnfuw/Aadans) anadaetiudunisitassls adnelsfinunisamamanildinainsauiu
wazarlinaliiuvinaisianisdtiady  ielinnsinwdiles  Awlunisnsadessiu  lnamnsadiasziinglussuy
waaALaaAAI (venous blood gas analysis) uarnudndauzeseaniiauluiliuings enadudeyaiiessunarinllg
nsaladauaz SN 19iuiaei’

mssnwn  Juigannaeiy cyanide vinlaeindihseanainiFouninisduda cyanide windnng
udlaunieianiiapsyinnisdneiiondsdaan wlss uazay riinnsdudaniein aasldnieinudaananuingiue
(activated charcoal) fogl a1afansaunliaandiauungilaaseninisdn vunas waslisviueandiauluaensi 4n
gFuNE Neandasdiunan daunnilanelifiinnnae methemoglobinemia léunA anamyl nitrite Waz sodium nitrite

X . o , _ . 4 e 4.
N1 methemoglobin WYNNEDN N1IEN hemoglobin Tudaaanuasungdu gmﬂmluslm‘ﬂu methemoglobin G4aL
i cyanide 18 uazendauinaes 1dun sodium thiosulfate Taisanisilasuutlas cyanide 1iflu thiocyanate @aazgn
o ' 5 o A A a £ =< o o . ¥ . 78
duandnienieln’ enfuieengiianieneangnalaaniesduiy cyanide 1dun hydroxycobalamin
Hydrogen sulfide
aangnalagnIsdugdeniainauaeseulad cytochrome oxidase 'l mitochondria iuiAeiy cyanide #
o P E X0 a £ & LA A a o
szdupudnduluenia 50 ppm aull wenaniflngnasraaiAessiaiEiaym uaziiayniaduiala (srdu
pndindulueania 10 ppm awhl) e hydrogen sulfide lufinaifinlunusssuaiAannisteadanadng

'
a 6 aa

Buvadsing nRAwedwdudoutlszney hydrogen sulfide Hnduwidiaufinglan Gannsndanlinsziunann

v
o '

windumaws 5 ppb 2l endnfiidessaniaziEaes hydrogen sulfide Taun nsinaululsanautllnndey, wles
ws, Uaded, Tesamumanmis uaztieezvizedalfna’
fnduiafing hydrogen sulfide a1aldnaulugaausniszauaanidudusiaus 5 ppb usinislénauiiananun
Tlilanandiiulyl msnzszdu hydrogen sulfide 1g37u (>100 ppm) andsngnisnd olfactory fatigue NzALFaUs
X o q v a & LA a a v
10 ppm AulivinlfAansszaaimassataymuazniaiuiala  waziinniaileauan (pulmonary edema) 14

gl N3zt 50 ppm 1wl A lFHAALINITLALEINITLAAIAINANNTINANAMNLIBIANBILAZTR 1A WAL UA9E

'
=K aa

Wean cyanide Wasanfing hydrogen sulfide in1sgaiinfianienismala fandassatanunafatnuasunau

N153RARl NRTAE hydrogen sulfide 1nlAaINEINTI2ANLARILATANTINARENTIAULALUNGY, UszdR

NINULATNNINAseuenlsAIaIN9y lactic acidosis wenandnauinglaniainsadilos anmalauaziden

1% National Conference in Toxicology 17-18 November 2008



34 NnsansREANenIng 2551

aegilae anadaeduueiianisdudaning  hydrogen sulfide N19MIaszAL thiocyanate lwdanuazilaanas lunis
paaneiesdirnisienataeitiadaniqsivantd ethelsfiniunistiudunismtiadesinlnanismsaan hydrogen

sulfide aNAAAWRWILS

n195nEn Hilaeainaazite hydrogen sulfide vinlaaingilosaanainusnaminisduda ananansounli
panTauunglaeseniniedn wueah war Hszdueanfiaulu@ens A miuenfuinraiunsaldgaandune

cyanide Inaldiannzdaunnelfiinniaz methemoglobinemia 8 &1 amyl nitrite uae sodium nitrite®

/51

Q

Tunsguagilaeainnstdl inhalation injury NsENfen19EiEaINansNgn asphyxiant Lugenauun

- acm o o a oo - ~
waznsienguiliuiannulfiaseluntl]d Inenlidenisuazenisuansidnmiy udilniziivuneiind
o w@ ¥ o o o > Y a2 - 8y vy @i oA = & A aa o ~ Yo . 2
Auudeslafunisineannizfasensuiy daunndagldinendiae fseilatintiewiedtaduniosismiulfiing

1 < o é’ % 1 o v NIA o % U a o

agelafimundniiugin  iun  nanddtheeenanimifiameg  nisfnmdeenisiiesndiau uaznieinmm
szAuilszanaminennig Tuunansal Wunsaldnanadull (smoke inhalation) @aiAululllsdnin1nzfwesingls
At vidannndmiketafeades Wy cyanide, carbon monoxide, carbon dioxide wArA1IEAW 7
wanwieainngu asphyxiants 1 a195zANLLABY @1aiANEINALNd e ldFufaIn carbon monoxide
- . o aa a , N2 . v Y 9 o a o
190 cyanide AnEUENINAAENUNUSENaTTLNTTN cyanide i nnswnaladn Iwastn uaz Aausulatingn

= Yo ' a . 6
mwuimummﬂuquwmm cyanide

LANA15D19DY
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Irritant Gases

UN. NEINH lanag
NPITNTANARTYNLAU

ANLIRUUNNLAIARTNIUNNNUUAT LATITINENLNA

wialvangrdaneliiiadunsasanyedluansiaiy ludouiiaznaniaufaniniinanisszanaihassie

\aypne] Rauls nadunala uazian

Acid- or Base-Forming Gases
o Yo o | @ A A | , A °
wianazanenlén dnazazaisetiesamdaludiodlan (mucous membrane) e WEAYAY AIAD YN
WAZAZHBINNILA 1 WALAN WALAYN LALAD ATWAY WyNIne LAty udsandudautauanluilanazane
i lFanan’  winduldAesnunieaUIeImNGAunglagauane [ vienaenankazilen  adelsiniNanLy
do o dy da
F2EZNANANNA Lazan unsaginganizrniduan unile
D e e e e d ¥, da o o - . L
wivndudatuuwianazatetnldliunane  eansinafazialdvaniamumnglagouuy  wavdauans
¥ o 2
WIaN°)

fhdudanuuianlireaaranan filvasinldAssiiainissyaaimessanamumsladouuuuayan windu

Henreamnanuingludauananinndn wu deauaudn (pulmonary edema)’

A. Highly Water-Soluble Agents
1. wanTaide (Ammonia: NH,)

'
o o a =

o Wuufadnaugu suiudean igndudasuesnaniduden wenlubloazansunldnunn THiludiedm
N

(3091 ammonium hydroxide ( H,OH)

o

o neduda : uenludailuansninisldlugaavnssunaneeting iy Mlunswin iy Mdnandng
suifiauazwanasin’
0 2MNNFUATBINITUAR
= 10§ va o o H i e v T a = 1
= weanludaesiiniiiedunsme widalauiaznanaiiusaidandeuguuss Auudnaiiaaua
49 11 61 Twn 81A8 MasAAN LATRIMINNNANTUEY TNaza N IRALNRAILELIN

= Pulmonary injury

'
= v

o = Y = o o ai A . X

v u@ﬂmﬂimuu@ﬂmuﬂLmeVlmm?:Nm:'Nmanmﬂ'a life-threatening upper airway and tracheo-
bronchial damage T9aziinulélunanieeliiud vy draududu 2500-4500 ppm a1ann 1
@edanldnnalu 30 W usdn 5000 ppm Aazin linisunaladumanlfatneaniia’

v uenludisannudndugeinazinliifaiymseniadumeladouuuninndtienaiiiesan 3 aed-
dsznausnaiuma N19Liin bronchoconstriction’, N3gednaasuiawan i BadulunfifsauLon

a 7 a H a 1 @ 8 < YR e

maduneladouun’  uarnmisiianisgaiuamiasumglaetnmnge’  azmiulddndiaanlag
wigaNdnduguinaziineIn1sues upper airway obstruction wiinieudsimeilunglaalad

¥ = o -dl VYar 23 ¥ v °I I 1 o [ =
nazwnsndaunisdanias  Weuiumenldfuuiannududuniusuiundt  nauldrAesd upper
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airway obstruction WAN severe burn MaBRA tracheaobroncheal tree KATANIZUNTNEAUATNNIAD
obstructive pulmonary disease.
= Cutaneous Injury

v UniRaurladan epidermis flu lipophilic barrier @unaztlasiuansiflu water soluble & s

=

ammonium hydroxide LilusaunIaLia saponification il epidermal fat udainaaulilg dermis 7
Lﬂuhydrophilic 17NN91° NNINNANTeY lipid 1 cell membrane 1#iiAn liquefaction necrosis AN
AR deep penetration E4nanugnsiiduselnunlinnazfnudunduazdnaennndn’® fasiiy
nsdnedaatnetafenealiiieane avssedngdansos
= Eye Injury
v dlfFsusieanistes) 1y uaumn dienlua Awes palpebral edema, blepharospasm, WAz
photophobia 1ﬂ@uﬁﬂ®ﬁﬂﬂiﬁquLLiﬁuﬁﬂL‘ﬁu atrophy U84 iris, cataract formation, signs mimicking
acute closed angle glaucoma ?ﬁ\‘iﬁwumﬁﬁﬂﬁé’ﬂaﬁmm@miﬁu’w
0 N135NE
a o A a @
= Futhesnaninawmg laaisangs
o o v awy v Yes A .
= UTnundensuauieu Wiaesmein liunngs wu fn uaziantia
= uasunanng ABC Fuldviedosunela windiloaEuiennsues upper airway obstruction 1 stridor,
hoarseness of voice.
= fwienens iy Iianeendiaw, Wienbronchodilator, 111 chest physiotherapy tiaer] lusaninng
fniauuAzUgAasnIeEiayieuaananNiIn N3 nebulized heparin azdneadn intraluminal clots UaY
14 o v ) o o o &
casts" 2u1pn AR 5000 units/ml, 1 to 2 ml 9N 6 d7Tug analfsanriu albuterol, levalbeterol, LaZ/4158
ipratropium 1alKldiunm 3 D 8 ml TnenAazlaueinisfauvdeaaundnaziiiu bronchoscopic
X . o o v . . ~2 My o A Aa | A o v a
airway healing &5un1slt inhaled corticosteroid lunsiiililfanens@edan uianagannliiin
morbidity 8nnaw'> "
»  uealudannnislay ammonium hydroxide dnaziilu partial thickness wazsinldfasna skin grafting uA
UHA ANUFNLNAUNAYNW $9uAUTd topical antimicrobial i silver sulfadiazine. '

a A a v @ A v v H ' - . o PN = 9
- ﬂqﬂtﬁumqﬁ‘uﬂﬂﬂ@qﬂvnﬂmLVIE!SL‘ML?'] LL@:S‘LI@’NMEIW]L‘JJ@’] 78 normal saline Iﬂﬂqﬂwqﬂimﬂﬁq 1530}

¥ ' £ = = o a . . 9 ' 13
AYTANNRENNYRE 20 W UTRIUNITAT pH LTI conjunctival sacs 1agnan 8.5

2. ARRTINY (Chloramine)

0 nakuf: ufdraemiiuldannnnInanssnineEsindns AndiunantesnasIu (bleach: NaOC!) Wag
wanTHe (NH,) wisanniunseiiufazuandaflunsalalnsnaesa (hydrochlorous: HOCI) uazilungs
lalnsAag3n (hydrochloric: HCI) ka2 nascent oxygen (O+) AILAAS IUANNNTAIUAN

" 3NaOCl + 2NH, > NH,CI + NHCI, + 3NaOH
" NH,CI+H,0 2 HOCI + NH,
u HOCI = HCI + O-

[
a K

a a a = S Mo A o o o 5 o @ o
0  NWEIFRATILINEN: ﬂ@@i‘qﬂuﬂzﬂqﬂuq‘lﬁﬁ LHAANNANLUNNLEIDLIND @Qiﬂﬂﬁ‘ﬂiﬁiﬂ?ﬂ@@i@ (hydrochlorous:

Q
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v
o

Hoc) nenlalnsaaasn (hydrochloric: HCI)  wanluiie (NH,) uas oxygen free radical (O+) fevianuniiaz
eliinnisszanaipasstieitioysine’
AINNTUATRINTHAR

AIN9ENUIBY Pascuzzi Uag Storrow Bailunisiiudagaann case series Mlunngalugilaaaiuiu 72 91e
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B. Intermediate Water-Soluble Agent
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C. Poor Water-Soluble Agent
Wagau (Phosgene, carbonyl chloride, COCI,)
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Estimated Human Response to Acute Phosgene Exposure*

Dose Response
1,300 ppm/min 100% mortality rate
500 ppm/min 50% mortality rate
300 ppm/min 1% mortality rate
150 ppm/min Overt pulmonary edema
50-150 ppm/min Clinically latent interstitial inflammation
25-50 ppm/min Subclinical biochemical alterations
<25 ppm/min Harmless
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v Steroids : fi@nannynanevinuuLzingiaas il corticosteroid 4ilaRA U prednisolone 250 1. IV
WIANU W aerosolized dexamethasone %38 beclomethasone LWatlasiunisiia pulmonary
edema '
v lbuprofen : nsAnE IUERdNAReINAI8NNTANHINLINNTIA parenteral ibuprofen Aew YiTaNAd
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20% NAC 20 @ Witn1 nebulizer

v Positive airway pressure ventilation : 81a198aAN3AIR9UN D98l stabilize intra-alveolar surfactant

film WAz suppress arteriovenous shunts™ usiaeinglafisnu nissnuRsiliiiazimanzanugilaey

1% 1
flalaifleannng
Phosgene inhalation
NO signs or symptoms Irritation of eyes/ upper airways Pulmonary edema
Symptomatic treatment
Inhalation dose Inhalation dose
<25 ppm/min  25-150 ppm/min ~ >150 ppm/min 25 ppm/min  25-150 ppm/min or unknown  >150 ppm/min
Discharge 8- hour observation Immediate treatment 8- hour observation Immediate treatment
Discharge after
complete recovel
CXR P very CXR
Clear Edema Clear Edema
Discharge Clinical Discharge after Clinical
treatment complete treatment

recovery

gﬂ‘l‘?‘i 1 Algorithm for the triage of phosgene inhalation victims™
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dexamethasone
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v Other treatment : prostaglandin E1, surfactant, antihistamines, asparaginase, calcium, atropine,
anticoagulants, e-amino caproic acid, urease, hypothermia, WWag extra-corporeal oxygenation a1

fleluifinnmaaean19aatn a1aasi Manie case report 11U

#19ALANAATAA (Riot control agents)™

anan i lunguiiluilaqiiuil 4 Uszinm@As 1. Chioroacetophenone (CN) 2. Chlorobenzylidenemalonitrile

(CS) 3. Dibenzoxazepine (CR) Waz 4. Oleoresin capsicum (OC, 178 capsaicin 1138 “pepper spray”)
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NANOTEC & Strategy for Responsible Nanotechnology

Dr. Noppawan Tanpipat

National Science and Technology Development Agency (NSTDA)
Ministry of Science and Technology (MOST)

When the European Trade Union announced "no nano safety data, no nano market", the
nanotechnological community definitely paid attention. This principle is directed at the manufactured
nanomaterials. It called attention to the manufacture, marketing and use of the nanomaterials. Itis meant
to be one safety precautionary means to minimize harmful effects on human health and the environment
as well as to monitor life cycle of nanomaterials. Much of the efforts have been invested in this area

towards regulations of nanomaterials that are now making their ways into consumer’s products.

Examples of such international efforts include ISO TC 229 and OECD. With nanotechnology is
being new and the life cycle of nanomaterials is not quite well understood plus the international
standards are not readily available for deployments, part of the huge efforts have gone into finding the
exacting standards in measurements and characterizations of these nanomaterials. The process is slow
and the current status is *works in progress* with contribution from experts around the world. In the
meantime, while regulations are not yet in place, code of conduct for responsible nanotechnology is
being employed. One precautionary measure is risk assessment and how best to manage the risks of

nanomaterials while maximizing their benefits.

Recognizing the needs for the responsible nanotechnology, NANOTEC has taken the initiative
and put together the nano-safety program as part of the framework of ELSI in NSTDA in 2008. This
program contains 3 focus areas: research, policy and testing standards. Together with public
awareness on benefits and risks in addition to collaborations with regulatory agencies, we trust that the
nano-safety program at NANOTEC contribute in one way or another as one stepping stone towards

regulations of these nanomaterials in R&D, industrial production and consumer products.
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Test types Examples of tests
Hold tests
Verbal Vocabulary (WAIS)
comprehension Similarities (WAIS)
Synonyms
Cognitive nonverbal Block design (WAIS)
function Picture completion (WAIS)

Figure classification
Non-hold tests
Psychomotor function Simple reaction time (WHO)
Santa Ana (WHO)
Purdue peg board
Pursuit aiming (WHO)

Perceptual speed Digit symbol (WAIS, WHO)
Trial making
Short-term memory Benton visual retention (WHO)

Digit span (WAIS, WHO)
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Johnson’s Questionnaire

Are you tired more easily than expected for the amount of activity you do ?

Have you felt lightheaded or dizzy?

Have you had difficulty concentrating?

Have you been confused or disoriented?

Have you had trouble remembering things?

Have your relatives noticed that you have trouble remembering things?

Have you had to make notes to remember things?

Have you found it hard to understand the meaning of newspapers, magazines and books you have read?

© ® N O A DNPE

Have you felt irritable?

=
o

. Have you felt depressed?

[N
[

. Have you had heart palpitations even when not exerting yourself?

[EEY
N

. Have you had seizure?

[EnY
w

. Have you been sleeping more often than is usual for you?

[EnY
N

. Have you had difficulty falling asleep?

[EnY
&)

. Have you been bothered by in-coordination or loss of balance?

=
(<2

. Have you had any loss of muscle strength in your legs or feet?

[EnY
~

. Have you had any loss of muscle strength in your arm or hands?

[EnY
o8}

. Have you had difficulty moving your fingers or grasping things?

[EnY
©

. Have you had numbness or tingling in your fingers lasting more than a day ?

N
o

. Have you had numbness or tingling in your toes lasting more than a day?

N
[y

. Have you had headaches at least once a week?

N
N

. Have you had difficulty driving home from work because you felt dizzy or tired, even though you'd slept
enough, etc.?
23. Have you felt “high” from the chemical you smell at work?

24. Have you had a lower tolerance for alcohol?

o
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Headache

Tiredness

Lightheaded or “high”
Difficulty concentrating
Confusion

Difficulty remembering things
Irritability

In-coordination

© ® N gk 0DdbPE

Loss of muscle strength
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Questionnaire 16 (Q16)
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Do you have a short memory?

Have your relative told you that you have a short memory?

Do you often have to make notes about what you must remember?

Do you often have to go back and check things you have done such as turned off the stove, locked the door?
Do you generally find it hard to get the meaning from reading newspapers and books?

Do you have problems with concentrating?

Do you often feel irritated without any particular reason?

Do you often feel depressed without any particular reason?

Are you abnormally tired?

. Are you less interested in sex than what you think is normal?
. Do you have palpitations even when you don't exert yourself?
. Do you sometimes feel an oppression of your chest?

. Do you perspire without any particular reason?

. Do you have a headache at least once a week?

. Do you often have a painful tingling in some part of the body?
. Do you have any problems with buttoning and unbuttoning?

Solvent induced syndromes

1.

Type I: Symptoms only. filhaiainiseaudn dAnudalnfrasnauan auns e1sund LaznIsuau aannay
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. Type Il b: Impairment in intellectual function: Hilaeazlifanis Anuanlld uwazliansnsaFauils anany
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Teratogenicity
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teratogenic effect N1ARA Fathlumniaanns WARA solvents ‘lummmﬁﬁﬁﬂdﬁmmgm

Specific agents
n-Hexane LLag Methy-n-Butyl Ketone

Tugaanass 60-70s Innsszinnveslsntanetszameniauluaunuinseasinuaziriesmlialdnnn
'1’71Ifm hexanetfludaulsyney Auauaziannisuuy glove and stocking symmetrlc sensory dysfunction Tmm”
huflannew udadeunflufiua Iua‘mmwm@“umiﬂmmLu@@@uuﬁmmﬂmmLu@mmmﬂ Wmﬁmmmmumm
Andagandn 100 ppm WATAINITOWLEIDS 500 ppm Iétias Tivinaufidufaluamnefimnd g 20 ppm 138
qu"] anawuan1iulluy subclinical ‘Emﬂ%wmﬁamfm nerve conduction velocity MWL methyl-n-butyl
ketone fvnlfiiadulszamanauls dmiu Methyl ethyl ketone laififmsaidutlszaminefaaeeduies uray
ﬁ@ﬂL@?‘Nq%%rﬂJﬂ\‘l n-hexane Wa¥ methyl-n-butyl ketone nalnnsAafistiuiaen 2,5-hexanedione Fauiumy
Tlasisnaesiagesiailnginliintsaugeamsly axon 104 large myelinated fibers 1@e/ll anwensaninaz
WLNITLINURY axon mwﬁ'mﬂ’]ﬁ‘f;l'uﬂlmmyelin ﬁ node of Ranvier LL@&WUﬂZ\jwﬂm neurofilaments i axons N7
AANEFTBY axon @:wuﬁﬂﬁ‘zmmmuﬂmﬂ@mﬁ@u Sanuennsenlatsdszamsniay azpadeilasaanun

AnLFndNdanieu ndniuaInsazatued e luwanfiiiluguussanaazliviaann

Benzene

Tull 1897 ﬁmmmﬂumuéﬁﬂfﬁﬁmmﬂﬁwiiﬁ pancytopenia AInbenzene MR SN
Ty aeslafRnaziiaslaiAnauindy ﬁmiuizﬁuﬁ'ﬁ'ﬁnfiwmmgmﬁ’mum

Benzene \iluansnansii %Id established waq I IAA leukemia iln acute myelogenous leukemia
uananilgoin1tiAn leukemia wsa lymphoma gilnanlf e liunaniifaedadnazinliiAaundansznng

o

flagnzlé  Benzene Mnlifanziseldluauamne Annsauanidrfndudaiies 1 ppm uladolussiadu luwean

o

du siadanal naly 40 U aziileniaily leukemia D9 70% tlaqiiuliifinisnsaadnnsasinlasniileniaazdy
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nzianmedniald wiluseAuluananudn benzene in1iiAn chromosomal aberrations lu peripheral blood
lymphocytes  wazlunis@ne i liuusnidanudn benzene Tuauia 0.3 ppm A BHAANTRNANWILLE

micronuclei 11 Peripheral B lymphocytes

Toluene
a LA . a a o
Toluene gnldlunisganu lusaiganuuu wud1ReIN13 tremor, ataxia WATANRALNG AIINAT
dJ Y da/ﬂ/ U o Y o Y a o ¥ QI 1] ya a
denuldtes weanantidanudwinliinlasiuindane annisléinau dszamande nsldaudely waztlans
dszamdniay Tupnauninisdudawiu wudileinisresantssaninaay

Styrene

Styrene 1A lLAa sensory neuropathy %Iﬂwumm TWA 100 ppm fﬁmﬂmmu subclinical WARKNLA
mﬂﬁ'ﬁmmﬂﬁumeﬁuqu@ulmmum

Styrene flaiili suspected carcinogenic  Taglunamguiwmezlulavivesiupe styrene oxide flu
established carcinogen LLﬁi%Qﬂ degraded TuAu  1ARC VL&W@“L%‘L‘L&H@'N limited evidence of carcinogenicity

Methylene chloride

wnllaviesiude  Carbon  monoxide @9 Awnmsgusing  azalieldsiuaes
carboxyhemoglobin (COHb) g1 5% ﬁ@luﬂuizﬁuﬁﬁﬂﬁné’mLﬁ@ﬁq%mmﬁ@mméﬂwﬁﬂu angina pectoris
WL ALUTI TS Lﬂu‘ﬁmﬁﬂ@mﬂﬂdwéﬁiﬂﬁuﬁ@ (Lﬂumiﬁﬂw’nﬁﬂj ﬁﬁmqutmww:mmﬁmmuﬁxﬂﬂmﬂwa)
Tudninaansiuin A nuzSmatesina uas IARC 4973 sufficient evidence i lHiRANzI3Y

Carbon Tetrachloride kaz Chloroform

lusefifuiia carbon tetrachlorideluaunngs Iui:ﬂmmz%uj auifluiesiefy wazn1ainlitaunngsy
annecrosistassiuuazln  chloroformiinliifiafissiesuidndaluauings) Auseduifinanunzivlaizesiu
Huasie macromolecules aagagfulnamnss Chioroform inliiAianziFiresduwaslaluymaass nsdudaiuy
taqtiuluruinge) erainliinanzis

Trichloroethylene

Trichloroethylene  vilfiinannmneamdszann Taadl intellectual impairment, AYNAUAZENTNN]
Aen IneauFLLNaTiduTalatns nsdudaluruaninazinliiie trigeminal neuropathy FaianTilumii
nazndulberildlunsiAea et trichloroethylene azsunaummziuaanTevalconol M lANANAAATEEN
disulfiram (antabuse) F1angsdll  1ARC 4adnd limited evidence Tlazvinlsifinnzids

Tetrachloroethylene (Perchloroethylene)
WUIH limited evidence lunisnensieludndnaans anNNMsANEITLLAINEINLAN Perchlorethylene
Az fiiauziasmaauiasey Tsgudaminenululsdnin uazdnuieiilanadesfiazflunzdoiugs

Carbon Disulfide
nsdNdauy visaninazinl#iia Parkinson’s disease, myocardial infarction @awinannnIsiLlasss fat
metabolism wazn e arteriosclerosis 5qﬁmﬁmmﬂjmﬂuim%irﬁ

Dimethylformaldehyde
\luans hepatotoxic  solvents #lduniign  uazfiannsnduduniaielfunawinliinialsals
v o o

atelafimuiiiensnainiBnududansseduiiazanas uananiddndudallaumdnfenaineinisadnanis
e disulfiram 167

Ethylene Oxide
Ethylene Oxide \flu gas Nignumpiivies uaziluansfiszamepasnnn drdndaduliannmnnT @nndd
500 ppm) azinlfiialaetszameniay IARCAmLINaN3N probably carcinogenic to humans
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Biologic monitoring
A39an1e Audaansiuannsadnlivatsuuy  wunnsdnannenidaiuiglasen visen1dmwasiuladt
1a9ansgnduansaanuinisiiaannzdainlginandiuazlfinnnuansliig

AN5190 5 A13NA1IN130MIRUN IS

n-Hexane 2,5-Hexanedione in urine

Benzene Phenol in urine

Toluene Hippuric acid in urine (Fasldurinninndn 100 ppm Aeazl@nanan )
Toluene in venous (l8uaRNT1)

Xylene Methy!l hippuric acid in urine

Styrene Mandelic acid , phenylglyoxylic acid in urine ( ‘Vﬂ“ﬁwﬂﬂ AR mandelic acid)

Trichloroethylene Trichloroethanol (mmmmmmamim@immumu) and trichloroacetic acid (14
mmmmmms melu 72 °]J'JI§~J\1 in urine

MEK MEK in urine

Perchloroethylene in exhaled air

%

Arsinemaniliuen Biologic Exposed Index (BEN @léwenanuvinliiviilendn TLV Aedgeqan

q
'

vy nlTls taeliinliAnlen Manmsniazilsslaniiredeinmmiinirewusazilszmees Tuiigag
Tldaspsing 15

'
& o

NNNRILNAN: UW.aAAY TTumna. ArsanTanarans. guddadsumaluladne-tiu.ngamnn, 2000.
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Current Cancer Situation in Thailand

Thiravud Khuhaprema M.D. F.I.C.S.,F.R.C.S.T

Director, National Cancer Institute, Thailand

Common Cancer in Thailand

The estimated numbers of new cancer cases in Thailand in the year 1999 was 31 582 in men
and 33 678 in women. These correspond to age-standardized rates of 127.7 per 100 000 for men and
125.5 per 100 000 in women.

The national estimates of the 10 leading cancers in men and women are shown as age-
standardized rates and as number of cases (Figure ).

Figure 1 Leading Cancers in Thailand, 1998 — 2000
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Liver and bile duct cancer is the most common cancer in men (ASR=33.4), followed by lung
cancer (ASR=20.6), colon& rectum cancer (ASR=8.8), and oral cancer (ASR=5.2). In women, cervix
cancer is the most common (ASR=24.7), followed by breast cancer (ASR=20.5), liver and bile duct
cancer (ASR=12.3) and lung cancer (ASR=9.3).

The very high incidence of liver cancer in the northeastern region means that liver and bile
duct cancer is the major cancer of men in the whole country, with an estimated 8 298 new cases in
1999. Lung cancer is second in importance (4 947 new cases); taken together, these two sites are
responsible for 41.9% of all cancer in men.

In women, cervix cancer is the most important (6 954 new cases), followed by breast cancer (5
854 new cases), liver and bile duct cancer 3 094 new cases) and lung cancer (2 344 new case, these
four sites being responsible for 54.2% of all cancers in women.

Geographical variation of cancer incidence in Thailand

We have the results of the nine population based cancer registries:  Chiang Mai,
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Lampang, Nakhon Phanom, Udon Thani, Khon Kaen, Bangkok, Rayong, Prachuap Khiri Khan and
Songkhla.

The age-standardized incidence rates (ASR) of cancer at all sites ranged from 104.5 per 100
000 (M) and 98.9 per 100 000 (F) in Songkhla to 242.0 per 100 000 (M) and 158.4 per 100 000 (F) in
Udon Thani.

The 10 leading cancers in each registry are shown in terms of the age-standardized incidence
rates.

In Chiang Mai, lung cancer is the most important site in men and the second place in women.
Cervix cancer is the leading cancer in women. The incidence of cervix cancer in women is the highest
amongst the nine registries.

In Lampang, the profile of leading cancer in men is similar to that in Chiang Mai, Lung cancer
in men is even higher than in Chiang Mai (ASR=53). Cervix cancer is the second common cancer in
women, followed by breast cancer.

In the northeastern region: Nakhon Phanom, Udon Thani and Khon Kaen, the picture is
dominated by liver cancer, by far the most common cancer in men (45-59% of all cancers) and women
(24.2 — 32.4% of all cancers). Cervix cancer is second in frequency in women.

In Rayong, lung cancer is the most important cancer in men; followed by liver and bile duct
cancer, esophageal cancer (ASR is highest in the nine registries). Cervix cancer is also very high
incidence (ASR=28.5) and followed by breast cancer and lung cancer.

In Bangkok, lung cancer is the most important cancer of men, followed by cancers of the liver
and bile duct, and then the colorectal cancer. In women, breast cancer is the leading cancer, ahead of
cervix cancer (in contrast to the other eight registries), and Colorectal cancer is third in frequency.

In Prachuap Khiri Khan, liver and bile and bile duct cancer is the most common cancer in both
men and women. The second place is lung cancer in men and cervix cancer in women.

In Songkhla, the leading site in men is lung cancer followed by colorectum, oral cavity and
esophagus. In women, cervix and breast cancers predominate; with Colorectal cancer in third place;
liver and bile duct cancer is not even in the first the cancers.

Colorectal cancer incidence is increasing in both sexes. Therefore, liver, lung, breast, cervix
and colorectal cancer are the 5 major cancers in Thailand which are responsible for about 50% of all
cancers.

National Cancer Institute under the department of medical service, Ministry of Public Health
has proposed the strategies for National Cancer Control Program in Thailand which consists of

—

. Strategy for Cancer informatics
2. Strategy for Primary prevention
3. Strategy for Secondary prevention
4. Strategy for Tertiary prevention
5. Strategy for Palliative cancer
6. Strategy for Cancer research
The main purpose of National Cancer Control Programs is reduction of Incidence and Mortality
of Cancer and improvement of quality of cancer patient in Thailand.
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UNUIMUNNHINEININITULANS

A.AT.UN.NTTE ANBATTUENS

nAATTAERFTaeiuLasdIAN AEUNNEANART RNaINTRlNMIINENAY

mnmmﬁ%m'ﬂmquﬁﬁaﬁ@iﬂﬁ POUIALATANMANIMANETINAEANEN  ULMLAzITh e
fsAnen  nsdifnesnaitinfisanenléddauson uwmwﬁlujmmﬂﬂﬁtﬁwm waznINan/ElnausnsinEInenlu
szindlna
Wenen (Toxicology) L‘flumamsﬂﬁmﬁ”mﬁn/mLﬁmmmmﬁﬁ@iqﬁ%m/wmf UNANTIINAEINEN
ﬁ@m@ﬂmﬁwﬁ@g@Lﬁlmﬁumﬁﬁmﬁammﬁ %q@:ﬂhfﬂumiﬁwmLmzﬁﬁﬁumimmgmm&memﬁﬂumaj o
Wi munssiududantaniuld (acceptable exposure levels) ’Lumiﬁﬁnﬁwﬁmmrﬁmmwwmmﬂuﬁw@mqmé
(effective  dose) ﬂmmu@ﬂuwﬁw%g@iﬂ LAZANANNUTIZTUINIUIANLNIAALAUDY  (does-response
relationship)
ﬁﬂﬁﬁwmﬁuwmwéﬂﬁrymﬂiuv;ﬂ%umaummmiﬂi:l,ﬁumwL?ﬁlm (risk assessment Getaznaudas
hazard identification, dose-response assessment, exposure assessment, WA risk characterization)
a1auLtnAwanensunisfadaniu 3 ngulunjae
1. Descriptive toxicologist 1 toxicity testing Tnevin toxicology study (animal, laboratory study and
experimentation) L‘ﬁlﬂslmﬁ toxicological information ﬁﬁl\‘imm_lﬂqm Identification and quantification, Particular
response WAL other factors to be addressed L% changes in the route of exposure (inhalation, dermal
contact, ingestion), species of test animal (rats, mice, etc), age, sex, etc. [LLﬁqfa\‘m’ﬂiLﬁu EPA, OSHA or FDA
@z‘lﬁﬁ’@gmmﬁﬁﬁmum regulatory exposure limits m@amaﬁu]

2. Mechanistic toxicologist iNN15ANE1 mechanisms of toxicity AaANHINd@siEnalfiinuadaadnals (adeas
v Nelluha) s extrapolate HaNNIANEIAINARTAaDINN F lunywe

3. Regulatory toxicologist ¥11n13A1UA regulatory exposure limits wazifeauldngmung

uananniifeenauefisine iy 3 mg’umumwﬁmma&uﬂu

1. Forensic toxicology Lﬁlmr'ﬁ_l medico-legal

2. Clinical toxicology Lﬁlmﬁ‘u treatment, drug monitoring, emergency & poisoned cases

3. Environmental toxicology Lﬁlmﬁ/‘i_l ecotoxicology, occupational toxicology, food toxicology

natiFnatinsTeusazngy

1. Forensic toxicology MU maudangnian, arsenic poisoning (movies), msaagnladluiinfi “a«
uwmmﬁnﬂiﬁwmmjuﬁié’m FURIdaRIna (ﬁmﬁ/rﬁjﬂqmﬁ) 299 AIEIAIA TIENTL
ua Tanuiuiiuenans uazlinisluana

drouiineAnenlunaduneusari ﬁwmuﬁ'ﬁﬂﬁwf‘immﬁﬂﬁmmuﬁ@mmm@mqﬁmﬂﬁﬁﬁms
arfuauuA NS T N szdneanseiiasdeiulsmvieauiaundtiield Aoiumssndeennnd Ae

anspinasdeluaonduduin uaedudaiu e e lsaviseanuialnfduluauiuidenguauiuiall (The
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question of what level of exposure is sufficient to produce harm, i.e., the dose-response relationship.)

2. Clinical toxicology 1 Uanilniln, wWiniw, therapeutic drug monitoring, drug abuse? “a¥ UNUNTIN
~ = - oo = - P
Wmmmﬂquu%Lm MY NUANEIRTIA (ﬁwm/gﬂfmmm) Usza 1 lun1380UAIUNNTITLIAINY AIIAEIRIRIIA
Snedlog Waanuunde/dsvanawiune 1a«

3. Environmental toxicology i1 ﬂ@ﬂuﬂ@/m%\imm‘hmumﬂLwa"]zmaﬁﬂzr/mmLﬁmﬂﬂ‘mmu, PRI

= o & N

TunAnsuIuN, unuNTiaguiugnezanan, Avulianaasamazaisail lulswny, azionaas, wnalaud

TN TR ummwﬁnﬁnﬁwmmﬁmﬁiﬁm AuAdensaa  (fuae/Auaineinie) nsaagedanme (FNBUENTVFD
o ¥ d} Yo 3| A [ v % =3

ayiutaedans  menaiiuduanslaviseanalsufdnduansle) meeuns  Weouduiuenans  dszarulunig

witToym (Wi environmental remediation) 1913 luea

ununaw] restiniednenliun 39y sewm@nyAang 13NNTATINT WEnegiee LEnstiesliiRnag
W”wuﬁ'%mmm'wwﬁmﬂﬁﬁﬁmi/ AARUNN  (TIFRIRANTUNUITAYE: 41K130M99AlH, AIINAIWIY, limit of

detection) WaWAMNWHELLIRN3 (pre-analytical, analytical, post-analytical phases)

Pre-analytical phase Iun Subject preparation LLa¥ Specimen collection, labeling, preservation,
transportation THAMNAIATYNINININZEIHAFBHANTATIA LS
Analytical phase &un quality control #1115 Research lab Wag ISO/IEC 17025 41151 Service lab

Post-analytical phase 16 Report

uananifanaiuumummihiisesinfisinen luusesiindrasansdu Tadunilfannunasdu iy
website U89 University of Surrey Auana The Toxicologist's Role 1891 Integration and application of these
disciplines is the major means whereby the safety assessment of drugs and chemicals is undertaken and
toxicologists fulfill many roles. For example, they may:

® help develop new, effective and safe medicines

® monitor the effects of chemicals on the environment

® ensure that food and water are free from chemical contamination and safe to consume

® assist in the diagnosis and treatment of chemical poisoning in humans and animals

® provide specialized expert opinion in legal cases where medicines, drugs of abuse and other
chemicals may be implicated

® provide guidance and advice for the safe use of chemicals in the workplace

® help formulate new health and safety laws and standards

® assist in the assessment of toxicological data as part of national and international licensing processes

® deal with hazardous chemical incidents

® conduct novel research

nsnastneInen lulsemalvendey  ldun  dnivensans ned uwnd  [clinical  toxicologists
(fellowship) uaz emergency medicine] lusiu Bazdunalidndapndasiaanisdnfsinanananuiuunnluuday
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Harmonization of Toxicologists
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Regulatory Toxicology:
ASEAN Harmonization in Food
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Effects of Curcumin on Cadmium-Induced Hepatotoxicity in Rats
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ABSTRACT

Cadmium (Cd), an environmental contaminant, undergoes redox cycling with generation of
free radicals inside the biological system. Curcumin, the yellow bioactive component of turmeric has
established its antioxidant activities. The present study evaluates possible ameliorating effects of
curcumin on Cd acetate induced hepatotoxicity in adult male Wistar rats. The animals were treated
once daily by oral gavage for five days and divided into four groups: control, Cd acetate 200 mg/kg
BW, curcumin 250 mg/kg BW and pretreatment with curcumin 250 mg/kg BW for one hour before
administration with Cd acetate 200 mg/kg BW. After 24 h of the last treatment, the animals were killed
to determine the activities of hepatic marker enzymes alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) in serum, the level of malondialdehyde (MDA), reduced glutathione (GSH) in
liver homogenate and histological changes of liver tissues by light microscope. The results showed that
Cd treatment caused a significant increase of serum AST (p <0.001) and ALT (p <0.05), the increased
hepatic level of MDA (p <0.01), the decreased hepatic level of reduced GSH (p <0.05) when
compared to the control group. In addition, histological examination revealed that Cd treatment also
caused hydropic swelling of hepatocyte with vacuolated cytoplasm. This study could provide a
possible explanation to hepatotoxicity resulting from exposure to Cd in the environment. In addition, the
pretreatment with curcumin before Cd administration could not inhibit the changes against Cd toxicity.
Therefore, it was concluded that curcumin at dose of 250 mg/kg BW could not prevent the toxic effects
of Cd against oxidative damages in rat liver since no improvement of all parameters by curcumin
treatment.

Keywords: Curcumin, cadmium, hepatotoxicity, lipid peroxidation malondialdehyde (MDA), glutathione

(GSH), ALT, AST
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Introduction

Cadmium (Cd) is distributed widely in the environment and is a highly toxic heavy metal. With the
development of industries, the frequency of exposure of the body to Cd is gradually on the rise ', Studies to
characterize the effect of various heavy metals including Cd on the human body and the mechanisms of
toxicity have been actively performed. In acute cytotoxicity and carcinogenesis, activation of endonucleases,
generation of reactive free radicals such as reactive oxygen species (ROS) and signal transduction pathways
involving apoptosis play important roles™. Cd accelerates lipid peroxidation by stimulating the peroxidation
chain reaction in the target organs, resulting in the generation of ROS and consequently the induction of
cytotoxicity.4

When the body is exposed to Cd chronically, the metal accumulates in the liver and the kidney; with
acute exposure, it primarily accumulates in the liver ' Upon acute exposure to Cd, hepatotoxicity is indicated
by such changes as swelling of hepatocytes, fatty changes, and focal necrosis or necrosis in a wide area. On
electron microscopy, changes such as dilatation of ribosomes, damage of membrane-bounded lysosomes,
nuclear pyknosis, are seen °

Curcumin (diferuolymethane) from the rhizomes of turmeric (Curcuma longa L.), used in our study, is
a well known biologically active compound. It is a natural yellow pigment that is added to curry spices. Its
biological effects have been studied in recent years in many laboratories. Curcumin possesses anti-
inflammatory, immunomodulatory, anti-atherogenic activities, and it is a potent inhibitor of various reactive
oxygen-generating enzymesG. It exhibits protective effects against oxidative damage and scavenges
superoxide anions, nitric oxide radicals. It is also considered to be a potent cancer chemopreventive agent "
The anti-cancer properties of curcumin have been proven in cultured cells, as well as in animal studies”™’. As
regards to the possible interaction of curcumin with toxic metals, a protective effect of curcumin has been
demonstrated against iron induced oxidative tissue damage. Curcumin also modulates ferric nitrilotriacetic
(Fe-NTA) induced peroxidation of microsomal membrane lipids and DNA damagem. The interaction of
curcumin with Cd has not been extensively researched yet.

In this study, we wished to investigate the effects of oral curcumin pretreatment in combating the
toxicity of Cd acetate on the activities of hepatic marker enzymes AST and ALT in serum, the level of lipid
peroxidation and reduced GSH in liver homogenate, including the histopathological changes of liver tissues
under light microscope in rats.

Materials and methods
Chemicals

Curcumin was kindly provided from the Government Pharmaceutical Organization (prepared in
glycerol). Cd acetate (prepared in distilled water) was purchased from Sigma-Aldrich (USA). The other
chemicals used, eg. KCI, absolute ethanol was purchased from Merck (Darmstadt, Germany) and all the
reagents were of analytical grade.

Animals and treatments

Adult male Wistar rats weighing 150-180 g were used in the present study. The experimental animals
were supplied by the National Laboratory Animal Center of Mahidol University and used for experiments after
1 week of acclimatization. The animals were maintained as national guidelines and protocols, approved by the
Institutional Animal Ethics Committee and in an air-conditioned animal house with constant 12 h light and 12 h
dark schedule. Animals were fed on standardized diet for rodents and water ad libitum.

The rats were separated randomly into 4 groups of 8 animals each. Group I: control rats were
administered with sterile distilled water as vehicle. Group Il: rats received Cd acetate dissolved in sterile
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distilled water at a dose of 200 mg/kg BW. Group llI: rats received curcumin dissolved in glycerol at a dose of
250 mg/kg BW. Group IV: rats received curcumin at a dose of 250 mg/kg BW for one hour before
administration with Cd acetate 200 mg/kg BW. All groups were treated by oral gavage once daily for five days.
The doses used in this study were selected based on preliminary experiments in our laboratory using acute
treatment with Cd acetate. The rats were designed to be orally administered a high dose of Cd acetate, which
are close to 0.12-0.5 oral LD, value for Cd acetate in male rats "' All the animals were sacrificed 24 h after
the last treatment following protocols and ethical procedures. Plasma samples were separated by
centrifugation, frozen and stored at -20 C until assayed for AST and ALT enzymes.

Serum ALT and AST determination

The serum levels of hepatic enzymes ALT/AST from treated animals were measured and their relative
activities were compared with control samples. Relative activity means activity in the serum of a rat received
with Cd versus activity in the serum of a control rat during the same period. The level of AST and ALT activities
was assayed using a microplate spectrophotometer (Hitachi, Japan).

Malondialdehyde (MDA) and glutathione (GSH) assays

Lipid peroxidation (LPO) was measured by the method of Buege and Aust "% The level of LPO in the
liver homogenate was measured based on the formation of thiobarbituric acid-reactive substances (TBARS).
Malondialdehyde (MDA) formed adducts with thiobarbituric acid, which was measured spectrophotometrically
(UV-1240 Shimadzu, Japan) at 535 nm. An extinction coefficient of 1.56 X 10°M ' om 'was applied for
calculation and results were expressed as nmol MDA/mg protein.

GSH measurements were performed using a modification of the Ellman procedurem. Briefly, after
centrifugation of the tissue homogenate at 3000 x g for 10 min, 0.5 ml of supernatant was added to 2 ml of
0.3 mol/l Na,HPO,2H,0 solution. A 0.2 ml solution of dithiobisnitrobenzoate (0.4 mg/ml in 1% sodium citrate)
was added and the absorbance at 412 nm was measured immediately after mixing. GSH levels were
calculated using an extinction coefficient of 1.36 x 10°M'cm™. Results were expressed as pmol GSH/mg

protein.

The proteins were estimated by the method of Bradford et al. " using bovine serum albumin (BSA) as

the standard protein.

Histopathological examination

Immediately after sacrifice, the liver was removed surgically and rinsed with ice cold physiological
saline. For microscopic evaluation liver was fixed in 10% neutral phosphate buffered formalin solution for 48 h.
Following dehydration in ascending series of ethanol (70, 80, 95, 100%), tissue samples were cleared in
xylene and embedded in paraffin. Tissue sections of 5.0 um were stained with hematoxylin and eosin (H&E).
These sections were examined under light microscopy and documented by Ziess microphotocamera15.

Statistical analysis

Results were expressed as mean + standard error of means (S.E.M). One-way analysis of variance
(ANOVA) followed by a post hoc test of Fisher's LSD was carried out to test for any differences between the
mean values of all groups. If differences between groups were established, the values of the treated groups
were compared with those of the control group. A p-value < 0.05 was considered to be significant. These

statistical analyses were performed using a computer program.
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Results
Effects of curcumin on hepatic MDA and reduced GSH level induced by Cd acetate

The curcumin treatment alone did not exert any effects on the hepatic MDA and reduced GSH level.
No significant changes on the lipid peroxidation and glutathione level were noted in rats treated with curcumin
only. The MDA level was increased significantly (o < 0.01) and the reduced GSH level was decreased
significantly (p < 0.05) in Cd acetate treated rats at dose of 200 mg/kg BW when compared to the control
group. In addition, the increase of MDA and decrease of reduced GSH level by Cd treatment could not be
prevented by the pre-treatment with curcumin 250 mg/kg BW. There was remain significantly increase of MDA
(p < 0.001) and decrease of reduced GSH (p <0.05) when compared to the control group (p < 0.05) (Fig. 1
and 2).

Effects of curcumin on enzyme activities of ALT and AST induced by Cd acetate

The curcumin treatment alone did not exert any effects on the enzyme activities of ALT and AST. No
significant changes on the enzyme activities of ALT and AST were observed in rats treated with curcumin only.
The enzyme activities of ALT and AST were significantly increased in Cd acetate treated rats at dose of 200
mg/kg BW when compared to the control group (p < 0.05). The increase in enzyme activities of ALT and AST
by Cd treatment could not be prevented by the pre-treatment with curcumin 250 mg/kg BW. There was remain
significantly increase in the enzyme activities of ALT and AST when compared to the control group (p < 0.05)
(Fig. 3).

*k%
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_ 80 = 14 N *
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Control Cur cd Cur+Cd Control Cur Cd Cur+Cd
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Figure 1 Lipid peroxidation, expressed as MDA Figure 2 Reduced GSH level in the liver
level, in the liver homogenate of control rats, homogenate of control rats, curcumin treated rats
curcumin treated rats at dose of 250 mg/kg BW at dose of 250 mg/kg BW (Cur), Cd acetate
(Cur), Cd acetate treated rats at dose of 200 treated rats at dose of 200 mg/kg BW (Cd),
mg/kg BW (Cd), curcumin 250 mg/kg BW and Cd curcumin 250 mg/kg BW and Cd acetate 200
acetate 200 mg/kg BW (Cur + Cd). Results were mg/kg BW (Cur+Cd). Results were expressed as
expressed as mean £ S.E.M from 8 animals. (**) mean *+ S.EM from 8 animals. (*)denote
denote significantly different form control group at significantly different form the control group at p
p <0.01, (***) denote significantly different from <0.05

the control group at p< 0.001.

Effects of curcumin on histopathological changes of rat liver induced by Cd acetate

In the normal group of rats, focusing on the central vein, hepatocytes formed a cordlike arrangement
(Fig. 4A). The curcumin-alone-treated rats were almost similar to control in histology, size and staining
properties; no vacuolisation was seen and smooth nuclei with nucleoli were clearly visible as in the normal
cells (Fig. 4B). In the Cd-treated rats, the cytoplasmic hypereosinophilia were increased, and cell damage
such as nuclear hyperchromasia, pyknosis and binucleated hepatocytes were observed when compared to
the control group. In addition, it had necrotic lesions and extensive vacuolisation of cytoplasm in hepatocytes
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(Fig. 4C). In the pretreatment with curcumin, the cytoplasmic vacuolization was found to be significantly

increased similar to the Cd-treated rats (Fig. 4D). Thus, histological examination also clearly demonstrated no

protection of liver by curcumin against Cd cytotoxicity.

50 1

45 OALT

Enzyme activity (U/L)

Control Cur Cd Cur+Cd
Groups

Figure 3 Enzyme activities of
serum ALT and AST in control
rats, curcumin treated rats at
dose of 250 mg/kg BW (Cur),
Cd acetate treated rats at dose
of 200 mg/kg BW (Cd), curcumin
250 mg/kg BW and Cd acetate
200 mg/kg BW  (Cur+Cd).
Results were expressed as
mean t S.E.M from 8 animals.
denote  significantly  different
form control group at p <0.05

Figure 4 Representative
microphotographs of rat
liver, focusing on the
central vein area by light
microscope with H & E
staining from eight rats of
each group at 200 X
magnification. Control (A),
curcumin treated rats at
dose of 250 mg/kg BW (B),
Cd acetate treated rats at
dose of 200 mg/kg BW
(C), curcumin and Cd
acetate treated rats (D).
Hepato-cytes  form a
cordlike arrangement in
control and  curcumin
treated group. The nuclear
hyperchromasia, pyknosis,
and binucleated hepato-
cytes were observed in Cd
treated group and
curcumin pre-treatment
group. CV = Central vein;
Arrowhead = Binucleated
hepatocytes; Arrow =
Pyknotic nucleus.

1! National Conference in Toxicology 17-18 November 2008



Thai J Toxicology 2008; 23(2):100-107 P03/ 105

Discussion

Cd is a toxic metal that is widely used in different industries. It promotes an early oxidative stress and
afterward contributes to the development of serious pathological conditions because of its long retention in
some tissues °. The present results have clearly demonstrated the ability of Cd to induce oxidative stress in
rat liver as evidenced by increased lipid peroxidation (TBARS) after 5 days of Cd treatment (Fig1). This
finding was inagreement with several reports demonstrating that Cd induces oxidative stress in tissues by
increasing lipid peroxidation v,

The liver plays a central role in Cd-toxicity ", Independent of the route of exposure, Cd preferentially
localizes in hepatocytes after administration, and its concentration may exceed the capacity of intracellular
constituents — mainly metallothionein (MT) — to bind Cd P In general, AST and ALT enzymes are known to be
increased by liver damaging. AST and ALT enzymes were the most specific marker of liver cell damage in
mammals. Blasco and Puppo20 reported that an increase of the activities of AST and ALT enzymes was also
observed as a result of Cd cytotoxicity. Both AST and ALT are enzymes found in hepatocytes. Upon
destruction of hepatocytes or due to an increase in the permeability of the hepatocyte membrane, these
enzymes are released to the blood and the levels are consequently elevated. In the present study, the
increased levels of AST and ALT were considered due to acute hepatocyte damage.

In the present study, the increased lipid peroxidation due to Cd was accompanied by a depletion of
hepatic GSH, indicating oxidative stress at the hydrophilic level. These results are in accordance with several

? GSH, plays an important role in the maintenance of protein and lipid integrity, and

previous reportszw’
provides major protection in oxidative damage. GSH is thought to be the first line of defense before induction
of MT takes over. In the present study GSH level decreased significantly in the liver homogenate of Cd-treated
rats when compared to the control group. This may be due to its consumption in scavenging free radicals
generated by Cd. Moreover, the sulfhydryl group of cysteine moiety of GSH has a high affinity for metals,
forming thermo-dynamically stable mercaptide complexes with several metals, including Cd.”’ These
complexes are inert and excreted via the bile, so decreased GSH level may be due to its consumption in Cd
detoxification.”*

The microscopic observation showed that in the normal group of rats, focusing on the central vein,
hepatocytes formed a cordlike arrangement. In the Cd-treated rats, the cytoplasmic hypereosinophilia were
increased, and cell damage such as nuclear hyperchromasia, pyknosis, and karyorrhexis were observed. This
implies that liver tissues are damaged. These histological observations supported the biochemical findings
and were in accordance with other studies”. The mechanism of Cd-induced acute hepatotoxicity has been
investigated extensively. The initial damage to the hepatocyte may be caused by a disturbance in thiol
homeostasis™ and/or the production of ROS #'_Also since GSH is bound to Cd in an ineffective complex, the
hepatocytes are more vulnerable to Cd toxicity. Cd also caused damage to the hepatocytes by disrupting their
tight junction resulting in a damaged cell membrane. This causes an increase in cell permeability ensuing in
hydropic swelling of the hepatocytes. Secondary liver injury occurs from inflammatory processes that are
initiated by the activation of Kupffer cells.”® Activated Kupffer cells release chemoattractants and activators of
neutrophils, and the resulting neutrophil influx promotes extensive tissue damage.

It is important to point out that lipid peroxidation may produce injury by compromising the integrity of
membranes and by covalent binding of reactive intermediates to important biological molecules like GSH;
finally the process leads to necrosis and liver damage in general. Therefore, free radicals scavengers and
antioxidants may interfere with the toxicity of Cd.

Curcumin, an antioxidant and anti-carcinogenic substance, was reported to have a protective effect
against iron induced liver damage and lipid peroxidation of microsomal membrane |ipid829. It has been
suggested that curcumin can exert antioxidative effects either directly as chemical antioxidant due to its ability
to scavenge reactive oxygen and nitrogen free radicals or also by modulating cellular defenses which
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themselves exert antioxidant effects”. We chose to investigate the possible hepatoprotective effect of
curcumin because this antioxidant is a potent inhibitor of lipid peroxidation o

In the present investigation, the oral pre-treatment with curcumin did not inhibit liver damages
induced by Cd. The absence of protection by curcumin in Cd hepatotoxicity could also be ascribed to the
route and doses schedule used for the treatment with this antioxidant. The dose used in this study by gavage
may not have been sufficient. Similar results on the absence of curcumin protection on Cd hepatotoxicity were
obtained by Frank et al.”’. Since higher doses of curcumin showed protective effects against lipid peroxidation
in biological assays 33, the dose of curcumin used in this study may not have been enough to offer statistically
significant protection against the biochemical and histopathological changes induced by Cd.

The present work shows that lipid peroxidation (measured as MDA) increased significantly by Cd
administration. However, curcumin was not able to prevent MDA production and the decrease of hepatic
reduced GSH level. The most likely explanation for the absence of protection by curcumin is also that oral
consumption of curcumin in rats resulted in approximately 75% being excreted in the feces and only traces
appeared in the urine, suggesting poor absorption of curcumin. It has been shown that curcumin is
biotransformed to dihydrocurcumin, tetrahidrocurcumin, and hexahidrocurcumin; subsequently, these
products are converted to glucuronide conjugates34, which are more polar and have better absorption than
curcumin’®. Therefore, it is likely that the pharmacological actions of curcumin are caused by its hydrosoluble
derivatives. Hydrophilic compounds with anti-oxidant properties are more likely to act on GSH than on lipids,
where lipid peroxidation occurs, explaining the incapacity of curcumin to prevent lipid peroxidation.

In conclusion, this study demonstrates that oral pre-treatment with curcumin at dose of 250 mg/kg
BW did not recover the alterations induced by Cd at a significant statistically level. This study suggests that
the natural antioxidants curcumin did not offer protection against Cd-induced the toxicity of liver in rats.
Further detail study will be needed to clarify the mechanism of curcumin against Cd-induced liver injury.
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Effect of Preparation and Temperature Treatments on
Antimutagenicity against Urethane in Drosophila melanogaster
and Antioxidant Activity of Three Allium Members
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ABSTRACT

We investigated whether the effects of preparations (pounding or chopping) and heat
treatments (100°C or 200°C) modified the antimutagenicity of garlic, shallot and onion against urethane
induced somatic mutation and recombination in Drosophila melanogaster. Three-day old trans-
heterozygous larvae (mwh fir'/mwh TM3) were transferred to an experimental medium (containing a
treated sample) that had 20 mM urethane. The wings of surviving flies were analyzed for occurrence of
mutant spots. The results showed that all treated samples still had both antimutagenicity and
antioxidant activity (determined using DPPH scavenging capacity and ferric reducing antioxidant
power) and phenolic compounds (determined using Folin-Ciocalteu reagent). Treating garlic with
100°C and 200°C before preparations slightly reduced its antimutagenicity. It was proposed that heat
treatment slightly destroyed alliinase; thus, the formation of allicins and other organosulfur compounds
(commonly turn to be alkylsulfides or allicin derivatives which are the inducers of phase 2 detoxification
system) from alliin was reduced. On the other hand, pounding and chopping before applying heat
treatments reduced the antimutagenicity of shallot and onion while heat treatment had lower effect if
the samples still be a bulb or cut into large piece. It was proposed that the formation of sulfur
containing compounds derived from isoalliin by allinase during pounding and chopping were very
labile to atmosphere during the 10 min standing at room temperature. Thus the effect of preparation
and heat treatment unequally influenced on the antimutagenicity and the antioxidant activity including

total phenolic compounds of three Allium members.
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Introduction

Experimental and epidemiological studies provided evidence in support of association between
garlic intake and reduced cancer risk' including reduction of esophageal, mammary, skin, pulmonary,
forestomach, colon, and lung tumors ** These anticarcinogenic effects, as other biological properties of garlic
and onion, are attributed to specific organosulfur compounds present in very high levels in these vegetables.
The protective effects of these naturally occurring substances against cancer have been supported by many
experimental studies with animal models *® One mechanism may be the modification of carcinogen
metabolism via the modulation of drug-metabolizing enzymes. The organosulfur compounds were shown to
alter cytochromes P450 (CYP) and phase Il detoxication enzymes in different tissues in rats and mice ™ The
organosulfur compounds are efficient inhibitors of CYP2E1 in the rat liver 1 In addition, organosulfur
compounds have been reported to increase the activity of the phase Il detoxification enzymes in a variety of
rat tissues'™". These organosulfur compounds are produced through enzymatic hydrolysis of non-volatile
sulfur storage compounds, termed S-alk(en)yl-L-cysteine sulfoxides. These compounds were only generated
during tissue damage and preparation. However, most studies used the extract or the synthesized chemical
rather than the cooked Alliums plants simulating home preparation. Therefore, the aim of this study was to
investigate the effect of preparations and heat treatments on the antimutagenicity against urethane induced
somatic mutation and recombination in Drosophila melanogaster and their antioxidant activity of three Allium
namely, garlic, shallot and onion.

Materials and Methods

Chemicals and Sample preparation: Urethane (URE) was purchased from Sigma Chemical (St. Louis,
Mo, USA). Other chemicals were of laboratory grade. Garlic, shallot and onion obtained from a local market at
Salaya district were peeled, washed with tap water and drained. The samples were divided into seven groups
(Table 1). The first group was studied as raw. Samples in the second and third ones were pounded in a
mortar, left at room temperature for 10 min and heated at 100°C or 200°C. In the fourth and fifth ones, we
chopped each sample into small pieces (0.5 x 0.5 mm), left at room temperature for 10 min and heated at
100°C or 200°C. In the sixth and seventh groups, no preparation was applied to garlic and shallot whereas
onion bulb was cut into 4 large pieces (in order to reduce its size to fit the stainless tube), left at room
temperature for 10 min and heated at 100°C or 200°C. The temperatures of 100°C and 200°C represent the
temperatures of common boiling and stir-fry in oil, respectively. We put each sample in a clean stainless steel
tube and placed it in a water bath (100°C) or oil bath (200°C) for 5 min; then, we placed it in an ice bath and
adjusted moisture to its original content.

Table 1 Treatments of samples of this study

Group Sample Preparation Heat treatment Assigned treatment
1 Garlic, shallot and onion No No raw
2 Garlic, shallot and onion Pounding 100 pound/T100
3 Garlic, shallot and onion pounding 200 pound/T200
4 Garlic, shallot and onion chopping 100 chop/T100
5 Garlic, shallot and onion chopping 200 chop/T200
6 Garlic and shallot No 100 T100
Onion Cut into 4 big pieces 200 T200
7 Garlic and shallot No 100 T100
Onion Cut into 4 big pieces 200 T200

Experimental Design Each sample (10 g) was stirred 2 times with 80% methanol (25 ml) at room
temperature for 1 h. The solution was filtered through cotton mesh and Whatman filter paper No. 1. Each
extract was assayed for its antioxidant activity and total phenolic content. The DPPH assay was estimated
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using the procedure described by Fukumoto and Mazza " with some modifications. The extract was allowed
to react with the stable radical (DPPH) in order to evaluate the free radical scavenging activity. After
incubation at 37°C for 30 min, the absorbance of the solution was read in a microplate reader. The activity was
monitored by the decrease of the absorbance at 520 nm. The ferric reducing/antioxidant power (FRAP) assay
measures the ability of the antioxidants in the investigated samples to reduce ferric tripiridyltriazine (Fe3+—
TPTZ) to a ferrous form (Fe2+), which absorbs light at 600 nm was performed after 8 min using a microplate
reader '°. The total phenolic content of each extract was determined colorimetrically with the Folin—Ciocalteu
reagent, according to the method described by Amarowicz et al"® and modified the procedures of
measurement by using a microplate reader. The plate was mixed well and the absorbance of blue colored
mixtures was recorded at 750 nm with microplate reader after 30 min incubation.

Virgin females of Oregon wing flare strain (ORR/ORR; fIr'/TM3, Ser) were mated with males of
multiple wing hair strain (mwh/mwh) on regular medium to produce trans-heterozygous larvae of improved
high bioactivation cross (IHB). Both strains were obtained from the Institute of Toxicology (Swiss Federal
Institute of Technology, and the University of Zurich) and maintained on the regular medium as suggested by
Roberts'’ that had propionic acid (0.01 ml) as a preservative. The experiments were firstly conducted to obtain
the range of suitable concentrations of each treated Alliums sample that provided more than 50% survival of
adult flies and also explored whether each treated sample was mutagenic in SMART. The ratios of sample to
regular medium in the preparation of experimental media used in this investigation were 1:25 w/w and 1:40
w/w for treated garlic and 1:1 w/w and 1:2 w/w for treated shallot and treated onion. Each experimental
medium was homogenized using Ultra-Turrax ® T25 basic (IKA Labortechnik, Malaysia) in a beaker placed in
an ice bath. The medium (4.0 g) was transferred into a 15-ml test tube for mutagenicity assay. Regular
medium was used as a negative control and the regular medium containing urethane (1335 ppm) was used as
a positive control. An experimental medium containing URE was used for antimutagenicity study.

The mutagenicity of each sample (in the experimental medium) was assayed as described by Graf et

18
al.

and the antimutagenicity of each sample was assayed using the experimental medium containing URE.
The larvae were maintained on medium at 25£1°C until pupation. The surviving adult flies bearing the marker
trans-heterozygous (mwh+/+f/r3) indicated with round wings were collected. Subsequently, the wings were
removed, mounted and scored under a compound microscope for recording of the wing spot. Induction
frequencies of wing spots of Allium sample treated groups were compared with that of the negative control
group. The estimation of spot frequencies and confidence limits of the estimated mutation frequency were
performed with significant level of QL = B = 0.05. A multiple-decision procedure was used to decide whether a
sample was positive, weak positive, inconclusive or negative mutagen as described by Frei and Wurgler ",
Antimutagenicity was estimated using percentage of inhibition of total spots per wing calculated as
follows: percentage of inhibition = (a-b)/a x 100. Where “a” is the number of total spots per wing induced by
URE, “b” is the number of total spots per wing induced with URE administered with each sample. It was
proposed that percent of inhibition between 0-20%, 20-40%, 40-60% and higher than 60% were rated as

negligible, weak, moderate and strong antimutagenicity, respectively.

Result and Discussion

Antioxidant activity and amount of total phenolic compounds They are shown in Table 2. The
reduction of DPPH by antioxidants in the samples is expressed as Trolox equivalent antioxidant capacity (mg
TEAC/g wet weight) of garlic, shallot and onion are between 0.10 to 0.31, 0.19 to 0.31 and 0.07 to 0.25,
respectively. The FRAP values (mg Fe (Il)/g wet weight) of garlic, shallot and onion are between 103.93 to
277.84, 254.76 to 396.35 and 130.87 to 329.39, respectively. Overall results suggest that Allium sample that
were pounded and heated at 200°C had the highest antioxidant activity. Total phenolic contents (expressed as
mg gallic acid/g wet weight) of garlic, shallot and onion are in the range from 85.01 to 192.66, 91.89 to 130.67
and 29.41 to 95.89, respectively. The chopping and heating at 200°C applied to onion and shallot make them
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had the highest amount of phenolic compounds while heating at 200°C without pretreatment resulted the all
samples had the lowest value.

Table 2 Antioxidant activity and total phenolic content of methanolic extracts of samples.

Sample Assigned DPPH assay FRAP** Total phenolic
treatment TEAC* % Scavenging value content (GAE***)
Raw 0.18 22.41 142.69 171.16
Pound T100 0.15 18.35 137.04 147.87
Pound T200 0.31 38.35 277.84 154.14
Garlic Chop T100 0.10 11.81 11017 105.31
Chop T200 0.12 14.29 118.74 115.47
T100 0.16 19.05 139.38 192.66
T200 0.10 12.40 103.93 85.01
Raw 0.23 28.54 296.89 115.49
Pound T100 0.21 26.27 314.07 112.03
Pound T200 0.31 38.92 396.35 130.67
Shallot Chop T100 0.20 25.10 290.38 94.37
Chop T200 0.24 29.82 315.88 94.37
T100 0.24 30.05 310.09 127.70
T200 0.19 23.44 254.76 91.89
Raw 0.19 29.44 275.38 86.69
Pound T100 0.12 18.08 203.23 69.97
Pound T200 0.25 38.18 329.39 95.89
Onion Chop T100 0.11 15.51 169.05 7415
Chop T200 0.14 21.31 211.46 65.16
T100 0.12 17.98 218.21 74.98
T200 0.07 9.55 130.87 29.41

* TEAC = Trolox equivalent antioxidant capacity (mg TEAC/g wet weight).
** FRAP values = The FRAP values of the extracts were determined using the standard curve (mg Fe(ll)/g wet weight).

*** GAE = gallic acid equivalent of the extracts were determined using the standard curve (mg gallic acid/g wet weight).

Preparation and heat treatment applied to Allium samples increased their antioxidant activity. After
garlic is cut, chopped or crushed, alliin is immediately transformed to alkyl thiosulfinates by allinase and
converted spontaneously and quickly to alkyl sulfides™. The garlic derivatives, diallyl sulfide, diallyl disulfide
and allylmethyl sulfide possess antioxidant activities”. It was found that blanching (100°C for 90s) and frying
(without fat in a pan at 100°C during 10 min.) and then microwaving (65-70°C) of garlic (6 min) and onions (5
min) did not decrease the amounts of their bioactive compounds and the level of antioxidant activities™. The
brown color occurring during heat treatment of garlic sample in this investigation was due to non-enzymatic
browning mechanism Z ltis the amino-carbonyl (Maillard) reaction products of amino acids and sugars. Ide
et al* revealed that fructosyl arginine, a Maillard reaction product of aged garlic extract contributed to the
antioxidant activity of the garlic preparation.

Pretreatment and heat treatment effect on antimutagenicity The data given in Table 3 show the
percentage of inhibition (antimutagenicity) and rate of each sample. Treated garlic reduced the mutagenicity
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of urethane. Heating without pretreatment of garlic showed lesser antimutagenicity compared with other ones
which had pretreatments. On the other hand, pretreatment to shallot and onion resulted in less
antimutagenicity. Feeding higher concentration (3.85%) of treated sample gave greater antimutagenicity than
feeding the lower one (2.44%). In addition, the antimutagenicity of all treated samples slightly decreased when
they were stored for 1 month. This indicated that preparations and heat treatments influenced on the
antimutagenicity of each Allium members in this study.

Reduction of genotoxicity of a mutagen by natural compounds in garlic and onion through the
inhibition of mutagen activation is not surprised while pretreatment and temperature could modulate the
detoxification systems of Drosophila melanogaster has been revealed in this study. The chemoprotective
effects of diallyl sulfide, a flavor component of garlic, were attributed to its inhibitory effects on CYP2E1-
mediated bioactivation of certain carcinogenic chemicals * The bioactivation of acrylamide was diminished
by applying the CYP2E1 inhibitor diallyl sulfide %, Diallyl disulfide was the most effective organosulfur
compounds since it induced all Phase Il enzyme activities studied. The induction of extrahepatic detoxication
enzymes may contribute to the protection provided by organosulfur compounds against carcinogenesis in
several organs7. Organosulfur compounds were generated only during tissue damage and preparation Z

Heat treatment to unprepared garlic made it had lesser antimutagenicity since alliinase seemed to be
inactivated before it could transform inactive precursor of sulfur containing compounds. Contrastingly,
pounding or chopping the sample before heat treatment could demonstrate garlic’'s antimutagenicity. Song
and Milner®® revealed that crushing and leaving garlic for 10 min before microwave heating for 60 s prevented
the total loss of allyl sulfur compounds. However, it was shown that heat treatment of chopped garlic might
allow allicin and sulfides generated on the surfaces might disappear and only a small amount of alliin
remained in the pieces .

Pretreatment of shallot and onion by pounding or chopping before they were heated resulted lesser
antimutagenicity compared with that of the raw one. It is nearly the same as of garlic that when the cells of
onion and shallot are disrupted the enzyme alliinase is released to hydrolyse the S-alk(en)yl cysteine
sulphoxides to produce pyruvate, ammonia and many volatile sulfur compounds associated with flavor and
odor”. The most important compound found in sliced onions after 1 min emission of volatiles is propanethial S-
oxide which disappears after 30 min *'. This shows that naturally formed components of onion and shallot are
not stable even at room temperature.

The antimutagenicity of treated samples slightly decreased after 1-month storage. This might be due
to the fact that some antimutagens were not stable. Ichikawa et al. % studied the changes in organosulfur
compounds in garlic cloves during storage at different temperatures. They demonstrated that isoalliin
produced enzymatically from Y-L-glutamyl-S-(trans-1-propenyl)-L-cysteine was chemically converted to
cycloallin which was not trans-formed into thiosulfinates; therefore, it reduced the inducer of phase 2

detoxifying system.
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Antimutagenicity against Urethane of Mangosteen,
Durian Products and Their Combinations
in Somatic Mutation and Recombination Test

Jitwiriyatham P and Kangsadalampai K*

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

ABSTRACT

Lyophilized durian meat, lyophilized mangosteen meat, durian chip, durian paste and the
combinations (1:1, 1:2 and 2:1) of each durian product and mangosteen were determined for their
effect on urethane induced somatic mutation and recombination in Drosophila melanogaster. The
three-day old trans-heterozygous (mwh fir'/mwh TM3) larvae were transferred to an experimental
medium (substituted each sample for 25, 50, 75 or 100 % of corn flour) that had urethane (20 mM). We
analyzed for the occurrence of mutant spots of the wings from the surviving flies and found that most
samples enhanced the mutagenicity of urethane with different degree. The enhancement of urethane
mutagenicity might involve in the phenomenon that the chemical compounds in the samples induced
the activity of mixed function oxidases and saturation of enzymatic systems involved in the DNA repair
pathways since the amount of each sample incorporated into the fly medium seemed to be very high.
The results as such indicated that high consumption of durian and mangosteen should be with caution
since it might enhance the mutagenicity of the compounds contaminated in our daily food. However,
we surprisingly found that the combination of durian paste and mangosteen (2:1) had the highest
antioxidant activity (determined with DPPH scavenging capacity and ferric reducing antioxidant power
assays) as well as the content of phenolic compounds (determined with Folin-Ciocalteu reagent) while

durian chip contained the least antioxidant and phenolic compounds.

Keywords: Durian, Mangosteen, SMART, antimutagenicity, antioxidant activity
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Introduction

Currently, a focus towards finding natural compounds in Thai fruits that may prevent or treat cancer is
just the beginning. Thailand is an agricultural country. Thai people have a unique food culture owing to climate
and geographical features of place and perhaps also to Thai religious and racial features. Many tropical plants
have interesting biological activities with potential therapeutic applications. For example, Durian (Durio
zibethinus L.) is named ‘king of tropical fruit’ refers to two facets: the highly nutritional meat and the big thorns
on the skin, which apparently resembles the thorny thrones of the Asian kings of old " Mangosteen (Garcinia
mangostana Linn.) is named ‘the queen of fruits’ because many people agree that it is one of the best tasting
fruit in the world. The pericarp of mangosteen has been used as traditional medicines for the treatment of
abdominal pain, diarrhea, astringent, dysentery, infected wound, suppuration, chronic ulcer, leucorrhoea and
gonorrhoea It has also shown anti-inflammatory 3, antitumor, antioxidant 4, anticancer 5’6, inhibition of
prostaglandin E2 synthesis " and antibacterial activities.

Both mangosteen and durian have been cultivated and the consumption increases yearly. Most
consumers may be experienced of warmth in their bodies after having durian fruit as dessert. The traditional
method to counteract this effect is to have mangosteen that is considered to have quenching property.
However, there is no study carried out to evaluate other health benefit of mangosteen and durian. We are
interested to determine whether mangosteen, durian and their combinations can modify the mutagenicity of a
genotoxin in somatic mutation and recombination test (SMART) using Drosophila melanogaster.

Materials and Methods

Chemicals: Urethane (URE) was purchased from Sigma Chemical (St. Louis, Mo, USA). 2, 4, 6-
tripyridyl-s-triazine (TPTZ), ferric chloride hexahydrate, and ferrous sulfate heptahydrate were purchased from
Sigma Chemical (St. Louis, Mo, USA). 2, 2- diphenyl-1-picrylhydrazl (DPPH), gallic acid and Folin-Ciocalteu
reagent were purchased from Fluka Chemika (Buchs, Switzerland). Trolox was purchased from Aldrich
Chemical (Milwaukee, WI, Germany). Other chemicals were of laboratory grade.

Sample Preparation: Durian (Chanee variety) and mangosteen were purchased from local markets at
Salaya. The meat of each fruit was separated, lyophilized and ground to be fine powder. Durian chip was
ground to be powder. Durian paste sample was sliced into small pieces and dried in a desiccator containing
silica gel desiccant at room temperature. The combinations (1:1, 1:2 and 2:1) of durian or each durian product
and mangosteen were prepared. Each prepared sample was stored in a refrigerator until use.

Experimental Design Virgin females of Oregon wing flare strain (ORR/ORR; fIr'/TM3, Ser) were mated
with males of multiple wing hair strain (mwh/mwh) on regular medium to produce frans-heterozygous larvae of
improved high bioactivation cross (IHB). Both strains were obtained from the Institute of Toxicology (Swiss
Federal Institute of Technology, and the University of Zurich) and maintained on the regular medium modified
from the formula of Roberts et al. ° which had propionic acid (0.01 ml) as a preservative.

Firstly, the highest concentration of each sample that provided more than 50% survival of adult flies
was determined. It was also explored whether each sample was mutagenic in the somatic mutation and
recombination test (SMART). The experimental media containing 25, 50, 75 and 100 % of each sample or
each combination of durian and mangosteen substitute for corn flour were prepared and were used for
mutagenicity testing of each sample. URE solution (20 mM) was substituted for deionized water in the regular
medium and was used as a positive control medium. An experimental medium containing URE was prepared
by substituting the highest concentration of each sample that gives more than 50% survival rate for corn flour
in the positive control medium. Equal amount of each medium was transferred into a 15 ml test tube. This
medium was used for antimutagenicity study. The mutagenicity of each sample (in the experimental medium)
was assayed as described by Graf et al. ° and the antimutagenicity of each sample was assayed using the
experimental medium containing URE. The larvae were maintained on medium at 25+1°C until pupation. The
surviving adult flies bearing the marker trans-heterozygous (mwh+/+f/r3) indicated with round wings were
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collected. Subsequently, the wings were removed, mounted and scored under a compound microscope for
recording of the wing spot.

Induction frequencies of wing spots of sample treated groups were compared with that of the
deionized water negative control group. The estimation of spot frequencies and confidence limits of the
estimated mutation frequency were performed with significant level of o = B = 0.05. A multiple-decision
procedure was used to decide whether a sample was positive, weak positive, inconclusive or negative
mutagen as described by Frei and Wurglerw.

Antimutagenicity was estimated using percentage of inhibition of total spots per wing calculated as
follows: percentage of inhibition = (a-b)/a x 100. Where “a” is the number of total spots per wing induced by
URE, “b” is the number of total spots per wing induced with URE administered with each sample. It was
proposed that percent of inhibition between 0-20%, 20-40%, 40-60% and higher than 60% would indicate
negligible, weak, moderate and strong antimutagenicity, respectively.

One gram of sample (lyophilized durian meat, lyophilized mangosteen meat, durian chip or durian
paste) was extracted twice with 50 ml of 80% methanol at room temperature for 2 h; then the mixture was
filtered through cotton mesh and Whatman filter paper No. 1. The combination of each durian product and
mangosteen (1.5 g) was also extracted in the same manner with 75 ml of solvent. Each extract was assayed
for its antioxidant activity and total phenolic content. DPPH assay for free radical scavenging activity " and
ferric reducing antioxidant power '? of each methanol extract were performed. The total phenolic content " of
methanol extract from each sample was determined.

Results

The highest concentration of each sample that provided more than 50% survival was determined for
its mutagenicity and antimutagenicity. The number of total spots/wing obtained from the larvae fed each
sample were between 0.10 to 1.20 in trial 1 and 0.20 to 0.94 in trial 2 while that of the negative control were
0.47 t0 0.78 in trial 1 and 0.38 to 1.92 in trial 2 and of positive control were 10.20 to 14.60 in trial 1 and 7.10 to
19.67 in trial 2. This indicates that none of the sample was mutagenic.

The data shown in Table 1 demonstrate that all samples potentiately increased the number of total
spots induced by urethane. The percentages of enhancement are within the range of 9.00% of durian
meat:Mangosteen (2:1) to 77.41% of durian chip:Mangosteen (2:1).

Table 2 shows the antioxidant activity of each sample. The percentage of DPPH radical scavenging
activity of each sample is between 12.58 and 48.48%. The combination of durian paste and mangosteen (2:1)
has the highest scavenging activity. In addition, the FRAP values (UM ferrous tripyridyltriazine) of all samples
are between 58.00 and 494.33. The durian paste:mangosteen (1:2) has the highest reducing power. The total
phenolic content expressed as mg gallic acid equivalent per liter of each sample extract is in the range of
negligible to 101.833. Durian chip contains the least amount of phenolic compound while the combination of
durian paste and mangosteen (2:1) has the highest value.

Discussion

The results confirmed that such samples are safe for most consumers. None of samples was
mutagenic since they did not significantly induce the frequencies of mutant spots at any testing concentrations
to be higher than that of the negative control medium. The average size and survival rates of adult flies
obtained from larvae fed on medium containing each sample with various percents did not show any
difference compared with that of the control group (fed on regular medium).

The investigation indicated that high consumption of durian and mangosteen should be with caution
since it might enhance the mutagenicity of the mutagenic species contaminated in our daily food. The
presence of each sample in the medium increased the number of spots per wing induced by URE which had
been found in some fermented food and beverages.14 URE is metabolically activated by cytochrome P-450
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Table 2 Antioxidant activity and total phenolic content of methanolic extracts of each sample.

Ratio of durian % DPPH FRAP Total phenolic
Sample products and Scav.epging values' content ,
mangosteen activity* GAE (mg/l)
Durian meat - 24 137.00 32.83
Durian chip - 13 58.00 0
Durian paste - 38 291.33 56.50
Mangosteen - 35 233.67 51.33
Durian meat:Mangosteen 1:1 36 190.33 41.00
Durian meat:Mangosteen 1:2 38 185.33 38.83
Durian meat:Mangosteen 2:1 35 261.67 51.83
Durian chip:Mangosteen 1:1 34 291.33 34.17
Durian chip:Mangosteen 1:2 30 244.00 20.17
Durian chip:Mangosteen 2:1 35 351.00 4517
Durian paste:Mangosteen 1:1 43 368.67 48.00
Durian paste:Mangosteen 1:2 48 494.33 71.50
Durian paste:Mangosteen 2:1 48 431.67 101.83

*150 M DPPH.in 80% methanol had been used for this investigation
T FRAP values = uM ferrous tripyridyltriazine form after the addition of sample’

1 GAE = gallic acid equivalent (mg gallic acid/l).

enzyme system15 to be vinyl carbamate epoxide which is the carcinogenic active metabolite’®™ that is
detoxified with glutathione-S-transferase (GST) Conjugation.19 The mutagenicity of URE differently enhanced
by the samples might be due to the natural components of the samples that induced the catalytic activities of
cytochrome P-450 enzyme system (phase 1) or inhibited GST activity as well as decreased the amount of
glutathione of phase 2 detoxifying system in Drosophila melanogaster. Therefore, there is a need to identify
and/or quantify such compounds that pose such activities.

Fruits have long been regarded as having considerable health benefits, due to their main antioxidant
compounds, of which phenolics are the most abundant.** A large screening study of the antioxidant
capacity of methanolic extracts of fruits reported that these fruits contain different quantities of antioxidant
compounds and have different levels of antioxidant capacity.23

The results showed that all tested sample extracts had antioxidative characteristics, including the
abilities of radical-scavenging. The ripe Mon Thong durian had high content of bioactive compounds, namely,
total polyphenols, flavonoids including a flavonol named quercetin and anthocyanins.24 These compounds
possessed high antioxidant capacity. Therefore, flavonoids of durian should present their antimutagenic
activity mainly due to their ability to scavenge free radicals® that generated during the metabolism of
urethane. It was documented that N-hydroxyurethane, a urethane met<';1bo|ite,26’27 was hydrolyzed by esterase
to generate hydroxylamine and exerted its mutagenic effect in multiple organs via generating 02" and NO to
cause oxidation and depurination of DNA.”® However, many biological and pharmacological activities
attributed to quercetin that may be beneficial to human health have been closely linked with the potential
generation of reactive pro-oxidant intermediates.”* Pro-oxidant effects of flavonoids that cause damage to
the genetic material were reported.“ Sahu and Gray % explained the quercetin genotoxicity as a result of the
production of reactive oxygen species by redox cycling. Quercetin and other phenolic compounds give rise to
the superoxide anion by auto-oxidation, which in turn may lead to the formation of H20233 and subsequently to
DNA damage,34 base-pair substitutions and frame-shift mutations in the Ames test,” induction of chromosomal
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aberrations and sister chromatid exchanges in Chinese Hamster Ovary (CHO) cells.” This might explain why

durian and its products could enhance the mutagenicity of urethane.

Although the samples in this study had been lyophilized but it seemed to expose to oxygen after it
was incorporated into the experimental media. chin” identified 39 volatile compounds of durian including 22
esters, 9 sulphur-containing alkanes, 3 thioacetals, 2 thioesters, 2 thiolanes and 1 alcohol. Ethanethiol,
propanethiol, ethyl propanoate, methyl 2-methylbutanoate, propyl propanoate, ethyl 2-methylbutanoate, propyl
2-methylbutanoate, diethyl disulfide, ethyl propyl disulfide and diethyl trisulfide were reported as the major
volatile constituents that possessed the distinct strong onion-like odour, while esters were the predominant

%4 Rowe"' indicated that thiols, especially primary

volatiles that corresponded to the fruity odour.
compounds, were susceptible to oxidation even without the presence of oxygen. Thiol (SH)-containing
compounds were reported to be mutagenic in the Ames Salmonella typhimurium assay.42'45 It is well known
that the oxidation of phenolic compounds can generate reactive oxygen species, partially responsible for the

" Franke et al. *° analyzed orange juices and found that they had

observed mutagenicity of many chemicals.
both antioxidant and mutagenic potential that caused by polyphenol oxidase-generated quinones that were
already present in the fruits prior to juice production as suggested by Patrineli et al. 47 These quinones can
be converted to semiquinone radicals by loss of one electron, and can directly interact with DNA or facilitate
redox cycling. Thus, reactive oxygen species would be generated in the presence of molecular oxygen,

leading to oxidative stress and to DNA damage.“em’49

Zadernowski et al.” identified the composition of phenolic acids in various parts of mangosteen fruit
(Garcinia mangostana). They found that the major phenolic acids in the aril were p-hydroxybenzoic and
protocatechuic acids. In addition, the aril contained 28.0 + 3.0 mg per kg dry weight of other acids (such as
benzoic, cinnamic, mandelic and piperonylic), respectively. Protocatechuic acids in mangosteen may be of
interest since Krajka-Kuzniak et al” observed in rat liver and found that the activity of pentoxyresorufin O-
depentylase (PROD)-CYP2B in liver was increased by 21-27% after i.p. treatment with protocatechuic acid.
On the other hand, the phase 2 enzyme namely, NAD(P)H:quinone oxidoreductase (NQO1) activity was also
increased after protocatechuic acid treatment. NQO1 is generally assumed to possess the important
protective properties, both by detoxifying some carcinogenic compounds as well as by preventing the
generation of oxygen radicals. However, this enzyme may provide not only a cellular detoxifying system, but
also, with some substrates, an activating mechanism. Therefore, the finding that NQO1 can affect the
mutagenicity of urethane is warrant for further investigtation. Moreover, protocatechuic acid itself may be
metabolized via the tyrosinase bioactivating pathway to reactive quinine intermediates.” To a great extent, this

effect depends on the used species, tissue, dose and route of administration to the animals.

Both mangosteen and durian have been cultivated and the consumption increases yearly. Most
consumers may be experienced of warmth in their bodies after having durian fruit as dessert. The traditional
method to counteract this effect is to have mangosteen that is considered to have quenching property. The
absence of mutagenicity of each sample containing oxidised polyphenolic compounds during mutagenicity
test might possibly be due to lower concentration to express their mutagenicity or they were detoxified by the
system of the fly; however, its notorious effect was expressed as potentiating effect during co-administered
with urethane. Therefore, the modulating effect of both fruits in terms of enhancing the mutagenicity of

urethane is still of interest to pursue clearer mechanism.
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Different Antimutagenicity against Urethane between
Conventionally and Organically Grown Cruciferous Vegetables
(Brassica spp.)

Sakunasing P and Kangsadalampai K*

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

ABSTRACT

We lyophilized conventionally and organically grown Brassica vegetables (white cabbage, red
cabbage, Chinese kale, Chinese mustard and cauliflower) and determined for their antimutagenicity
against urethane in Drosophila melanogaster. We transferred three-day old trans-heterozygous (mwh
fir+/mwh TM3) larvae from regular medium to experimental medium that had 20 mM urethane as the
co-administration study. In the pre-feeding studies, we mated the parental flies on the experimental
medium to obtain three-day old larvae that were subsequently raised on the regular medium containing
urethane as the type 1 study or the experimental medium containing urethane as the type 2 study. The
mutant spots of the wings from the surviving flies were analyzed. In the co-administration study, the
antimutagenicity of conventional Chinese kale, Chinese mustard and cauliflower was higher than that
of the organic ones while organic white cabbage had higher antimutagenicity than that of conventional
one. In the pre-feeding studies, most samples (except organic cauliflower) exhibited their
antimutagenicity. The antimutagenicity of the samples might be due to induction the phase 2
detoxifying enzyme system of Drosophila by isothiocyanates commonly found in Brassica vegetables.
Since most organically grown vegetables are vulnerable to insect infestation that initialize the
hydrolysis of their glucosinolates to be unstable isothiocyanates; therefore, the antimutagenicity of
organic Chinese kale, Chinese mustard and cauliflower was lower than that of conventional ones. We
also found no difference among red cabbages. Surprisingly, the antioxidant activity (DPPH scavenging
capacity and ferric reducing antioxidant power) and amount of phenolic compounds (determined using
the Folin-Ciocalteu reagent) of all organic vegetables were higher than that of the conventional ones.

Keywords: Conventional vegetables, antimutagenicity, antioxidant activity
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Introduction

Brassica vegetables have been reported as good sources of antimutagens. Several epidemiological
studies showed that they were associated with reduction of cancer . Further studies of experimental animals
also demonstrated that feeding some of these vegetables could inhibit the development of some chemically
induced carcinogenes,is2’3 and resulted in the induction of phase 2 detoxifying enzymes such as glutathione-
S-transferase. It has been reported that natural compounds in these vegetables were effective in protection
against chemical carcinogenesis by modulating carcinogen metabolism.” Therefore, they are now being
favorite vegetable for Thai people. However, farmers in some area of Thailand heavily use chemicals and
fertilizers to increase the yield in conventional cultivation. There is no information that different types of
growing, namely conventional and organic ones have any effect on the contents of natural compounds in
Brassica vegetables. Therefore, it is of interest to investigate the difference between various conventional and
organically grown Brassica vegetables on modulation of genotoxicity of urethane in somatic mutation and
recombination test using Drosophila melanogaster and on the content of phenolic compound and antioxidant
activity.

Materials and Methods

Chemicals Urethane (URE) was purchased from Sigma Chemical (St. Louis, MO, USA). 2, 4, 6-
tripyridyl-s-triazine (TPTZ), Ferric chloride hexahydrate, and Ferrous sulfate heptahydrate were purchased
from Sigma Chemical (St. Louis, Mo, USA). 2, 2- diphenyl-1-picrylhydrazl (DPPH), Gallic acid and Folin-
Ciocalteu reagent were purchased from Fluka Chemika (Buchs, Switzerland). Trolox was purchased from
Aldrich Chemical (Milwaukee, WI, Germany). Other chemicals were of laboratory grade.

Samples Commercial conventional Brassica vegetables were purchased from three local markets in
Bangkok. Organically grown vegetables were purchased from supermarkets and came from several
producers such as Doi Kham, Wung Nam Khiew etc. They were certified by Organic Agriculture Certification
of Thailand (ACT) or Agriculture Ministry of Agriculture and Cooperatives. Sample from different producers
was mixed equally, lyophilized and homogenized to be powder and kept in a refrigerator.

Experimental Design Virgin females of Oregon wing flare strain (ORR/ORR; fIr'/TM3, Ser) were mated
with males of multiple wing hair strain (mwh/mwh) on regular medium to produce trans-heterozygous larvae of
improved high bioactivation cross (IHB). Both strains were obtained from the Institute of Toxicology (Swiss
Federal Institute of Technology, and the University of Zurich) and maintained on the regular medium modified
from the formula of Roberts” which had propionic acid (0.01 ml) as a preservative.

Each lyophilized conventional or organic vegetable was mixed with dry ingredients of regular medium
at the ratio of 1:1, 1:2, or 1:4 w/w in a 10 x 150 mm test tube in order to obtain the final total solid of 0.58 g.
Two ml of deionized water was added; the mixture was heated in a boiling water bath until it became sticky.
The final percentage of sample in each experimental medium was 11.24, 5.62 or 2.81%, respectively. These
media were used for mutagenicity evaluation. URE (20 mM) was substituted for deionized water in the regular
medium and was used as a positive control medium. Antimutagenicity studies were performed using the
medium (containing the highest amount of sample that gave more than 50% survival) that distilled water was
substituted by 2 ml URE.

The mutagenicity of each sample (in the experimental medium) was assayed as described by Graf et
al’ The larvae were maintained on medium at 25+1°C until pupation. The surviving adult flies bearing the
marker trans-heterozygous (mwh+/+f/r3) indicated with round wings were collected. Subsequently, the wings
were removed, mounted and scored under a compound microscope and recorded number of the wing spots.
Induction frequencies of wing spots of conventional or organic vegetable treated groups were compared with
that of the deionized water negative control group. The estimation of spot frequencies and confidence limits of
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the estimated mutation frequency were performed with significant level of o = B = 0.05. A multiple-decision
procedure was used to decide whether a sample was positive, weak positive, inconclusive or negative
mutagen as described by Frei and Wurgler7. Antimutagenicity was estimated using percentage of inhibition of
total spots per wing calculated as follows: percentage of inhibition = (a-b)/a x 100. Where “a” was the number
of total spots per wing induced by URE, “b” was the number of total spots per wing induced with URE
administered with each vegetable. It was proposed that percent of inhibition between 0-20%, 20-40%, 40—
60% and higher than 60% would indicate negligible, weak, moderate and strong antimutagenicity,
respectively.

Each sample (0.5 g) was stirred twice with 80% methanol (50 ml) at room temperature for 2 h. The
solution was filtered through cotton mesh and Whatman filter paper No. 1. DPPH assay for free radical
scavenging activity of each methanolic extract was performed as suggested by Fukumoto and Mazza.” Ferric
reducing antioxidant power (FRAP) was measured according to the procedure described by Griffin and
Bhagooli.9 The total phenolic content of methanolic extract from each sample was determined according to the
method described by Amarowicz et al"”

Results

The surviving of adult flies fed on most samples, except that of the studies on high concentration of
conventional Chinese mustard and Chinese kale, were more than fifty percents. None of the samples was
mutagenic since they did not significantly induce the frequencies of mutant spots to be higher than that of the
negative control (p<0.05) (data not shown). Co-administrating (Table 1) of urethane with each sample
indicated that most conventional vegetables had greater antimutagenicity than organic ones. The percent
inhibition on mutagenicity of URE with conventional Chinese mustard, Chinese kale and cauliflower were
65.93%, 50.30% and 33.03%, respectively while that of organic Chinese mustard, Chinese kale and
cauliflower were 34.07%, 37.68%, 5.17%, respectively. On the other hand, organic white cabbage expressed
its higher antimutagenicity (36.02 % inhibition) than that of conventional one (20.99% inhibition). The
antimutagenicity between conventional red cabbages (26.89%) and organic one (23.75%) was nearly the
same. In the pre-feeding studies (Table 2) most samples, except organic cauliflower, exhibited their
antimutagenicity. Conventional Chinese mustard and Chinese kale revealed better inhibition of urethane-
induced mutant spots (54.07% and 49.16%, respectively) in type 2 experiment than that in the type 1 study
(21.20% and 21.56%, respectively). On the other hand, Organic Chinese kale in type 1 study had better
inhibition (35.72%) than that of the type 2 study (16.33%).

The antioxidant activity of each conventional and each organic vegetables is shown in Table 3. The
reduction of DPPH by antioxidants in the samples expressed as the percentage of radical scavenging activity
was between 66.37 to 16.10%. In addition, the FRAP values (UM ferrous tripyridyltriazine) was between 225.88
to 1020.61 puM. The total phenolic contents of each sample varied between 53.51 to 195.74 mg gallic acid
equivalent per liter. The antioxidant activity and amount of phenolic compounds of all organic vegetables were
higher than that of the conventional ones. Organic red cabbage expressed the highest activities and phenolic
compounds as conventional white cabbage had the lowest value.

Discussion

Safety of conventional and organic vegetables: Most vegetables were safe in terms of mutagenicity
as seen from the results of SMART (data not shown). The adult flies fed on high concentration of conventional
Chinese mustard and Chinese kale had lower survival rate than fifty percents. It was proposed that chemical
pesticide residue generally found on conventional Chinese mustard and Chinese kale might be lethal to
Drosophila larvae. Alternatively, some natural pesticides (isothiocyanates) in each sample might retard the
growth of larvae or even killed them. Lichtenstein et al."" found that root extracts of Brussels sprouts were very
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toxic to Drosophila melanogaster and Musca domestica (common housefly). They suggested that the toxicity
was in most cases strongly correlated with phenylethyl isothiocyanate content. Therefore, the amount of
Chinese mustard or Chinese kale in the experimental medium was reduced to 5.62% (medium concentration)
while that of other samples was 11.24% (high concentration).

Table 1 Antimutagenicity of each sample on URE (20 mM) in Drosophila melanogaster in the co-administration study

No. Spots per wing (Number of Spots), statistical diagnoses* % Inhibition
Semale tegezlbize of wing Small single Large single Twin Total (rate™)
(m=2) (m=5) (m=5) (m=2)

Negative control 40 0.20 (8) 0.05 (2) 0.05 (2) 0.30 (12)

Positive control (urethane) 38 11.13 (423)+ 6.03 (229) + 0.97 (37) + 18.13 (689)+

white cabbage conventional 40 8.93(357) + 4.18(167) + 1.23(49) + 14.33(573) + 20.99(w)
organic 40 6.75(270) + 3.90(156) + 0.95(38) + 11.60(464) + 36.02(w)

red cabbage conventional 39 7.36(287) + 4.13(161) + 1.77(69) + 13.26(517) + 26.89(w)
organic 40 7.25(290) + 4.90(196) + 1.68(67) + 13.83(553) + 23.75(w)

Negative control 40 0.15(6) 0.05(2) 0 0.20(8)

Positive control (urethane) 40 6.60(264) + 5.13(205) + 0.75(30) + 12.48(499) +

Chinese mustard conventional 20 2.60(52) + 1.60(32) + 0.05(1)i 4.25(85) + 65.93(s)
organic 40 4.45(178) + 3.13(125) + 0.65(26) + 8.23(329) + 34.07(w)

Chinese kale conventional 40 2.53(101)+ 3.28(131)+ 0.40(16)+ 6.20(248)+ 50.30(m)
organic 40 4.08(163)+ 3.20(128)+ 0.50(20)+ 7.78(311)+ 37.68(w)

Negative control 40 0.40(16) 0.05(2) 0.00 0.45(18)

Positive control (urethane) 40 7.48(299)+ 4.90(196)+ 1.18(47)+ 13.55(542)+

cauliflower conventional 40 4.50(180)+ 3.75(150)+ 0.83(33)+ 9.08(363)+ 33.03(w)
organic 40 8.55(342)+ 3.10(124)+ 1.20(48)+ 12.85(514)+ 5.17(n)

* Statistical diagnoses using estimation of spot frequencies and confidence limits according to Frei and Wirgler (1988) for comparison with
distilled water (negative control); + = positive; - = negative; i = inconclusive; m = multiplication factor. Probability level: 0L = B =0.05.
One-sided statistical tests. **w = weak antimutagenicity, m = moderate antimutagenicity, s = strong antimutagenicity.

Antimutagenicity of conventional and organic vegetables: Overall results of the present investigation
showed that most conventional and organic Brassica vegetable could reduce the mutagenicity of URE. The
antimutagenicity against URE of these vegetables might belong to the fact that URE is metabolically activated
by cytochrome P-450 (CYP-450) enzyme system to vinyl epoxidem’13 that is further detoxified with glutathione-
S-transferase (GST) conjugation,14 therefore, any substance that is an inducer of GST or an inhibitor of CYP-
450 system is antimutagen. Chemoprevention by cruciferous vegetables is associated with a significant
increase in activities of the phase 2 detoxification enzymes, namely GST and NADPH: quinine reductase
resulting in less initiation of chemical-induced Carcinogenesis.15 Indole-3-carbinol was also found to be an
inducer of enzymes involved in the detoxification of xenobiotics.""  The anticarcinogenic action of
isothiocyanates, normal constituents of Brassica species, against nitrosamines was proposed to be due to
inhibition of bioactivation of the nitrosamines, the CYP2E1-dependent activity.18 An inhibitor of CYP2E1 namely,
phenylethyl isothiocyanates (PEITC) effectively blocked the bioactivation of 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanone (NNK) in rat and also induce a number of phase 2 enzymes.w9
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Table 2 Antimutagenicity of each sample on URE (20 mM) in Drosophila melanogaster in the pre-feeding type 1 and 2 studies.

Pre- No. Spots per wing (Number of Spots), statistical diagnoses* % Inhibition
Sample Vegetables  feeding of Small single Large Twin Total (rate*)
type wing (m=2) single(m=5) (m=5) (m=2)
Negative control 40 0.73(29) 0 0 0.73(29)
Positive control 34 6.56(223)+ 4.41(150)+ 0.53(18)+ 11.50(391)+
White cabbage conventional 1 39 4.85(189)+ 2.79 (109)+ 0.38(15)+ 8.03(313)+ 30.21(w)
2 40 4.90(196)+ 2.10(84)+ 0.58(23)+ 7.58 (303)+ 34.13(w)
White cabbage organic 1 40 4.45(178)+ 2.83(113)+ 0.53(21)+ 7.80(312)+ 32.17(w)
2 40 4.93(197)+ 3.00(120)+ 0.65(26)+ 8.58(343)+ 25.43(w)
Negative control 40 0.45(18) 0.08(3) 0 0.53(21)
Positive control 40 6.68(267)+ 3.70(148)+ 0.50(20)+ 10.88(435)+
Red cabbage conventional 1 40 4.70(188)+ 2.35(94)+ 0.48(19)+ 7.53(301)+ 30.80(w)
2 40 4.45(178)+ 2.20(88)+ 0.45(18)+ 7.10(284)+ 34.71(w)
Red cabbage organic 1 40 5.25(210)+ 2.35(94)+ 0.78(31)+ 8.38(335)+ 22.99(w)
2 40 5.08(203)+ 3.00(120)+ 0.73(29)+ 8.80(352)+ 19.08(n)
Negative control 40 0.30(12) 0.08(3) 0 0.38(15)
Positive control 40 6.73(269)+ 4.58(183)+ 0.68(27)+ 11.98(479)+
Chinese mustard conventional 1 39 5.28(206)+ 3.44(134)+ 0.72(28)+ 9.44(368)+ 21.20(w)
2 12 5.25(63)+ 0.25(3)i 0 5.50(66)+ 54.07(m)
Negative control 40 0.45(18) 0.05(2) 0 0.50(20)
Positive control 38 6.89(262) 3.76(143) 0.82(31) 11.47(436)
Chinese mustard organic 1 40 4.60(184)+ 3.55(142)+ 0.50(20)+ 8.65(346)+ 24.61(w)
2 40 4.80(192)+ 3.38(135)+ 0.68(27)+ 8.85(354)+ 22.87(w)
Negative control 40 0.45(18) 0.05(2) 0 0.50(20)
Positive control 38 6.89(262)+ 3.76(143)+ 0.82(31)+ 11.47(436)+
Chinese kale conventional 1 40 5.25(210)+ 3.15(126)+ 0.60(24)+ 9.00(360)+ 21.56(w)
2 36 3.33(120)+ 2.25(81)+ 0.25(9)+ 5.83(210)+ 49.16(m)
Chinese kale organic 1 40 4.60(184)+ 2.23(89)+ 0.55(22)+ 7.38(295)+ 35.72(w)
2 40 5.53(221)+ 3.23(129)+ 0.85(34)+ 9.60(384)+ 16.33(n)
Negative control 40 0.55(22) 0.05(2) 0.05(2) 0.65(26)
Positive control 36 9.31(335)+ 6.00(216)+ 1.36(49)+ 16.67(600)+
Cauliflower conventional 1 20 5.50(110)+ 4.45(89)+ 0.75 (15)+ 10.70(214)+ 35.80(w)
2 36 6.33(228)+ 2.92(105)+ 0.67(24)+ 9.92(357)+ 40.50(m)
Cauliflower organic 1 40 8.00(320)+ 6.33(253)+ 1.50(60)+ 15.83(633)+ 5.05(n)
2 37 8.22(304)+ 6.16(228)+ 1.68(62)+ 16.05(594)+ 3.68(n)

* Statistical diagnoses using estimation of spot frequencies and confidence limits according to Frei and Wurgler (1988) for comparison with
distilled water (negative control); + = positive; - = negative; i = inconclusive; m = multiplication factor. Probability level: ( = ( = 0.05. One-
sided statistical tests. **w = weak antimutagenicity, m = moderate antimutagenicity, s = strong antimutagenicity.

Table 3 Antioxidant activity and total phenolic content of methanolic extracts of each conventional or organic sample.

Sample

Vegetables

% DPPH Scavenging activity*

FRAP values**

GAE (mg/l)***

Total phenolic content

White cabbage

Red cabbage

Chinese mustard

Chinese kale

Cauliflower

conventional
organic
conventional
organic
conventional
organic
conventional
organic
conventional
organic

16.095
22.533
66.370
73.316
28.378
34.773
19.017
33.799
25.498
34.096

225.889 + 17.80
342.278 +19.37
801.722 +42.87
1020.610 +40.41
272.556 +13.92
565.333 +19.70
398.111 +20.63
482.833 £5.55
347.000 £12.92
473.944 £35.38

53.519 £17.46
114.630 +46.17
174.259 £32.85
195.741 £30.84
89.815 £14.50
134.630 £54.82
110.556 £18.36
172.407 +32.51
69.444 £10.94
153.148 £19.06

*150 uM DPPH in 80% methanol had been used for this investigation
** FRAP values = pM ferrous tripyridyltriazine form after the addition of sample; *** GAE = gallic acid equivalent (mg gallic acid/l)
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The result that most conventional vegetables had greater antimutagenicity than organic ones might
be due to the fact that most organically grown vegetables were vulnerable to insect infestation that initialize
the hydrolysis of their indole glucosinolates (glucobrassicins) found in the family Brassicaceae’ to be unstable
indole-3-carbinol. Indole-3-carbinol is reported to upregulate the gene expression of the phase 1 enzyme and

21,22 .
However, indole-3-

the phase 2 enzymes GST and oxidoreductases in prostate and breast cancer cells.
carbinol is unstable in agueous solutions.” Therefore, the antimutagenicity of organic Chinese kale, Chinese
mustard and cauliflower was lower than that of conventional ones. In addition, Velasco et al.”* evaluated the
changes in the total and individual glucosinolate concentrations of kale (B. oleracea acephala) after insect
attack in four locations in northwestern Spain. They found that total and individual glucosinolate concentrations
related to insect attack. Leaves damaged by lepidopterous insect contained lower total glucosinolate content
(25.8 pmol g/dw) than undamaged leaves (41 pymol g/dw) and the amounts of sinigrin, glucoiberin, and
glucobrassicin were also lowest in insect-damaged leaves. Because chewing insects causes tissue disruption
thereby bringing glucosinolates into contact with myrosinase and resulting in the production of a variety of
toxic degradation products including isothiocyanates (natural pesticide in plant against insects), hence

. . . . 25
glucosinolates in plant tissue is reduced.

The result that organic white cabbage had higher antimutagenicity than that of conventional one was
an exception. It might be because management practices (e.g. fertilizer application) have its specific
influences on the contents of glucosinolates. Dick-Hennes et al.”® found that a reduction in mineral nitrogen
application caused an increase in the non-protein sulphur content in kohlrabi, cabbage and radish. It also
indirectly affected the increased availability of methionine as a precursor of alkyl glucosinolate. Krumbein et
al”’ found that an increased level of mineral nitrogen fertilizer in a field experiment with broccoli decreased the
content of the alkyl glucosinolates namely glucoraphanin and glucoiberin. Therefore, the explanation why
conventional white cabbage had less antimutagenicity might be due to heavy application of mineral N fertilizer
that affected the synthesis of alkyl glucosinolate group which are the inducers of detoxifying system.

The results from pre-feeding study on both types of vegetables showed that the larvae fed
conventional grown vegetables especially Chinese kale and Chinese mustard had greater antimutagenicity
against urethane induced wing spots. This suggests that these two vegetable could synthesis any compounds
that were capable of stimulating the detoxification system of the fly. On the other hand, the finding those
larvae fed on organic vegetables for longer time decrease the detoxification against urethane.

Antioxidant activity and total phenolic content: Epidemiological data strongly suggest that vegetables
having antioxidant activities have strong protective effects against major degenerative diseases including
cancer and cardiovascular diseases.”’ The information obtained from this study revealed that Brassica
vegetables both organically and conventional grown vegetables contained antioxidant activity.

It was interesting that all organic vegetables contained higher antioxidants and amount of phenolic
compounds. The application of pesticides and fertilizers has been previously reported to modulate the
biosynthesis of phenolics in plants and the use of them has been found to decrease in phenolic compound
content in apple fruits.”>* Conventional agricultural practices utilize levels of synthetic pesticides that can
result in a disruption of the natural defense production of phenolic metabolites in the plant (may reduce the
need for natural plant defense).31 Since no synthetic pesticide is used in organic vegetable production;
therefore, such produce has more susceptibility to the action of herbaceous insects. From this reason, the

%% Most studies on the

plant synthesizes higher amounts of phenolic compounds as a mean to defend itself.
mechanism conferring plant resistance report that an increase in both the phenolic compounds and the
activity of phenoloxidase (and oxidative enzymes in general) is associated with an improvement of the
resistance against phytopathogens and herbivorous animals.*® Fertilization is an important aspect to

consider when comparing organic and conventional agriculture. Toor et al.” revealed in their study that the
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mean total phenolic content of tomatoes grown using chicken manure and grass-clover mulch was higher than
the tomatoes grown with mineral nutrient solutions. The presence of easily-accessible nitrogen in conventional
soil and making nitrogen more available for the plants may decrease the production of phenolic antioxidants
as plants devote a larger proportion of resources to growth rather than the biosynthesis of polyphenols (plant

secondary metabolites).37'38

Organic fertilization typically does not provide nitrogen in easily-accessible form
resulting on restricted plant growth due to slow nutrient availability in the organic treatments. This may be
responsible for an increased production of phytochemical content and phenolic metabolites.” Haukioja et al.”
showed that a negative correlation between growth and the synthesis of secondary carbon containing
metabolites (C-compounds). When nitrogen is readily available, plants will primarily make compounds with
high nitrogen content (e.g., proteins for growth) but when nitrogen is limited availability, metabolism changes
more towards carbon-containing compounds such as starch, cellulose, and non-N containing secondary
metabolites such as phenolics and terpenoids. The relative differences in the release of nutrients from various
fertilizers could lead to different carbon/nitrogen ratios in plants and this in turn could lead to a difference in
the production of secondary metabolites.” Therefore, the increase in polyphenol content observed in organic
vegetable may support the hypothesis of enrichment in plant defense mechanisms against stresses such as
pest attack or infestations and the hypothesis of slow release of nutrients by application of organic fertilizer

through an increase in endogenous polyphenols.
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Antimutagenicity of Some Thai Dishes on Urethane Induced
Somatic Mutation and Recombination in Drosophila melanogaster

Kangsadalampai K* and Pratheepachitti N
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ABSTRACT

This study examined the mutagenicity of Thai dishes, namely Thai main dishes (Tom Yam
Kung, Kaeng Liang, Kaeng Som Pak Ruam, NamPrik Kapi, Nam Prik Makam, and Yam Tua Pu) and
Thai one dish meals (Khaow Yam Pak Tai, Khanomjeen Nam-ngiew and Khaow Man Som Tam). The
antimutagenicity of the samples on urethane (URE) induced somatic mutation and recombination in
Drosophila melanogaster was also determined. Eighty trans-heterozygous Drosophila melanogaster
larvae, aged three-days old, obtained from virgin ORR, i’ virgin female and mwh male were
transferred to a test tube containing each Thai dish mix with regular medium (mutagenicity study) or
regular medium containing 36 mM URE (antimutagenicity study) until they became adult flies. The
ratios (w/w) of Thai dish and a mixture of regular medium or regular medium containing URE were 1:1,
1:2 and 1:4. The occurrences of mutant spots on the round wing of surviving flies were analyzed. It was
found that all Thai dishes were not mutagenic. The antimutagenicity of three kinds of Thai dishes at
ratios of 1:1 and 1:2 were 61-94 percent inhibition and at a ratio of 1:4 were about 45 — 83 percent
inhibition. The antimutagenic mechanisms were not clearly elucidated in this study but rather
suggested the effects of many antimutagens in the components of each dish. The findings from the
present experiment seems to justify the claim that Thai dished are good for health, aside from its
superb sensory attributes as produced by mixtures of different ingredients.
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Introduction

Many traditional cuisines, such as Mediterranean cookery, Japanese food preparation, and Thai diet
are interesting because of their health benefits. Thai traditional diet is characterized with high amount of
vegetables, fruits, herbs and spices.1 Thai people consume in large quantity mixtures of various kinds of
spices and prepared as curry pastes. Several studies reported that components of diet could be a major
factor in modulating the risk of cancer, for instance, Thai edible plants have been reported for their
antimutagenic or anticarcinogenic potency, in vitro and in vivo.”® However, most studies used the extract or
the unprocessed plants rather than the dishes of complex mixtures of many ingredients that may interact with
each other. Only curry pastes which are mixtures of dried chilies, shallots, garlic and other ingredients
depending on types of curry paste have been evaluated for possible antigenotoxicity.6 They are used as the
main ingredient in Thai curry dishes but no in-vivo study to evaluate the antimutagenic effect of Thai dishes
was undertaken. Therefore, the Drosophila somatic mutation and recombination test (SMART) system has
been employed in the present study to assess the effect of various Thai dishes in modulating the genotoxicity
of urethane which is a promutagen metabolically activated by the cytochrome P-450 enzyme system.7

Materials and Methods

Chemicals and Samples: Urethane (URE) was purchased from Sigma Chemical (St. Louis, Mo, USA).
Food Chemistry Division (Institute of Nutrition Mahidol University) provided the dishes for this experiment.
Ingredients of each Thai dish are shown in Table 1. Each sample was homogenized as paste and kept

refrigerated until used. Other chemicals were of laboratory grade.

Experimental Design Virgin females of Oregon wing flare strain (ORR/ORR; fir'/TM3, Ser) were mated
with males of multiple wing hair strain (mwh/mwh) on regular medium to produce trans-heterozygous larvae of
improved high bioactivation cross (IHB). Both strains were obtained from the Institute of Toxicology (Swiss
Federal Institute of Technology, and the University of Zurich) and maintained on the regular medium modified
from the formula of Roberts® which had propionic acid (0.01 ml) as a preservative.

Appropriate amount of each Thai dish was added to regular medium at the ratio of 1:1, 1:2, or 1:4 w/w
and it was homogenized; the final percentage of sample in each experimental media was 50%, 33% or 25%,
respectively. Equal amount of each mixed medium was transferred into a 15 ml test tube. Each medium was
used as an experimental medium for mutagenicity testing of each dish. URE (36 mM) was substituted for
deionized water in the regular medium and was used as a positive control medium. An experimental medium
containing URE was prepared by adding each Thai dish into the positive control medium at the same ratio
described above and homogenized. Equal amount of each mixed medium was transferred into a 15 ml test
tube. This medium was used for antimutagenicity study. The mutagenicity of each sample (in the experimental
medium) was assayed as described by Graf et al’ and the antimutagenicity of each sample was assayed
using the experimental medium containing URE. The larvae were maintained on medium at 25+1°C until
pupation. The surviving adult flies bearing the marker trans-heterozygous (mwh+/+f/r3) indicated with round
wings were collected. Subsequently, the wings were removed, mounted and scored under a compound

microscope for recording of the wing spot.

Induction frequencies of wing spots of Thai dishes treated groups were compared with that of the
deionized water negative control group. The estimation of spot frequencies and confidence limits of the
estimated mutation frequency were performed with significant level of a = B = 0.05. A multiple-decision
procedure was used to decide whether a sample was positive, weak positive, inconclusive or negative
mutagen as described by Frei and Wurgler.10

Antimutagenicity was estimated using percentage of inhibition of total spots per wing calculated as
follows: percentage of inhibition = (a-b)/a x 100. Where “a” is the number of total spots per wing induced by
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URE, “b” is the number of total spots per wing induced with URE administered with each Thai dish. It was
proposed that percent of inhibition between 0-20%, 20-40%, 40-60% and higher than 60% were classified as
negligible, weak, moderate and strong antimutagenicity, respectively.

Results

Table 1 presents the common ingredients and amount of each recipe. All Thai dishes, namely Thai
main dishes (Table 2) and Thai one-dish meals (Table 3) reduced the number of URE-induced wing spots
when each dish, along with URE, was administered to the three-days-old larvae. Most dishes added to the
positive control medium at the ratio 1:1 and 1:2 showed strong antimutagenicity against the genotoxicity of
URE (61-94% inhibition). Only the ratio 1:4 of some sample to the positive control medium revealed moderate
antimutagenicity. Similar trends were obtained in both first and second trials. Only Kanomjeen Nam-ngiew
(Table 3) showed weak to strong antimutagenicity effect against URE depending on the amount of the dish in
the medium. This revealed that percentage of inhibition is dependent on the amount of each Thai dish added
to the fly medium.

Discussion

Safety of Thai Dishes: Traditional Thai dishes are safe in terms of mutagenicity as resulted from
Drosophila melanogaster tests. The average size and survival rates of adult flies obtained from larvae fed on
medium containing each Thai dish with 1:1 ratio did not show any difference compared with the control group
(fed on regular medium). Only the larvae fed on the highest amount (1:1 ratio) of either Nam Prik Makam or
Nam Prik Kapi had smaller size and lower number of surviving adult flies. These dishes that contain table salt
might retard the growth of larvae or even killed the larvae. Analysis performed by the Division of Food
Chemistry, Institute of Nutrition, showed that both Nam Prik Kapi and the Nam Prik Makam contained 22 mg
sodium per 100 g. Kangsadalampai and Sommani'' found that size of Drosophila larvae fed on salty
fermented soybean products namely; soy paste (26 mg sodium chloride per g) and sufu which was preserved
bean curd (37 mg sodium chloride per g) were smaller than that of the negative control group and also had
lower survival rates. However, this should not pose any problem to consumer since both dishes have strong
flavor (i.e. hot, salty, sweet and sour) because only small amount is consumed with large amount of fresh,
steamed or boiled vegetables or deep-fried mackerels.

The high unsaturated fatty acids content of vegetable oil used in Nam Prik Makam could contribute
to high level of free radicals that may cause toxicity on Drosophila melanogaster. This organism generally
lacks superoxide dismutase,m'13 thus, some have no resistance to its toxic content. To prevent this effect of
experimental medium to fly development, the amount of sample incorporated in the regular medium was
reduced to 1:2 and 1:4.

Antimutagenicity of Thai dishes: URE is metabolically activated by cytochrome P-450 enzyme system
(7). Vinyl epoxide, the reactive intermediate of URE metabolism, is the carcinogenic active metabolite.”
Kemper15 reported the carcinogenic metabolites of URE are detoxified with glutathione-S-transferase (GST)
conjugation. Substantial information indicated that the mutagenicity of URE decreased in the presence of
antimutagens or anticarcinogens in many food and beverages. Overall results of the present investigation
showed that most Thai dishes could reduce the mutagenicity of URE. This protective outcome could be the
result of more than one mechanisms and the antimutagenicity could be the total effect of all ingredients in
each Thai dish.
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Table 1 Ingredients of each Thai dish
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Dish

English name

Ingredients of each Thai dish

Sub-group

Food item and amount per recipe (g)

Kaeng Liang

Kaeng Som Pak
Ruam

Nam Prik Kapi*

Nam Prik
Makam*

Tom Yam Kung

Khanom-jeen
Nam-ngiew

Khaow Man
Som Tam

Khaow Yam Pak
Tai

Thai style
vegetable
soup

Sour and
spicy curry

Dried shrimp
paste dip

Tamarind dip

Sour and
spicy prawn
soup

spicy rice
noodles

Oily Rice With
Spicy Papaya
Salad

Rice salad

main

chili paste

seasoning
main

main

seasoning
main

main

seasoning

Main

chili paste

side dish

(vegetables)

Khaow-Man

Som Tam

main

side dish
(vegetable/fruit)

peeled pumpkin (121), hairy basil leaves (73), ivy
gourd leaves (81), sponge gourd (109), mushrooms-
straw (150), bottle gourd (100), soup stock (1188),
pepper (3.5), peeled shallot, sliced (89), shrimp paste
(20), ground dried shrimp (44)

fish sauce (17)

snake head fish (215), meat snake-head fish (110),
water (1069), long beans (210), young water melon
(240), cabbage (230), sesbania flowers (150)

grilled shrimp paste (43), hot chili (4.6), peeled garlic
(18.9), ground dried shrimp (3.5), pea aubergine (36),
ripe ma-euk, sliced (20), old round aubergine seed
(4), red hot chili (1)

fish sauce (28), lime juice (50), palm sugar (47)

peeled young tamarind (95), hot chili (2.8), chopped
peeled garlic (24), grilled shrimp paste (28), soybean
oil (23), ground dried shrimp (12)

giant fresh water prawn (441), mushroom-straw (420),
young galangal (15.4), kaffir lime leaves (1.5), lemon
grass (29), hot chili (4.7), coriander leaves (7), soup
(832)

fish sauce (73.6), lime juice (73.8)

Thai noodle or Khanom Jeen (400), small cubes pork
blood (138), pork chop (75), small tomato (139.4),
dried red cotton flowers (2.3), pork cartilage stock
(600), chopped pork cartilage (262), water (865)

dried chili (11.5), shrimp paste (3.7), sliced shallots
(44.4), sliced peeled garlic (10), sliced galangal (2.8),
sliced coriander rhizomes (2.9), dried fermented
soybean (22.5), vegetable oil (16.8), fish sauce (62)
mung bean sprouts (200), sliced fermented chinese
cabbage (80), spring onion, sliced (12), sliced
coriander leaves, (4), lime juice (26.8), fried garlic
(7.4), fried-dried chili (5.8)

rice (250), coconut milk (356), grated coconut (300),
water (238), sugar (16), salt (4), pandatus leaves (2
leaves)

raw papaya (227), peeled garlic (5), dried chili (3),
pepper (0.1), tamarind extract (31.5), fish sauce
(46.5), palm sugar (62.8), lime juice (29.5), ground
dried shrimp (10), hot chili (2.2), small lime peels (8),
vegetables lettuce (75), coral leaves (20)

cooked rice (780), fried sun-dried rice (167), ground
dried shrimp (73), roasted grated coconut (96), lime
juice (96), ground chili (8.3),pounded budu (250),
salty budu (125), palm sugar (190), pounded lemon
grass (30), pounded galangal (18), kaffir lime leaves
(3.7), pounded shallot (57.7), water (505)

long bean (249), mung bean sprout (395), sliced
cucumber (181), fine sliced kaffir lime leaves (11), fine
sliced lemon grass (120), fine sliced wild betel leaves
(27), pomelo, edible portion (454)

*Generally consumed with a combination of various vegetables
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Table 2 Effect of each Thai main dishes on URE-treated Drosophila melanogaster

% of Spots per wing a (Number of spots from 40 wings) Antimites
sample . . . Percent .
Sample ) Small single  Large single Twin Total I genicity
in the fly Inhibition o
) (m=2.0) (m=5.0) (m=5.0) (m=2.0) classification
medium
First trial
Water - 0.2(8) 0.00(0) 0.00(0) 0.2(8) - -
36 mM Urethane - 13.30(532)+ 2.68(107)+ 0.30(12)+ 16.28(651)+ 0 -
Tom Yam Kung 50 2.85(114)+ 0.98(39)+ 0.22(9)+ 4.05(162)+ 76 strong
33 2.95(118)+ 0.60(24)+ 0.10(4)+ 3.65(146)+ 78 strong
25 5.70(228)+ 1.15(46)+ 0.10(4)+ 6.95(278)+ 59 moderate
Kaeng Liang 50 1.80(72)+ 0.05(2)+ 0.00(0) 1.85(74)+ 87 strong
33 3.18(127)+ 0.40(16)+ 0.10(2)+ 3.63(145)+ 74 strong
25 5.13(205)+ 0.85(34)+ 0.20(8)+ 6.18(247)+ 56 moderate
Kaeng Som Pak Ruam 50 3.40(136)+ 0.97(39)+ 0.08(3)+ 4.45(178)+ 68 strong
33 3.32(133)+ 1.45(58)+ 0.17(7)+ 4.95(198)+ 65 strong
25 4.78(191)+ 2.45(98)+ 0.32(13)+ 7.55(302)+ 46 moderate
Nam Prik Kapi 50 3.58(143)+ 0.25(10)+ 0.15(6)+ 3.98(159)+ 78 strong
33 3.60(144)+ 0.55(22)+ 0.23(9)+ 4.38(175)+ 76 strong
25 6.35(254)+ 1.25(50)+ 0.22(9)+ 7.82(313)+ 57 moderate
Nam Prik Makam 50 2.56(41)+ 0.38(6)+ 0.00(0) 2.94(47)+ 83 strong
33 6.40(256)+ 2.00(80)+ 0.30(13)+ 8.70(348)+ 49 moderate
25 1.65(66)+ 0.48(19)+ 0.07(3)+ 2.20(88)+ 86 strong
Yam Tua Pu 50 3.85(154)+ 0.85(34)+ 0.15(6)+ 4.85(194)+ 7" strong
33 3.70(148)+ 0.70(28)+ 0.40(16)+ 4.80(192)+ Al strong
25 4.40(176)+ 1.52(61)+ 0.40(16)+ 6.32(253)+ 62 Strong
Second trial
Water - 0.18(7) 0.00(0) 0.00(0) 0.18(7) - -
36 mM Urethane - 12.77(511)+ 4.00(160)+ 0.28(11)+ 17.05(682)+ 0 -
Tom Yam Kung 50 1.88(75)+ 0.32(13)+ 0.15(6)+ 2.35(94)+ 86 strong
33 3.78(151)+ 1.25(50)+ 0.25(10)+ 5.28(211)+ 69 strong
25 4.85(194)+ 1.35(54)+ 0.15(6)+ 6.35(254)+ 63 Strong
Kaeng Liang 50 1.33(53)+ 0.02(1)+ 0.00(0) 1.35(54)+ 91 strong
33 1.82(73)+ 0.43(17)+ 0.05(2)+ 2.30(92)+ 85 strong
25 3.00(120)+ 0.92(37)+ 0.08(3)+ 4.00(160)+ 73 Strong
Kaeng Som Pak Ruam 50 3.10(124)+ 0.90(36)+ 0.28(11)+ 4.28(171)+ 71 strong
33 3.83(153)+ 1.40(56)+ 0.32(13)+ 5.565(222)+ 63 strong
25 4.88(195)+ 2.52(101)+ 0.28(11)+ 7.68(307)+ 49 moderate
Nam Prik Kapi 50 3.48(139)+ 0.60(24)+ 0.10(4)+ 4.18(167)+ 76 strong
33 4.15(166)+ 0.95(38)+ 0.20(8)+ 5.30(212)+ 70 strong
25 6.52(261)+ 0.92(37)+ 0.28(11)+ 7.72(309)+ 56 moderate
Nam Prik Makam 50 4.15(83)+ 0.45(9)+ 0.30(6)+ 4.90(98)+ 71 strong
33 4.18(167)+ 1.60(64)+ 0.22(9)+ 6.00(240)+ 65 strong
25 4,92(197)+ 0.93(37)+ 0.35(14)+ 6.20(248)+ 63 strong
Yam Tua Pu 50 4.78(191)+ 0.90(36)+ 0.27(11)+ 5.95(238)+ 65 strong
33 4.12(165)+ 0.75(30)+ 0.48(19)+ 5.35(214)+ 69 strong
25 4.88(195)+ 1.90(76)+ 0.27(11)+ 7.05(282)+ 59 moderate

® Statistical diagnoses using estimation of spot frequencies and confidence limits according to Frei and Wurgler (1988) for comparison with
deionized water : + = positive, - = negative; m = multiplication factor. Probability levels: Ol = [3 = 0.05. Using one-sided statistical tests.

The modulation detoxifying system could be a mechanism to inhibit the mutagenicity of URE. Citrus
plants used in Thai dishes, namely, lemon grass, kaffir lime leaves and lime juice contain some bitter
compounds e.g., limonene, naringenin, naringin, diosmin, tangeretin and rutin. Many citrus flavonoids
(phenolic compounds) have been reported for their antimutagenicity against many mutagens by modulating

16,17

the detoxifying enzymes of the host. In this study, garlic and shallot, the most common herbal
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Table 3. Effect of each Thai one-dish meal on URE-treated Drosophila melanogaster

Percent of Spots per wing® (Number of spots from 40 wings) Antimutas
Sample samplein  Small single  Large single Twin Total Percent o
the fly m=2.0 — m=5.0 m=2.0 inhibiton 95"V
: classification
medium
First trial
Water - 0.13(5) 0.02(1) 0.00(0) 0.15(6) - -
Urethane - 10.92(437)+ 2.88(115)+ 0.27(11)+ 14.07(563)+ 0 -
Khaow Yam Pak Tai 50 0.90(36)+ 0.08(3)+ 0.00(0) 0.98(39)+ 93 strong
33 1.68(67)+ 0.18(7)+ 0.02(1)+ 1.88(75)+ 87 strong
25 2.40(96)+ 0.35(14)+ 0.10(4)+ 2.85(114)+ 80 strong
Kanomjeen Nam- 50 3.02(121)+ 1.08(43)+ 0.25(10)+ 4.35(174)+ 74 strong
ngiew
33 5.72(229)+ 1.70(68)+ 0.33(13)+ 7.75(310)+ 54 moderate
25 4.20(168)+ 1.9(76)+ 0.15(6)+ 6.25(250)+ 63 strong
Khaow Man Som 50 1.65(66)+ 0.40(16)+ 0.12(5)+ 2.17(87)+ 87 strong
Tam
33 3.80(152)+ 1.48(59)+ 0.20(8)+ 5.48(219)+ 66 strong
25 3.75(150)+ 1.85(74)+ 0.15(6)+ 5.75(230)+ 65 strong
Second trial
Water - 0.18(7) 0.00(0) 0.00(0) 0.18(7) - -
Urethane - 11.72(469)+ 4.78(191)+ 0.28(11)+ 16.78(671)+ 0 -
Khaow Yam Pak 50 0.95(38)+ 0.05(2)+ 0.00(0) 1.00(40)+ 94 strong
Tai
33 1.78(71)+ 0.02(1)+ 0.05(2)+ 1.85(74)+ 89 strong
25 2.55(102)+ 0.35(14)+ 0.00(0)+ 2.90(116)+ 83 strong
Kanomjeen Nam- 50 2.52(101)+ 0.68(27)+ 0.12(5)+ 3.32(133)+ 81 strong
ngiew
33 4.00(160)+ 1.75(70)+ 0.20(8)+ 5.95(238)+ 65 strong
25 7.03(281)+ 3.40(136)+ 0.25(10)+ 10.68(427)+ 38 weak
Khaow Man Som 50 3.37(135)+ 1.00(40)+ 0.25(10)+ 4.62(185)+ 70 strong
Tam
33 4.30(172)+ 1.48(59)+ 0.20(8)+ 5.98(239)+ 61 strong
25 4.07(163)+ 1.30(52)+ 0.28(11)+ 5.65(226)+ 63 strong

® Statistical diagnoses using estimation of spot frequencies and confidence limits according to Frei and Wurgler (1988) for

comparison with deionized water : + = positive, - = negative; m = multiplication factor. Probability levels: o = 3 = 0.05. Using

one-sided statistical tests.

ingredients in Thai dishes were used. Many organosulfur compounds such as diallyl sulfide (DAS) and diallyl
disulfides (DADS) could increase the expression of glutathione-S-transferase (GST) in red blood cells of rats.'®
These compounds modulated levels of cytochrome P450 isozymes and increased activity of epoxide
hydrolase and gIutathione—S—transferasew9’20 and reduced the genotoxicity of aflatoxin B, and N-
nitrosodimethylamine (NDMA) in rat.”’ Curry pastes commonly consumed in Thailand contain garlic and

shallot as major ingredients, showed antimutagenicity against URE in Drosophila me/anogaster.6

Many carotenoids found in ivy gourd, pumpkin, pepper and hairy basil showed their antimutagenic
activities in many studies.”* Carotenoids are known antioxidants both in vitro’* and in vivo'®, therefore, they
can counteract some mutagens that require metabolic activation through cytochrome P-450 :3ystem25’26 to
oxidise them to ultimate mutagens. Further studies to explain the antimutagenic mechanism of carotenoids are
still necessary. Moreover, some components that may be present in Thai dishes such as organosulfur

compounds and flavonoids inhibited DNA-adduct by scavenging the reactive species of the mutagen.”‘28

Since the study was conducted as the co-administration of URE with each dish, desmutagenic
activity of some components may interfere with the availability of URE in young larvae. Many vegetables,
herbs and spices contain dietary fiber and chlorophyll. Antimutagenicity was observed when some dietary
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fiber such as lignin and suberin adsorb the mutagenszw and chlorophyll formed complex with mutagens.32 In
vitro or in vivo studies on free radical scavenging activities of dietary fiber such as pectin on colon mucosa of
rats were reported. Alkali-lignin inhibited both enzymatic and non-enzymatic lipid peroxidation on cell culture.
Lignin and ferulic acid in wheat bran acted as a nitrite scavenger on cell culture. However, there has been
no information on the scavenging activity of these compounds on URE; thus, further investigations would be
relevant.

It seems to justify the claim that Thai dishes are good for health, aside from its superb sensory
attributes as produced by mixtures of different ingredients. The protective effects of each dish may be due to
the presence of antimutagenic ingredients. However, this study investigated only the result of co-
administration of various Thai dishes with URE. The level of protection may be clearer when the experiments
are extended to be pre-feeding study.
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Mutagenicity of Four Salted Foods and
Their Modulating Effects on the Mutagenicity of Urethane

Keawngarm N and Kangsadalampai K*

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

ABSTRACT

We determined the mutagenicity of boiled salted duck egg, pickled green mussel, fried salted
Spanish mackerel and fried salted beef by transferring the three-day old trans-heterozygous (mwh
fir'/mwh TM3) larvae to an experimental medium (containing each sample 75% substituted for yeast).
We evaluated the antimutagenicity of each sample by transferring 3-day old larvae to an experimental
medium that had urethane (20 mM)) as the co-administration study while pre-feeding studies were also
performed by mating the parental flies on the experimental medium to obtain 3-day old larvae that were
subsequently raised on the regular medium containing urethane as the type 1 study or the
experimental medium containing urethane as the type 2 study. The round wings of the surviving flies
were analyzed for the occurrence of mutant spots. The results showed that none of the sample was
mutagenic. Interestingly, boiled salted duck egg revealed its antimutagenicity in all studies while
pickled green mussel exhibited its antimutagenicity only in the pre-feeding studies. Some digested
proteins of pickled green mussel and the digested egg yolk protein occurred in the digestive tract of
the larvae might eliminate the free radical generated via the activation of urethane. On the other hand,
fried salted Spanish mackerel enhanced the mutagenicity of urethane in all studies while salted beef
enhanced the mutagenicity of urethane only in the pre-feeding type 2. The enhancing effect was
supposed to be due to the amount of sodium chloride in the sample could impair the repairing system
during DNA damage.

Keywords: Mutagenicity, antimutagenicity, urethane, nitrite treated methylurea, salted foods,
Drosophila melanogaster
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Introduction

Salt has a crucial property that made it important for the development of human society. Salt was
used to preserve meat, fish and vegetables and to create delicacies which added variety to the diet. However,
scientist suggested that dietary consumption of salt is a risk factor in mortality from gastric ulcer."™ Higher risk
of gastric cancer is found in people who consume salty food. There is an association between increased risk
of gastric cancer and frequent intake of salted or meat.’ Reducing consumption of salt or salted food and
increasing intake of fruits and vegetables are thought to be beneficial for the prevention of gastric cancer.”’ In
addition, various food produced in Asia were reported on their direct-acting mutagenicity after nitrite
treatment. Kimchis, sun-dried fishes, sun-dried squid, soy sauces, fish sauces, bean pastes and shrimp past
produced in Korea, Philippines and Thailand showed direct acting mutagenicity after nitrite treatment.”
Dmitrieva et al.” concluded that high concentrations of sodium chloride disrupted DNA damage signaling that
associated with failure of DNA damage-repair network and led to DNA damage accumulation. A case-control
study in Thailand indicated that relatively high levels of N-nitrosodimethylamine (NDMA), N-nitrosopiperidine
(NPIP) and N-nitrosopyrrolidine (NPYR) detected in fermented fish and NDMA detected at levels ranging from
trace amounts to 66.5 mg/kg in several salted and dried fish was the etiology a high incidence of liver cancer
in Thailand rather than other common risk factors such as hepatitis B infection, afatoxin intake and alcohol
consumption.10 Therefore, it was of interest to elucidate the mutagenicity and their modulating effects on
mutagenicity of urethane of boiled salted duck egg, pickled green mussel, fried salted Spanish mackerel and
fried salted beef.

Materials and Methods

Chemicals and Samples: Urethane (URE) was purchased from Sigma Chemical (St. Louis, Mo, USA).
Five replicates of salted beef, boiled salted duck egg, pickled green mussel and salted Spanish mackerel
were collected from local markets. Salted beef (5.0 g) and salted Spanish mackerel (5.0 g) were separately
fried at 180° C for 5 min before study. Each sample was cut and chopped into small pieces and lyophilized.

All dehydrated samples were homogenized and kept in a desiccator before further study.

Experimental Design The mutagenicity of each sample of each sample was assayed as described by
Graf et al." Virgin females of Oregon wing flare strain (ORR/ORR; fIr’/TM3, Ser) and males of multiple wing
hair strain (mwh/mwh) were mated on regular medium which had propionic acid (0.01 ml) as a preservative to
produce trans-heterozygous larvae of improved high bioactivation cross (IHB). Both strains were obtained
from the Institute of Toxicology (Swiss Federal Institute of Technology, and the University of Zurich). Each
salted food was substituted for yeast to the final 25%, 50% or 75% of the protein source of the regular medium
and was named experimental medium. It was used for mutagenicity evaluation of each sample. URE (20 mM)
was substituted for deionized water in the regular medium and was used as a positive control medium.
Adding the highest concentration of each sample that provided more than 50% surviving adult flies of each
salted food into the positive control medium, the experimental medium containing URE was prepared. This
medium was used for both co-administration and pre-feeding studies for the investigation on the modulating
effect of each food on urethane induced mutagenicity. Induction frequencies of wing spots of each salted food
were compared with that of the deionized water negative control group. The estimation of spot frequencies
and confidence limits of the estimated mutation frequency were performed with significant level of oL = B =
0.05. A multiple-decision procedure was used to decide whether a sample was positive, weak positive,

inconclusive or negative mutagen as described by Frei and Wurgler.w2

The modulation activity of each sample on the mutagenicity of urethane was calculated as follows:
percentage of modulation = (a-b)/a x 100. Where “a” is the number of total spots per wing induced by URE,
“b” is the number of total spots per wing induced with URE administered with each salted food. It is proposed
that percents of modulation between 0-20%, 20-40%, 40-60% and higher than 60% indicate negligible, weak,
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moderate and strong modulation, respectively. When “b” is higher than “a” the result is classified as
enhancement; on the other hand, when “b” is lower than “a” the result is classified as inhibition.

Results

A substitution 75 percentage of each sample for yeast was the highest concentration that provided
more than 50% of surviving adult flies. This percentage of sample was also used for co-administration and
pre-feeding study. The results showed that none of the sample was mutagenic (Table 1). However, feeding of
salted foods to newborn larvae affected size and number of newborn larvae as well as of the surviving flies.
The size of adult fly derived from the larva fed on salted foods was smaller than that fed on regular medium.
The co-administration and pre-feeding study were showed in Table 2 and Table 3, respectively. Two samples
namely, boiled salted duck egg and pickled green mussel decreased the mutagenicity of urethane. Pickled
green mussel revealed its antimutagenicity only in the pre-feeding studies. Contrastingly, fried salted Spanish
mackerel enhanced the mutagenicity of urethane in all studies. Fried salted beef also enhanced the
mutagenicity of urethane but only in the co-administration study.

Discussion

The effect of salted foods on size and number of newborn larvae as well as of surviving flies was not
surprised since Kangsadalampai and Somany.13 previously reported this effect too. The mutagenicity
evaluation demonstrated that none of the sample was mutagenic in both trials. Mereto and Ghia" indicated
that pretreatment of rat with NaCl, which by itself did not produce any genotoxic response, markedly
increased the frequency of nuclear anomalies (micronuclei, pyknosis, and karyorrhexis) in the forestomach
mucosa in Sprague-Dawley male rats induced by N-methyl-N'-nitro-N-nitrosoguanidine (MNNG).

The discovery that boiled salted duck egg and pickle green mussel decreased the frequency of
induced wing spots in adult flies in the co-administration and pre-feeding studies suggested that some
components of such salty foods performed such activity. It was proposed that N-hydroxyurethane, a urethane
metabolite’™"® was hydrolyzed by esterase to generate hydroxylamine and exerted its mutagenic effect in
multiple organs via generating OZ.' and NO' to cause oxidation and depurination of DNA." It was possible
that antioxidant activity of the proteinase-hydrolyzed egg yolk protein in the digestive tract might reduce 02.'
and/or NO in urethane metabolism. Since there was not any change in protein pattern during the fermentation
of salted egg18 and Sakanaka and Tachibana' demonstrated that hydrolysates of egg yolk proteins by
proteinase were a good source of natural antioxidants. Carotenoids are notable as the pigments responsible
for the typical yellow-orange colors of the egg yolks of birds.” Karadas et al.” preformed carotenoids content
in the yolk egg of hatched chicks were between 11.2-79.2 pg/g. Surai and S|oeake22 showed that the
carotenoids content of the yolk of the newly laid fertile eggs was 13.3 pg/g. It was suggested that carotenoids
in the egg yolk might take a role as important factor of antimutagenicity of boiled salted duck egg. Polyakov et
al.”’ showed the scavenging ability of the carotenoids towards peroxyl free radical («OOH) correlates with their
redox properties. It was documented that N-hydroxyurethane, a urethane metabolite'™"® was hydrolyzed by
esterase to generate hydroxylamine and exerted its mutagenic effect in multiple organs via generating 02.'
and NO' to cause oxidation and depurination of DNA."” Therefore, it was possible that carotenoids remained
in the boiled salted duck egg might reduced free radical of activation of urethane.

The antimutagenicity of pickled green mussel against urethane might be due to the same
phenomenon as of boiled salted duck egg. During fermentation, microbial proteases digests food proteins to
produce some bioactive peptides24 that may be antimutagenic against urethane since Rajapakse et al”
demonstrated that fermented marine blue mussel (Mytilus edulis) derived peptide was highly effective for
radical scavenging.  Pickled green mussel might produce some peptides that reduce the radicals were
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generated by the activation of urethane. It is suspected that pickled green mussel of this study contaminated
with some heavy metals since the Gulf of Thailand are now being polluted with many toxic substances
including heavy metals from untreated municipal and industrial waste water.”® Itis known that most heavy
metal stimulate the in vivo synthesis of metallothionein. Studying a defense system of bivalve mollusk
Mercenaria mercenaria showed that it produced metallothionein and GSH for against cadmium toxicity that
GSH was provided the initial defense against cadmium toxicity prior to MT induction.”’ It might be possible
that such contaminated heavy metal in the shellfish stimulate the production of metallothionein (MT) in the
Drophilla melanogaster and reduce the radical provided from the activation of urethane. Min et al® revealed
that metallothionein reduced the formation of DNA adduct namely, 8-hydroxyl-2'-deoxyguanosine by hydroxy!
radical generated from the Fe-NAT/H,O, system. De Luca-Abbott et al® discovered that the antioxidant
enzymatic systems namely, glutathione-S-transferase, catalase and glutathione peroxidase of mussel
harvested from polluted area contained higher activity than that from the nonpolluted area. Such phase 2
detoxification system would be of benefit to the testing Drophilla melanogaster in terms of conjugation the
reactive intermediate produced from phase 1 activation of urethane.

Hosono et al” demonstrated that cultured milk with Lactobacillus bulgaricus showed its
antimutagenicity on mutagenicity of 2-(2-furyl)-3-(5-nitro-2-furyl) acrylamide and 4-nitroquinoline-N-oxide using
streptomycin-dependent strains of Salmonella in an in vitro assay system. Since vinegar is always added in
the fermentation of green mussel in order to let lactic acid bacteria to be the dominant organism. Lactic acid
bacterium is a probiotic and its fermentation products are claimed to provide antimutagenicity and
anticarcinogenic properties. Lankaputhra and Shah®' showed that Lactobaciluus acidophilus showed its
antimutagenicity on mutagenicity of eight mutagen namely, MNNG, 2-nitroflourene, 4-nitro-O-phenylene-
diamine, 4-nitroquinoline-N-oxide, Aflatoxin-B, 2-amino-3-methyl-3H-imidazo- quinoline, 2-amino-1-methyl-6-
phenyl-imidazo(4,5-b) pyridine and 2-amino-3-methyl-9H-pyrido (3,3-6) indole using Ames salmonella test.
Zhang et al” showed that lyophilized lactic bacteria cell can inhibit the mutagenic effect of heterocyclic
amines.

The enhancing effect of fried salted Spanish mackerel and fried salted beef showed on the
mutagenicity of urethane was supposed to be due to the amount of sodium chloride in the sample that could
impair the repairing system during DNA damage.9 Vences-Mejia et al’ investigated the effect of high salt on
male Wistar rat. They reported that feeding diets containing different NaCl concentrations (0.6% control group,
6%, 12%, 18% and 24%) on rat for 12 weeks caused histological changes as well as modulation the activity of
cytochrome P-450 in gastric mucosa. Chronic gastritis, regenerative hyperplasia and focal metaplasia were
noted in animals receiving the 12%, 18% and 24% NaCl diets. In the same groups, induction of CYP1A1 and
CYP3A2 was produced, mainly in areas of metaplasia. The expression of xenobiotic metabolizing enzymes in
the gastric mucosa might contribute to chemical activation in the stomach, metabolizing both exogenous and
endogenous compounds implicated in the development of gastric cancer. In addition, Yu et al’ suggested
that consumption of Cantonese-style salted fish during all time periods was significantly associated with
nasopharyngeal carcinoma in Hong Kong Chinese population.
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Antimutagenicity against Urethane and
In vivo Nitrosated Methylurea of Three Bakeries
Fortified with Fruit and Herbal Wines

Pratoomwun J and Kangsadalampai K*

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

ABSTRACT

Butter cake, pancake and doughnut fortified with each wine, namely, grape wine, Krachaidum
wine, Mamao wine and mangosteen wine were determined for their antimutagenicity against urethane
and the in vivo nitrosated methylurea. The three-day old trans-heterozygous (mwh fir'/mwh TM3)
larvae were transferred from regular medium to an experimental medium (substituted each wine
fortified bakery for carbohydrate) for mutagenicity test. The antimutagenicity of each bakery was
revealed by transferring three-day old trans-heterozygous larvae to an experimental medium
containing urethane (20 mM) or the combination of sodium nitrite (36 mM) and methylurea (10 mM).
The round wings from the surviving adult flies were analyzed for the occurrence of mutant spots. The
results showed that neither wines nor bakeries fortified with wines were mutagenic. Interestingly,
fortification of butter cake, pancake and doughnut with most wines improved the antimutagenicity
against urethane of bakeries. The antimutagenicity against in vivo nitrosated methylurea of some
fortified butter cakes, pancakes and doughnuts was also observed. We proposed that these fruit and
herbal wines fortified bakeries might either inhibit activating enzymes (phase I), induce detoxifying
enzymes (phase Il) or trap urethane. Surprisingly, the ordinary pancake strongly enhanced the
mutagenicity of in vivo nitrosated methylurea, but pancake fortified with grape, mamao and
mangosteen wines decreased the enhancing activity of the ordinary bakery. Interestingly, pancake
fortified with krachaidum expressed significant antimutagenicity against this mutagen. Thus, some
components of pancake could increase the formation of mutagen in the in vivo nitrosation of
methylurea and those in fortified pancake might inhibit the formation of mutagen. The result in the
present study revealed that doughnut fortified with wine possessed strong antimutagenicity and
therefore might be the most suitable bakery for wine fortification in order to obtain a functional food that
could counteract the action of mutagens.

Keywords: Antimutagenicity, urethane, in vivo nitrosation, SMART, fruit, herbal wines, bakeries
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Introduction

Evidence suggests that just one meal high in saturated fat can affect the body's ability to protect itself
against some of the underlying causes of heart disease and stroke. For instance, one piece of carrot cake
modified to be high in saturated fat can reduce the body's ability to protect itself against heart disease." In
addition, diet high in fat has been shown to increase the risk of cancers. The evidence appeared strongest for
an association of dietary fat with breast, large bowel, and prostate cancers, and was suggestive for other
cancers.’ Therefore, the development of functional foods that can counteract such disease is of great interest

worldwide.

Wine is one of the worldwide popular beverages. Some evidences suggest that it contains high
phenolic Compounds.3 Among these phenolics, the major difference is in the flavonoids. It has been
suggested that the French benefit from the consumption of wine which has high flavonoid content leading to
the postulation that the high consumption of red wine is responsible for “French paradox”.5 Flavonoids in fruits,
vegetables and juices appear to play a significant role in cancer and heart disease health benefits.’
Therefore, the present investigation was proposed to determine the effect of fruit and herbal wine fortified
bakeries, namely, buttercake, pancake and doughnut on urethane and on in vivo nitrosated methylurea

induced somatic mutation and recombination in Drosophila melanogaster (SMART).

Materials and Methods

Chemicals and Samples preparation: Urethane (URE) was purchased from Sigma Chemical (St.
Louis, Mo, USA). We obtained grape wine and Krachaidum wine from B.J Garden Winery Co., Ltd (Rayong,
Thailand). Highland Agricultural Sanghlaburi (Kanchanaburi, Thailand) supplied Mangosteen and Mamao
wines. We used commercially available premixes (Table 1) to prepare butter cake, pancake and doughnut as
suggested on the labels. Each wine fortified bakery was prepared by substitution the wine for water. Each
finished product was homogenized in an electrical blender and stored frozen. Other chemicals were of

laboratory grade.

Experimental Design Each wine was diluted with deionized water (1:1 v/v) and tested for its
mutagenicity. The diluted wine or urethane solution (20 mM) was substituted for water (2 ml) of the regular
medium and was named wine medium or positive control medium, respectively. Each ordinary bakery or wine
fortified bakery was substituted for the carbohydrate source (corn flour and sugar) of the fly medium and
named bakery control medium or experimental medium, respectively. In addition, the incorporation of final 18
mM sodium nitrite as suggested by Rincon et al. " to the experimental medium was conducted to prove
weather there was an in vivo nitrosation of wine fortified bakery to produce mutagenic species in the larvae.
The mutagenicity and/or antimutagenicity of each sample in this experiment were evaluated as suggested by
Graf et al.® Virgin females of Oregon wing flare strain (ORR/ORR,; fIr'/TM3, Ser) were mated with males of
multiple wing hair strain (mwh/mwh) to produce frans-heterozygous larvae of improved high bioactivation
cross (IHB). Both strains were obtained from the Institute of Toxicology (Swiss Federal Institute of Technology,
and the University of Zurich). They were maintained on the regular medium’ that had propionic acid as a

preservative.

Two models of antimutagenicity studies were used to evaluate all samples. In the first model,
urethane solution (20 mM) was substituted for deionized water in the experimental medium and the regular
medium which was the positive control medium of the urethane model. In the second model, the mixture of
sodium nitrite (final 18 mM) and methylurea (final 5 mM) was substituted for deionized water in the
experimental medium. The regular medium that had the mixture of sodium nitrite and methylurea substituted

for deionized water was used as the positive control medium of the latter model.
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Table 1 Ingredients of each bakery

Bakery Ingredients

Butter cake two and half cups of UFM butter cake mix (wheat flour, sugar, non fat dry milk,
baking powder, salt, emulsifier, artificial color and artificial flavor), five tablespoons
and one teaspoon of butter, one and half eggs, one tablespoon and two teaspoons
of dry milk and seven tablespoons of drinking water (or wine)

Pancake one cup of IMPERIAL buttermilk pancake mix (wheat flour, starch, shortening, baking
powder, sugar), one and quarter cups of dry milk, one egg and one and half cups of
drinking water (or wine).

Doughnut one gram of UNCLE BARNS' doughnut cake mix (wheat flour, sugar, palm oil, baking
powder, salt and vanilla powder), one and quarter eggs, one tablespoon of dry milk,
one tablespoon of butter, four tablespoons and two teaspoons of drinking water (or

wine).

Induction frequency of wing spots of each sample was compared with that of the negative control
group. The estimation of spot frequencies and confidence limits of the estimated mutation frequency were
performed with significant level of ol = [3 = 0.05. A multiple-decision procedure was used to decide whether a
sample was positive, weakly positive, inconclusive or negative mutagenicity as described by Frei and
Wurgler.w0 Antimutagenicity was estimated using percent inhibition of total spots per wing calculated as
follows: percentage of inhibition = 100(a - b)/a, where a is the frequency of spots induced by urethane or
nitrosated methylurea alone and b the frequency of spots induced by urethane or nitrosated methylurea in the
presence of test sample. It was proposed that percentage of inhibition between 0-20 represents negligible
effect while expression of percent inhibition between 20-40, 40-60 and more than 60 are the evidences of
weak, moderate and strong antimutagenicity, respectively

Results

The mutagenicity of each fruit and herbal wine was firstly determined. The results showed that neither
the wines nor wine fortified bakeries (with and without sodium nitrite) was mutagenic since they did not
significantly induce the frequencies of mutant spots at any testing concentrations to be higher than that of the
negative control medium (data not shown).

Table 2 shows that most wine fortified bakeries (butter cake and doughnut) presented their
antimutagenicity against 20 mM urethane in both ftrials. Surprisingly, the ordinary pancake had no
antimutagenic activity but slightly enhanced the mutagenic effect of urethane. However, the fortification of
each wine to pancake could abolish such bad effect and rendered pancake to counteract the mutagenicity of
urethane.

Investigation of the effect of wine fortified bakeries on the mutagenicity of in vivo formed
nitrosomethylurea revealed that the ordinary butter cake had no antimutagenicity while all wines except
mamao wine fortified ones expressed their antimutagenicity in both trials. On the other hand, ordinary
doughnut surprisingly expressed its antimutagenicity and the fortification with each wine improved its
antimutagenicity. Contradictory, most wine fortified pancake and the ordinary one enhanced the mutagenicity
of the in vivo formed nitrosomethylurea. Interestingly, Krachaidum wine fortified pancake was the only one that
could counteract the mutagenicity of this mutagen in both trials.
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Discussion

The survivals of adult flies fed on both ordinary and all wine fortified bakeries were more than fifty
percents and the flies had big size. It indicated that none of the samples was toxic, and they were then
suitable for further studies on their antimutagenicity. These bakeries are also good sources of nutrients for
adult flies. Results of this study have revealed that both ordinary and wine fortified bakeries are safe to the
consumers.

The significant antimutagenicity of all except mamao wine fortified butter cake against urethane was
observed. Their antimutagenicity might be due to some phytochemicals. Xanthone is an example of
chemically active compound found in the rind and pulp of mangosteen. Its molecule possesses a six carbon
conjugated ring structure with multiple double carbon bonds which makes the molecule very stable. This
structure keeps the xanthone's properties from being destroyed when heated."’ a-Mangostin, a xanthone
derivative increased the expression of glutathione S-transferase (GST) at 0.5-5.0 uM for 12 h treatment in
human hepatocellular carcinoma HuH-7 cells."" The flavonoids of krachaidum are heat stable and the
degradation due to cooking and frying are relatively low."”  Further study on identification and the health
benefit of such flavonoids of krachaidum should be of interest. Resveratrol (in grape wine) has been shown to
participate in the prevention of carcinogenesis by the inhibition of some forms of cytochrome P450, an enzyme
of phase "™ and also through the induction of phase Il xenobiotic metabolising enzymes.%‘16 It is sensitive to
light and oxygen e><posure17 but it is heat stable. Therefore the preparation of bakery could not change the
resveratrol content of red wine. The reason that mamao wine fortified butter cake exhibited least
antimutagenicity may be due to the fact that anthocyanin in mamao is highly sensitive to oxygen, heat and
Iight.18 Hagiwara et al.” reported that some anthocyanins inhibited chemical-induced carcinogensis in a rat
model. It was proposed that anthocyanins contributed to mark antioxidant activities in preventing DNA
damage in vitro.

The result that ordinary pancake enhanced the mutagenicity of urethane but the enhancement was
abolished with the fortification of each wine to pancake might be explained by the finding of Jagerstad and
Skog.20 They showed that cooking and processing at high temperature generated various kinds of genotoxic
substances. Mutagens generated in hamburger during pan-frying are dependent upon both temperature and
time.”! Therefore, it is a need to verify whether there are any mutagens occurring during pan-frying of
pancake.

It was found that ordinary doughnut was antimutagenic against urethane in both trials. All wine
fortified doughnut presented greater antimutagenicity than the ordinary one. In fact this bakery is the one
which is fried in palm oil. Among vegetable oils, palm oil is the richest natural source of tocotrienols.”
Tocotrienols might act as free radical scavengers.23 It was documented that N-hydroxyurethane, a urethane
metabolite,24’25 was hydrolyzed by esterase to generate hydroxylamine and exerted its mutagenic effect in
multiple organs via generating 02.' and NO' to cause oxidation and depurination of DNA? Thus, it was
possible that antioxidant activity from palm oil used in preparation of doughnut might reduce Oz" and/or NO
in urethane metabolism. Antioxidants have been suggested to scavenge free radicals, and prevent their
interactions with cellular DNA.?" Overall results suggest that fortification of doughnut with each wine that
contains phenolic compounds is a good choice for consumers who want to have a functional food that
contains a potent antioxidant.

Evaluation of the antimutagenicity against in vivo formed nitrosomethylurea demonstrated that
fortifying butter cake with each wine could abolish the mutagenicity enhanced by the ordinary one as well as
expressed the antimutagenic activity. The fortification of doughnut with each wine slightly increased its
antimutagenicity. The beneficial effect of each wine might be possibly due to its components that could
reduce the formation of nitrosomethylurea or enhanced the detoxification of this direct acting mutagen. The
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result that fortification of wines especially krachaidum wine to pancake could abolish the phenomenon that
ordinary pancake enhanced the mutagenicity of in vivo formed nitrosomethylurea was quite similar to that of
butter cake presented above. Rujjanawate et al.”® revealed that the ethanol extract of krachaidum possessed
gastro-protective potential which was related partly to preservation of gastric mucus secretion. Therefore, this
wine might be of interest to be analyzed for the compounds that could counteract the notorious effect of

pancake on both mutagens.
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Distribution of Cadmium in Soil around Zinc Mining Area

Unhalekhaka U* and Kositanont C

Inter-Department of Environmental Science, Chulalongkorn University, Bangkok, Thailand

ABSTRACT

Cadmium distribution was studied in four creeks of Mae Sot district, Tak province. Huai Mae
Tao, a reputed creek, was shown to have low cadmium level at the upstream (8.45 mg/kg soil) and
increased to 22.5 mg/kg soil at Ban Mae Tao Mai. Huai Mae Ku, the creek on the other side of the
mountain with zinc mining, also showed high cadmium levels (7.55-34.95 mg/kg soil). Huai Mae Tao
Ngae Sai, a creek in the north-eastern highland of the zinc mining, which was supposed to have no
relation to zinc mining area showed cadmium level of 3.05 mg/kg soil. Huai Nong Khiao, a creek of the
south-western highland showed cadmium level of only 1.1 mg/kg soil. From the data, it is suggested
that cadmium source is at the upstream of Huai Mae Tao then causing the cadmium accumulation
downstream. The cadmium source is unclear. Cadmium levels in the creek of two highlands were

similar to the EU Maximum Permissible (MP) level of 3.0 mg/kg sail.

Keywords: Distribution, cadmium, soil, zinc mining area, Mae Tao, Mae Sot
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Introduction

Soil is one of the most important natural resources for lives. It provides the four requisites in both
direct and indirect ways. Moreover, it also absorbs wastes and pollutants from many sources. In Thailand, the
soil contamination problems with chemical substances are still unsolved especially the risk zones such as the
industrial and mining area.

Cadmium is a heavy toxic metal that causes an environmental concern. It usually occurs in
association with zinc ore and recovered as by-product of zinc mining. Cadmium can be absorbed into human
body through respiration and eating then aggregates into liver and kidney causes both acute and chronic
symptoms, for example, nausea, abdominal pain, diarrhea, kidney dysfunction and osteomalacia (soft
bones).’

There are many sources of cadmium pollution in environment, mainly found in fuel combustion,
industrial sludge, phosphate fertilizer and mine tailings. The first and important case study occurred at Jinzu
river basin, Toyama prefecture, Japan in 1950. Due to Kamioka mine, operated by Mitsui Mining and Smelting
Co., Ltd, released contaminated wastewater into the river that generally used within the community and paddy
field irrigation causing ltai-itai disease, renal destruction and more than hundred lives were lost. Since then,
they have found that the cadmium concentration around the river bank is 4.85 mg/kg soil or around 14 times of
unaffected soil (0.34 mg/kg soil).?

In Thailand, the biggest reported zinc deposit is situated in Mae Sot district, Tak province which has a
mine production capacity up to 214,023 metric tons or costs around 5,550 million baht.” There are many
mining activities that may influence the cadmium contamination throughout the environment, for instance,
drilling, material transfer and removal of mine tailings and drainage as reported in the research of Soil Analysis
Division, Department of Land Development, found that the average of cadmium amounts in the sediment
which came from the collapsed stacking of cinders around the zinc mining area at Mae Sot was 228.5 mg/kg
soil. *

In year 2000, Dr. Simmons and team' from the International Water Management Institute (IWMI)
studied the cadmium concentration in rice field soils at Ban Pha Te, Mae Sot, Tak. The result ranges from 3.4-
284 mg/kg soil in 154 samples or 94 times of the European Economic Community Maximum Permissible (MP)
in soil (3 mg/kg soil). In the later year, they expanded the sampling sites to the fields along Huai Mae Tao and
found 0.5-218 mg/kg soil in 334 samples or 72 times when compare with the EU Maximum Permissible level.

Further, this pollution also affects on many villagers who live around that stream as evidenced by
Swaddiwudhipong et al’ They examined cadmium in urine samples of 15-year-old and older from 12 villages,
only 45.6% had cadmium levels less than 2 ug/g creatinine which detected in normal people, 4.9% were found
between 5-10 pg/g creatinine for occupational exposure and 2.3% pg/g creatinine had urinary cadmium
quantities higher than 10 ug/g creatinine which are renal damage range. Moreover, the people who consumed
rice harvested from the defiled place had cadmium within their urine higher than residents who obtained rice
from other local markets or other districts.’

This study was investigated the ranges of cadmium concentrations in the soil of Mae Sot district, Tak
province where zinc mine is located, by using Huai Mae Tao that runs through the mine as a marker,
compared with Huai Mae Ku and Huai Nong Khiao which both are parallel flow with that stream.

Materials and Methods
Sampling sites

Eight soil samples were collected from 4 different creeks which are Huai Mae Tao Ngae Sai, Huai Mae
Tao, Huai Mae Ku and Huai Nong Khiao. The UTM points of each sample are shown in Table 1 and Figure 1.
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Table 1 GPS coordinates of sampling points at Huai Mae Tao Ngae Sai, Huai Mae Tao, Huai Mae Ku and

Huai Nong Khiao.

Creek Samples UTM
position
Huai Mae Tao Ngae Sai MT1 x:465447.89
y:1843916.34
Huai Mae Tao MT2 x:464619.52
y:1842700.85
MT3 x:461926.60
y:1842438.15
MT4 x:460086.04
y:1843409.48
MT5 x:457339.66
y:1843061.42
Huai Nong Khiao R1 x:460993.37
y:1840712.88
Huai Mae Ku R2 x:460276.82
y:1840885.67
R3 x:457400.70
y:1841002.46
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Figure 1 Map of soil sampling plots investigated in this study.
O =villages within Mae Sot district % = sampling points
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Soil sampling

Eight collecting points were determined by topographical paper map, series L7018 sheet 4742 |lI
scale 1:50,000 from Royal Thai Survey Department and the coordinates were recorded by using the Garmin
Nuvi 310. In each soil sample, three 0-10 cm. depth cores were taken with 55 mm. diameter and tightly sealed
in zip lock plastic bags. The soils were stored at -20°C until the experiment began.

1. Sample preparation

Three soil cores from individual sampling site were combined to be a composite
sample and air dried in the clean room. After plant debris and gravel were removed then sieved through 2 mm
mesh.

2. Soil characteristics

Soil texture was determined on hydrometer method. pH was estimated on 1:1 soil:water solution.
Organic matter (OM) was investigated according to Walkley and Black method and measured the cation
exchange capacity (CEC) with ammonium saturation method.’

3. Total cadmium examination

Cadmium was extracted from soil samples with boiling aqua regia and detected by atomic absorption
spectrophotometer (AAS) at wavelength (A) 213.9 nm.’

Results and Discussions
Soil properties

According to the soil characteristic results (Table 2), pH of all 8 samples were almost neutral while
percentage of the organic matter were 4.03-7.98 in range which classified in high level.” Almost every sample
was coarse-textured soil except MT2 which was medium. In case of cation exchange capacity, there are 5 of

them (MT1, MT2, MT3, R1, and R3) that can be categorized into moderate rating and the rest (MT4, MT5 and
R2) were rather low.

Table 2 Characteristics of soil samples

Organic il
Creek Samples pH matter Texture exchan.ge
(%) capacity
(cmol/kg)
Huai Mae Tao Ngae Sai MT1 6.3 4.89 Sandy Loam 10.10
Huai Mae Tao MT2 6.5 7.98 Loam 13.41
Huai Mae Tao MT3 6.5 5.81 Sandy Loam 12.91
Huai Mae Tao MT4 6.8 5.97 Sandy Loam 8.6
Huai Mae Tao MT5 6.8 4.03 Sandy Loam 6.99
Huai Nong Khiao R1 6.7 6.32 Sandy Loam 14.71
Huai Mae Ku R2 6.7 4.31 Sandy Loam 7.39
Huai Mae Ku R3 6.8 5.39 Sandy Loam 14.57

Total cadmium amounts in samples

Focus on the cadmium amounts, the upriver of Huai Mae Tao (MT2), the creek that flows through the
zinc mine, had lower level and expanded into 22.50 mg/kg soil at the downstream (MT3-MT5). The results also
showed that the samples of Huai Mae Ku (R2 and R3) which situated on the other side of the mountain had
high cadmium concentrations. The R2 site had the highest concentration (34.95 mg/kg soil) perhaps because
it contained accumulated cadmium as a dike for the community irrigation. MT1, a sample that was collected

from Huai Mae Tao Ngae Sai, the north-eastern highland of zinc mining, was found cadmium at quantity of
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3.05 mg/kg soil. Huai Nong Khiao, a creek in the south-western highland had cadmium level only 1.1 mg/kg
soil. (Table 3)

Table 3 Total form of cadmium concentrations found in soils of 4 creeks.

Cadmium concentration

Creek Samples Gl sell)
Huai Mae Tao Ngae Sai MT1 3.05
Huai Mae Tao MT2 8.45
Huai Mae Tao MT3 16.85
Huai Mae Tao MT4 18.80
Huai Mae Tao MT5 22.50
Huai Nong Khiao R1 1.10
Huai Mae Ku R2 34.95
Huai Mae Ku R3 7.55

When compared the total cadmium values of soil samples with the EU Maximum Permissible level (3
mg/kg soil), there are the significant difference between the samples which obtained from the creek around
zinc mine (MT2-MT5) and the standard value, as the soil samples had much more total cadmium
concentrations (p <0.05, One-sample T test).

In conclusion, when compared to the Thai investigation level (0.15 mg/kg soil)g, all samples contained
higher cadmium level. This research suggested that this area is already contained high cadmium
concentration. Human activities might accelerate cadmium accumulation to hazardous level.
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Detection of DNA Damage by Comet Assay in A549 Human Lung
Epithelial Cells Exposed to Fine Particulate Matters Collected in
Saraphi District, Chiang Mai, Thailand

Khacha-Ananda S, Puaninta C?, Sopajaree K3, Ruangyuttikarn W*

1. Division of Toxicology, Department of Forensic Medicine, Faculty of Medicine
2. Department of Anatomy, Faculty of Medicine
3. Department of Environment Engineering, Faculty of Engineering
Chiang Mai University, Chiang Mai, Thailand

ABSTRACT

Chronic exposure to high concentration of particulate matters (PMs) in ambient air has been
reported of several health effects including lung cancer. However, the mechanism of PMs induced
carcinogenesis has not yet fully understood. The human lung epithelial cell, A549, was selected to
study the effects of the fine PMs — PM10, PM2.5, PM1.0 and PMO0.5 — collected from Saraphi District
where high incidence of lung cancer patients in Chiang Mai Province was reported. Comet assay or a
DNA strand break analysis was performed with the fine PMs, collected during the period of 3 months
(Aug-Oct, 2007) using a high-volume cascade impactor. The PMs were extracted with 5% methanol,
lyophilized and redissolved for the assay. The results showed that the extract of PM2.5, PM1.0 and
PMO0.5 at the concentrations of 150, 20 and 10 pg/ml , respectively, were able to induce DNA damage
distinctly as occurred with the PM10. Severity of the DNA damage depended on the PM size, in which
PMO0.5 was the most genotoxic PMs. The DNA damage was also potentiated when the aphidicolin, a
DNA repair agent, was added into the experimental culture cells. Therefore, as proposed these fine
particles collected from Saraphi District may be associated with the progression of lung cancer among

Saraphi’s inhabitants . This is the first finding on the effect of fine PMs below 2.5 microns.

Keywords: Fine particulate matters, DNA damage, Comet assay, A549 human lung epithelial cell
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Acceleration of Bone Resorption Caused by Chronic Cadmium
Exposure and Cadmium Induced Renal Tubular Dysfunction
in Elderly Inhabitants in a Cadmium Polluted Area,

Mae Sot District, Tak Province

Nambunmee K*? Phan Thi Minh N%, Pham The T2, Honda R?, Nishijo M?,
Swaddiwudhipong W?*, Nakagawa H?, Ruangyuttikarn W**

1 Faculty of Associated Medical Sciences, Chiang Mai University, Thailand,
2 Department of Public Health, Kanazawa Medical University, Ishikawa, Japan,
3 Department of Community and Social Medicine, Mae Sot General Hospital, Tak Province, Thailand,
4 Department of Forensic Medicine, Faculty of Medicine, Chiang Mai University, Thailand,

ABSTRACT

Bone metabolic dysfunction caused by Cd exposure, such as osteopenia or osteoporosis, is
an important environmental problem for the elderly chronically exposing to Cd via their daily rice
consumption. The bone damage may be enhanced directly by Cd or indirectly via Cd induced renal
tubular dysfunction. The acceleration of bone resorption was proposed as the main cause of bone
metabolism disturbance. Recently, Mae Sot District in Tak Province has been found as Cd polluted
area. The inhabitants are at high risk of developing Cd related illnesses. Therefore, the acceleration of
bone resorption caused by long term exposure to Cd was studied in 158 men and 258 women aged 50
years old or more and living in Mae Sot District. Urinary cadmium (U-Cd) was quantitated and used as
a Cd exposure index, whereas urinary N-acetyl-pB-D-glucosaminidase was analyzed and used to
indicate renal tubular dysfunction. The urinary N-terminal-crosslink of type | collagen and
Deoxypyridinoline was also measured and used to demonstrate bone resorption status. The U-Cd
excretion levels among the subjects were higher than the recommended level at 2 yg/g Cr (mean =
6.71 and 7.34 ug/gCr for men and women, respectively). Dose-effect relationships between U-Cd and
bone resorption markers were found in both men and women. Furthermore, positive relationships
between renal tubular dysfunction and bone resorption markers were found in the subjects, resulting in

accelerating bone resorption caused by chronic Cd exposure, enhanced via renal tubular dysfunction.

Keywords: Cadmium exposure, renal tubular dysfunction, bone metabolic dysfunction,
bone resorption, Mae Sot
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Deployment of the Macrobrachium rosenbergii Bioassay in Microcosm

Kriengkrai Satapornvanit®, Michiel Van Daam?, Donald Baird?, David C Little*

1Department of Fishery Biology, Faculty of Fisheries, Kasetsart University, Thailand
Z|nstituto Superior de Agronomia/ Technical University of Lisbon, Lisbon, Portugal
3National Water Research Institute (Environment Canada), Canadian Rivers Institute, Department of Biology,
University of New Brunswick, Fredericton, New Brunswick, Canada
4Institute of Aquaculture, University of Stirling, Stirling, Scotland, U.K.

ABSTRACT

This research aimed to test the capacity of the post-exposure feeding rate bioassay of
Macrobrachium rosenbergii in a microcosm study. Twelve concrete tanks (1 x 1 m with 1.15 m height,
capacity 1000 L) coated with epoxy paint were filled with a 10 cm layer of sediment and 1 m water to
create a microcosm. The hypothesis was that post-exposure feeding rate would decrease after
exposure to different levels of carbendazim, a fungicide (3.3, 33, 100, 1000 ug/L) when compared to
the control treatment. The experiments resulted in a mean mortality of 44% in the control and < 25% in
treatments 3.3 and 33 pg/L. Mortalities in treatments 100 and 1000 pg/L were 52.5 and 45.0%,
respectively, which were significantly different from the control (F,,, = 5.95; p = 0.008). Bonferroni
multiple comparisons test revealed that there was a significant difference between treatments 100 and
1000 pg/L (p <0.05). Likewise, ANOVA test (F,,, = 4.62; p = 0.009) showed a significant difference
between the post-exposure feeding rates in treatments 33, 100 and 1000 pg/L and that of the control.
In this research, carbendazim affected feeding and survival rates in the microcosm set-up while in the
laboratory only mortality showed a significant difference (p<0.05). The microcosm experiments were
able to fill the gap between laboratory toxicity tests and the real effects in the field. Microcosm studies
can therefore provide another dimension to studies looking at pesticide effects on aquatic systems

which laboratory experiments are limited to do.

Keywords: Microcosm, carbendazim, prawn, feeding inhibition, Macrobrachium rosenbergii
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Reduction of Microcystin-Lr in Contaminated Water
by Bio-Reactor and Morning Glory

Pengwongwan P'* Itayama T?, Iwami N3, Pekkoh J*,
Whangchai N° and Ruangyuttikarn W’

1 Division of Toxicology, Department of Forensic Medicine, Faculty of Medicine, Chiang Mai University, Thailand
2 National Institute for Environmental Studies, Tsukuba, Japan
3 Meisei University, Tokyo, Japan
4 Department of Biology, Faculty of Science, Chiang Mai University, Chiang Mai, Thailand
5 Faculty of Fisheries Technology and Aquatic Resources, Maejo University, Thailand

ABSTRACT

Microcystin-LR is a potent hepatotoxin produced by Microcystis aeruginosa Kutz., during the
cyanobacterial bloom in fresh water. Water samples were weekly collected from a contaminated pond
overgrown with M. aeruginosa in order to study whether a bio-reactor and a common aquatic plant,
morning glory (l[pomoea aquatica Forssk) could reduce the toxin. Polymerase chain reaction (PCR)
was also used to detect the cyanobacterial specific gene and microcystin synthetase gene (mcyE) in
the pond. The microcystin-LR in the water was quantitated by high performance liquid chromatography
(HPLC) with UV and diode array detectors. The results showed that presence of mcyE gene related to
high concentrations of microcystin-LR (60.0 to 464.0 pg/L) in the contaminated water. The levels of
microcystin-LR in the water passing through the bio-reactor and morning glory were below the
minimum detection level of HPLC (2 ng/L on column). Hence, a two-compartment pond was set up to
test whether only the morning glory could effectively reduce the microcystin-LR. The concentration of
microcystin-LR in the contaminated-experimental water samples without morning glory ranged from
27.41 to 224.0 ng/L, whereas that in the water samples passing through morning glory compartment
was undetectable. Therefore, both the bio-reactor and morning glory effectively reduced microcystin-

LR concentration in the contaminated water.

Keywords: Microcystin-LR, Morning glory, Bio-reactor.
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Evaluation on Toxicity of Curcuma latifolia Rosc.

Pimkaew P!, Chuncharunee A%, Suksamsarn A3, Piyachaturawat P**

1 Toxicology Graduate Program, Faculty of Science, Mahidol University, Bangkok 10400.
2 Department of Anatomy, Faculty of Medicine, Siriraj Hospital, Mahidol University, Bangkok 10700.
3 Department of Chemistry, Faculty of Science, Ramkhamhaeng University, Bangkok 10240.
4 Department of Physiology, Faculty of Science, Mahidol University, Bangkok 10400.

ABSTRACT

Curcuma latifolia Rosc., family Zingiberaceae is widely cultivated in Thailand. Its rhizome
morphology is similar to that of Curcuma comosa Roxb. or Wan chak motluk which has extensively
been used in menopausal women for management of the unpleasant symptoms. However, C. latifolia
has less estrogenic activity and is very toxic. The present study aims to evaluate toxicities of C.
latifolia. Acute oral toxicity of crude hexane extract of C. latifolia was investigated in adult male ICR
mice and its LD, value was found to be approximately 1,000 mg/kg BW. Two to five days after
receiving the extract, animals showed less locomotor activity, ataxia and muscle weakness. The
severity of weakness was gradually increased with time after treatment with high dose and eventually
the animal died. At autopsy, the hexane extract caused enlargement of liver, kidney and spleen, their
weights were markedly increased. Histopathology of liver section showed severe inflammation at
centrilobular area which indicated that it was caused by the reactive metabolite in the liver. Subacute
toxicity of the hexane extract for 30 days confirmed those findings in the acute toxicity study in which
the centrilobular inflammation was apparent. The toxicological study of C. /afifolia Rosc. provides the

scientific data for selection of plant material for the safe use of indigenous medicine.
Keywords: Curcuma latifolia, LD,
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Toxicity Study (LDsp) of the Ethanolic Extract
of Croton thorelii Gagnep.

Sematong T, Phatvej W*, Phoonsiri C, Khayungarnnawee A,
Siriarchavatana P and Suntorntanasat T

Pharmaceutical and Natural Products Department, Thailand Institute of Scientific and Technological Research,
Technopolis, Klong 5, Klong Luang, Pathumthani 12120, Thailand

ABSTRACT

There is no toxicity assessment of Croton thorelii Gagnep. (In Thai, Plao tawan). So LD, value
of this plant is required for classifying the toxicity level for its utilization and handing. To meet the
requirement of 3 R principles, the acute oral toxicity (LD,,) of the ethanolic extract of Croton thorelii
Gagnep was performed with fixed number of animals. Thirty Sprague Dawley rats were divided into two
treatment groups and one control group. Each group consisted of five rats of each sex. The extract
was then orally dosed to the rats in treated groups at the dose of 2,000 and 15,000 mg/kg body weight.
It showed that acute oral LD, of ethanolic extract of Croton thorelii Gagnep. was more than 15,000

mg/kg, body weight.

Keywords: Toxicity, LD,, Croton thorelii Gagnep.

*Corresponding author: Wipaporn Phatvej
Pharmaceutical and Natural Products Department,
Thailand Institute of Scientific and Technological Research,
Technopolis, Klong 5, Klong Luang,
Pathum Thani 12120, Thailand
E-mail: wipaporn@tistr.or.th

1°* National Conference in Toxicology 17-18 November 2008



Thai J Toxicology 2008; 23(2):195 195

Poster 03

Effects of Curcumin on Cadmium-Induced Hepatotoxicity in Rats
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ABSTRACT

Cadmium (Cd), an environmental contaminant, undergoes redox cycling with generation of
free radicals inside the biological system. Curcumin, the yellow bioactive component of turmeric has
established its antioxidant activities. The present study evaluates possible ameliorating effects of
curcumin on Cd acetate induced hepatotoxicity in adult male Wistar rats. The animals were treated
once daily by oral gavage for five days and divided into four groups: control, Cd acetate 200 mg/kg
BW, curcumin 250 mg/kg BW and pretreatment with curcumin 250 mg/kg BW for one hour before
administration with Cd acetate 200 mg/kg BW. After 24 h of the last treatment, the animals were killed
to determine the activities of hepatic marker enzymes alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) in serum, the level of malondialdehyde (MDA), reduced glutathione (GSH) in
liver homogenate and histological changes of liver tissues by light microscope. The results showed that
Cd treatment caused a significant increase of serum AST (p <0.001) and ALT (p <0.05), the increased
hepatic level of MDA (p <0.01), the decreased hepatic level of reduced GSH (p <0.05) when
compared to the control group. In addition, histological examination revealed that Cd treatment also
caused hydropic swelling of hepatocyte with vacuolated cytoplasm. This study could provide a
possible explanation to hepatotoxicity resulting from exposure to Cd in the environment. In addition, the
pretreatment with curcumin before Cd administration could not inhibit the changes against Cd toxicity.
Therefore, it was concluded that curcumin at dose of 250 mg/kg BW could not prevent the toxic effects
of Cd against oxidative damages in rat liver since no improvement of all parameters by curcumin

treatment.

Keywords: Curcumin, cadmium, hepatotoxicity, lipid peroxidation malondialdehyde (MDA), glutathione
(GSH), ALT, AST
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Effects of Curcumin on Histological Changes of Spleen, Stomach
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ABSTRACT

Cadmium (Cd) is a carcinogenic metal and serious environmental pollutant which toxic effects
are associated with oxidative stress. Curcumin, a biologically active compound from turmeric, acts as a
natural antioxidant and is considered to be a potent chemo-preventive agent. In the present study, we
designed to investigate the effects of pre-treatment with curcumin against Cd toxicity on histological
changes of spleen, stomach and small intestine in adult male Wistar rats. The animals were maintained
as national guidelines and protocols, approved by the Institutional Animal Ethics Committee. The rats
were treated once daily by oral gavage for five days and divided into four groups of 8 rats each:
control, Cd acetate 200 mg/kg BW, curcumin 250 mg/kg BW and pre-treatment with curcumin 250
mg/kg BW for one hour before administration with Cd acetate 200 mg/kg BW. After 24 h of the last
treatment, we examine the histological changes of hematoxylin and eosin-stained spleen, stomach and
intestinal sections. The results showed that Cd treatment could induce the mucosal damage of
stomach, villus damage of small intestine and infiltration of inflammatory cells into the lamina propria.
Furthermore, the area of splenic white pulp was decreased significantly (o < 0.001) in Cd treated
group as compared to the control group. These results demonstrate that the gastrointestinal tract was
involved in the toxic effects of oral exposure to Cd. However, the pretreatment with curcumin 250
mg/kg BW did not recover the alterations induced by Cd at a significant statistically level. This study
suggests that the natural antioxidants curcumin did not offer protection against Cd-induced toxicity of

stomach, small intestine and spleen in rats.
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Effect of Preparation and Temperature Treatments on
Antimutagenicity against Urethane in Drosophila Melanogaster and
Antioxidant Activity of Three Allium Members

Aunanan A and Kangsadalampai K*
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ABSTRACT

We investigated whether the effects of preparations (pounding or chopping) and heat
treatments (100°C or 200°C) modified the antimutagenicity of garlic, shallot and onion against urethane
induced somatic mutation and recombination in Drosophila melanogaster. Three-day old trans-
heterozygous larvae (mwh fir'/mwh TM3) were transferred to an experimental medium (containing a
treated sample) that had 20 mM urethane. The wings of surviving flies were analyzed for occurrence of
mutant spots. The results showed that all treated samples still had both antimutagenicity and
antioxidant activity (determined using DPPH scavenging capacity and ferric reducing antioxidant
power) and phenolic compounds (determined using Folin-Ciocalteu reagent). Treating garlic with
100°C and 200°C before preparations slightly reduced its antimutagenicity. It was proposed that heat
treatment slightly destroyed alliinase; thus, the formation of allicins and other organosulfur compounds
(commonly turn to be alkylsulfides or allicin derivatives which are the inducers of phase 2 detoxification
system) from alliin was reduced. On the other hand, pounding and chopping before applying heat
treatments reduced the antimutagenicity of shallot and onion while heat treatment had lower effect if
the samples still be a bulb or cut into large piece. It was proposed that the formation of sulfur
containing compounds derived from isoalliin by allinase during pounding and chopping were very
labile to atmosphere during the 10 min standing at room temperature. Thus the effect of preparation
and heat treatment unequally influenced on the antimutagenicity and the antioxidant activity including

total phenolic compounds of three Allium members.
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Antimutagenicity against Urethane of Mangosteen,
Durian Products and Their Combinations
in Somatic Mutation and Recombination Test

Jitwiriyatham P and Kangsadalampai K*
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ABSTRACT

Lyophilized durian meat, lyophilized mangosteen meat, durian chip, durian paste and the
combinations (1:1, 1:2 and 2:1) of each durian product and mangosteen were determined for their
effect on urethane induced somatic mutation and recombination in Drosophila melanogaster. The
three-day old trans-heterozygous (mwh fir /mwh TM3) larvae were transferred to an experimental
medium (substituted each sample for 25, 50, 75 or 100 % of corn flour) that had urethane (20 mM). We
analyzed for the occurrence of mutant spots of the wings from the surviving flies and found that most
samples enhanced the mutagenicity of urethane with different degree. The enhancement of urethane
mutagenicity might involve in the phenomenon that the chemical compounds in the samples induced
the activity of mixed function oxidases and saturation of enzymatic systems involved in the DNA repair
pathways since the amount of each sample incorporated into the fly medium seemed to be very high.
The results as such indicated that high consumption of durian and mangosteen should be with caution
since it might enhance the mutagenicity of the compounds contaminated in our daily food. However,
we surprisingly found that the combination of durian paste and mangosteen (2:1) had the highest
antioxidant activity (determined with DPPH scavenging capacity and ferric reducing antioxidant power
assays) as well as the content of phenolic compounds (determined with Folin-Ciocalteu reagent) while

durian chip contained the least antioxidant and phenolic compounds.

Keywords: Durian, mangosteen, SMART, antimutagenicity, antioxidant activity
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Conventionally and Organically Grown Cruciferous Vegetables
(Brassica spp.)
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ABSTRACT

We lyophilized conventionally and organically grown Brassica vegetables (white cabbage, red
cabbage, Chinese kale, Chinese mustard and cauliflower) and determined for their antimutagenicity
against urethane in Drosophila melanogaster. We transferred three-day old trans-heterozygous (mwh
fir+/mwh TM3) larvae from regular medium to experimental medium that had 20 mM urethane as the
co-administration study. In the pre-feeding studies, we mated the parental flies on the experimental
medium to obtain three-day old larvae that were subsequently raised on the regular medium containing
urethane as the type 1 study or the experimental medium containing urethane as the type 2 study. The
mutant spots of the wings from the surviving flies were analyzed. In the co-administration study, the
antimutagenicity of conventional Chinese kale, Chinese mustard and cauliflower was higher than that
of the organic ones while organic white cabbage had higher antimutagenicity than that of conventional
one. In the pre-feeding studies, most samples (except organic cauliflower) exhibited their
antimutagenicity. The antimutagenicity of the samples might be due to induction the phase 2
detoxifying enzyme system of Drosophila by isothiocyanates commonly found in Brassica vegetables.
Since most organically grown vegetables are vulnerable to insect infestation that initialize the
hydrolysis of their glucosinolates to be unstable isothiocyanates; therefore, the antimutagenicity of
organic Chinese kale, Chinese mustard and cauliflower was lower than that of conventional ones. We
also found no difference among red cabbages. Surprisingly, the antioxidant activity (DPPH scavenging
capacity and ferric reducing antioxidant power) and amount of phenolic compounds (determined using

the Folin-Ciocalteu reagent) of all organic vegetables were higher than that of the conventional ones.
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Antimutagenicity of Different Thai Dishes
against Nitrite Treated 1-Aminopyrene
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ABSTRACT

Ethanol and hexane extracts of twenty-two Thai dishes that were not mutagenic in Ames assay
were evaluated on their antimutagenicity. Although high concentrations of hexane extracts from some
dishes that contained high amounts of edible oil showed a bactericidal effect on Salmonella
typhimurium strains TA98 and TA100, all extracts were able to express their antimutagenicity on nitrite-
treated 1-aminopyrene which was formed in stomach-liked pH solution. Thai dishes contain
vegetables, spices and herbs that are sources of phytochemicals such as chlorophyll, B-carotene and
some flavonoids. It was hypothesized that direct interaction in terms of scavenging could occur
between phytochemicals of the sample and nitrite-treated 1-aminopyrene. In addition, the contents of
flavonoids of Thai dishes might inhibit the activity of bacterial enzymes, namely nitroreductase and/or
O-acetyltransferase; thus, the mutagenicity of nitrite-treated 1-aminopyrene would be reduced.
Therefore, further studies on scavenging of nitrite-treated 1-aminopyrene by any compounds in Thai
dishes as well as inhibition on nitroreductase and O-acetyltransferase of Salmonella are needed to
confirm these hypotheses. The information obtained in this investigation suggests that Thai dishes can

protect consumers from some mutagens that may initiate mutation of stomach cells.

Keywords: Thai dishes, antimutagenicity, nitrite treatment, 1-aminopyrene

*Corresponding author: Dr. Kaew Kangsadalampai
Institute of Nutrition, Mahidol University, Salaya
Nakhon Pathom 73170, Thailand
E-mail: nukks@mahidol.ac.th

1°* National Conference in Toxicology 17-18 November 2008



Thai J Toxicology 2008; 23(2):201 201
Poster 09

Antimutagenicity of Some Thai Dishes on Urethane Induced
Somatic Mutation and Recombination in Drosophila melanogaster
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ABSTRACT

This study examined the mutagenicity of Thai dishes, namely Thai main dishes (Tom Yam
Kung, Kaeng Liang, Kaeng Som Pak Ruam, NamPrik Kapi, Nam Prik Makam, and Yam Tua Pu) and
Thai one dish meals (Khaow Yam Pak Tai, Khanomjeen Nam-ngiew and Khaow Man Som Tam). The
antimutagenicity of the samples on urethane (URE) induced somatic mutation and recombination in
Drosophila melanogaster was also determined. Eighty trans-heterozygous Drosophila melanogaster
larvae, aged three-days old, obtained from virgin ORR; fir’ virgin female and mwh male were
transferred to a test tube containing each Thai dish mix with regular medium (mutagenicity study) or
regular medium containing 36 mM URE (antimutagenicity study) until they became adult flies. The
ratios (w/w) of Thai dish and a mixture of regular medium or regular medium containing URE were 1:1,
1:2 and 1:4. The occurrences of mutant spots on the round wing of surviving flies were analyzed. It was
found that all Thai dishes were not mutagenic. The antimutagenicity of three kinds of Thai dishes at
ratios of 1:1 and 1:2 were 61-94 percent inhibition and at a ratio of 1:4 were about 45 — 83 percent
inhibition. The antimutagenic mechanisms were not clearly elucidated in this study but rather
suggested the effects of many antimutagens in the components of each dish. The findings from the
present experiment seems to justify the claim that Thai dished are good for health, aside from its

superb sensory attributes as produced by mixtures of different ingredients.
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Mutagenicity of Four Salted Foods and
Their Modulating Effects on the Mutagenicity of Urethane

Keawngarm N and Kangsadalampai K*
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ABSTRACT

We determined the mutagenicity of boiled salted duck egg, pickled green mussel, fried salted
Spanish mackerel and fried salted beef by transferring the three-day old trans-heterozygous (mwh
fir /mwh TM3) larvae to an experimental medium (containing each sample 75% substituted for yeast).
We evaluated the antimutagenicity of each sample by transferring 3-day old larvae to an experimental
medium that had urethane (20 mM)) as the co-administration study while pre-feeding studies were also
performed by mating the parental flies on the experimental medium to obtain 3-day old larvae that were
subsequently raised on the regular medium containing urethane as the type 1 study or the
experimental medium containing urethane as the type 2 study. The round wings of the surviving flies
were analyzed for the occurrence of mutant spots. The results showed that none of the sample was
mutagenic. Interestingly, boiled salted duck egg revealed its antimutagenicity in all studies while
pickled green mussel exhibited its antimutagenicity only in the pre-feeding studies. Some digested
proteins of pickled green mussel and the digested egg yolk protein occurred in the digestive tract of
the larvae might eliminate the free radical generated via the activation of urethane. On the other hand,
fried salted Spanish mackerel enhanced the mutagenicity of urethane in all studies while salted beef
enhanced the mutagenicity of urethane only in the pre-feeding type 2. The enhancing effect was
supposed to be due to the amount of sodium chloride in the sample could impair the repairing system

during DNA damage.

Keywords: Mutagenicity, antimutagenicity, urethane, nitrite treated methylurea, salted foods,
Drosophila melanogaster
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In vivo Nitrosated Methylurea of Three Bakeries
Fortified with Fruit and Herbal Wines
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ABSTRACT

Butter cake, pancake and doughnut fortified with each wine, namely, grape wine, Krachaidum
wine, Mamao wine and mangosteen wine were determined for their antimutagenicity against urethane
and the in vivo nitrosated methylurea. The three-day old trans-heterozygous (mwh fir' /mwh TM3)
larvae were transferred from regular medium to an experimental medium (substituted each wine
fortified bakery for carbohydrate) for mutagenicity test. The antimutagenicity of each bakery was
revealed by transferring three-day old trans-heterozygous larvae to an experimental medium
containing urethane (20 mM) or the combination of sodium nitrite (36 mM) and methylurea (10 mM).
The round wings from the surviving adult flies were analyzed for the occurrence of mutant spots. The
results showed that neither wine nor bakery fortified with wines was mutagenic. Interestingly,
fortification of butter cake, pancake and doughnut with most wines improved the antimutagenicity
against urethane of bakeries. The antimutagenicity against in vivo nitrosated methylurea of some
fortified butter cakes and doughnuts was also observed. We proposed that these fruit and herbal wines
fortified bakeries might either inhibit activating enzymes (phase |), induce detoxifying enzymes (phase
II) or trap urethane. Surprisingly, the ordinary pancake strongly enhanced the mutagenicity of in vivo
nitrosated methylurea, but pancake fortified with grape, mamao and mangosteen wines decreased the
enhancing activity of the ordinary bakery. Interestingly, pancake fortified with krachaidum expressed
significant antimutagenicity against this mutagen. Thus, some components of pancake could increase
the formation of mutagen in the in vivo nitrosation of methylurea and those in fortified pancake might
inhibit the formation of mutagen. The result in the present study revealed that doughnut fortified with
wine possessed strong antimutagenicity and therefore might be the most suitable bakery for wine

fortification in order to obtain a functional food that could counteract the action of mutagens.
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DMSO Extract from Thai Dishes Inhibited the Formation of Mutagens
in Gastric-Liked pH Solution of the Three Models

Sukprasansap M and Kangsadalampai K*

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

ABSTRACT

The attempt to investigate whether twenty-two DMSO extracts of Thai dishes could inhibit the
formation of mutagen in stomach-liked pH solution was performed. The extract was added to the
reaction models that produce positive direct mutagens toward Salmonella typhimurium strains TA98
and TA100 of the Ames test without metabolic activation. The models were 1-aminopyrene treated with
sodium nitrite (AP-nitrite), beef concentrate treated with sodium nitrite (BC-nitrite) and fish concentrate
treated with sodium nitrite (FC-nitrite). Each extract was added to the reaction at the beginning and the
final 4 h reaction mixture was determined for its mutagenicity. The results revealed that the extracts of
Thai dishes could reduce the direct-acting mutagenicity of compounds that occurred in the three
models on both tester strains. In order to prove that the extract might inhibit the formation of mutagenic
species, the mutagenicity reduction potential of each extract against the product of AP-nitrite model
was additionally studied using the conventional antimutagenicity of the Ames test. The percents of
inhibition of 16 out of 22 extracts in the experiment demonstrated that they really inhibited the formation
of both types of mutagen detected with TA98 and TA100. The complex mixtures namely vitamins C and
E, other antioxidants, phenolic compounds and other phytochemicals extracted from vegetables, herbs
and spices of these Thai dishes might play an important role as nitrite scavengers during the formation

of mutagen in each model.
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Role of Polymorphic Human Cytochrome P450 Enzyme in
Estrogen Metabolism and Breast Cancer Risk in Thai Women

Sangrajrang S !, Sato Y?, Sakamoto H?, Ohnami S?, Laird N M?,
Khuhaprema T, Brennan P*, aolo Boffetta P* and Yoshida T?

1 Research Division, National Cancer Institute, Rama VI road, Ratchathewi, Bangkok 10400, Thailand
2 Genetic Division, National Cancer Center Research Institute, Tokyo, Japan
3 Department of Biostatistics, Harvard School of Public Health, Boston, USA
4 International Agency for Research on Cancer (IARC), Lyon, France

ABSTRACT

Estrogen and its metabolites are believed to play important roles in breast cancer and its
determinant include both genetic and lifestyle factors. The objective of the study is to investigate
association of breast cancer risk in Thailand with genetic polymorphisms in several genes involved in
estrogen synthesis and metabolism. Five hundred and seventy patients with histopathologically
confirmed breast cancer and 497 controls were included in the present study. Forty single nucleotide
polymorphisms (SNPs) in the CYP1A1, CYP1A2, CYP1B1, CYP17, CYP19, CYP2C9, CYP2C19, AhR,
ESR1, PGR, ERRG, COMT, HSD17B1, HSD17B2, EPHX1, and NQOT genes were genotyped.
Association of genotypes with breast cancer risk were evaluated using multivariate logistic regression.
Heterozygote carriers of SNPs in CYP2C19 (rs4917623), AhR (rs2066853), ERRG (rs1857407) and
homozygote carriers of SNPs in CYP1A2 (rs762551), CYP2C19 (rs4917623), ERRG (rs945453) had
altered risk of developing breast cancer. In addition, a stratified analysis by menopausal status
indicated that the association of the CYP1A2 (rs762551) and CYP17 (rs743572) polymorphisms with
breast cancer risk were mainly evident in premenopausal, while those of CYP1B7 (rs162556) and
ERRG (rs1857407) were significant in postmenopausal women. These findings suggested that
CYP1A2, CYP2C19, AhR, ERRG, CYP17 and CYP1B1 polymorphisms might play an important role in

estrogen metabolism and modify individual susceptibility to breast cancer in Thai women.

Keywords: Breast cancer, estrogen metabolizing genes, polymorphisms
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Detection of Urinary Metallothionein, an Index of Renal
Dysfunction, in a Chronically Exposed Cadmium Population
Using Dot Blot Analysis: A Preliminary Study

Panyamoon A", Teranishi H?, Nishijo M3 Nakagawa H® and Ruangyuttikarn W*

1 Division of Toxicology, Department of Forensic Medicine, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand
2 Department of Public Health, Faculty of Medicine, University of Toyama, Toyama, Japan
3 Department of Epidemiology and Public Health, Kanazawa Medical University, Ishikawa, Japan

ABSTRACT

Metallothioneins are characterized as low molecular weight (6,000-7,000 Da) metal-binding
proteins in urine from chronic cadmium exposure. The protein is easily excreted in urine when renal
dysfunction progresses. Immunoblotting (dot blot analysis) was developed and validated for proteins
and isoform quantitation in urinary samples collected from a population exposed to chronic cadmium in
Mae Sot District, Tak Province, Thailand. This population had high body burden of cadmium from their
daily consumption of rice. A method was developed by using a monoclonal mouse antibody specific to
metallothionein, rabbit anti-mouse immunoglobulin and infrared conjugated antibody, which gave a
satisfactory result. This dot blot analysis will be used to quantitate metallothioneins concentrations in
the 715 urinary samples of Mae Sot inhabitants. The isoform of metallothioneins would also be

analysed.

Keywords: Metallothionein, dot blot analysis, infrared conjugated antibody, cadmium
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Determination of Nine Pyrethroid Insecticides in Human Gastric
Content Using Liquid Chromatography
with Electrospray Time- of-Flight Detection

Sinchai ThY", Plasen D?, Jainhuknan J°

1 Department of Toxicology, Institute of Forensic Medicine, The Royal Thai Police Head Quarter, Bangkok, Thailand;
2 Department of Pharmacology, Faculty of Medicine, Srinakharinwirot University, Bangkok 10110, Thailand
3 Bruker Daltonics Inc., 40 Manning Road, Manning Park, Billerica, MA 01821, USA

ABSTRACT

Pyrethroid insecticides are widely used in agriculture and households. Forensic cases involved
in pyrethroid insecticides such as suicide are rising. A qualitative method was developed for routine
determination of nine pyrethroid insecticides products in Thailand market. Baygon formulai4
(cypermethrin, prallethrin, imiprothrin), Baygon formula23 (imiprothrin, cyfluthrin, allethrin, permethrin),
Aswin mosquito insecticide (tetramethrin, permethrin), Ars chalk1 (deltamethrin) and Biflex (bifenthrin)
were spiked in human gastric content from autopsy case prior to analysis. Matrices effects were
cleaned up using QUEChERS method (QUEChERS : Quick, Easy, Cheap, Effective, Rugged and Safe).
The prepared sample was analyzed using liquid chromatography-time of flight mass spectrometry (LC-
TOFMS) with electrospray ionization (ESI) mode. The pesticides were identified with accurate mass
accuracy, retention time and isotropic pattern. All pyrethroid insecticides can be determined in one
injection. Recovery of nine compounds being studied found to be around 70% and limit of detection

(S8/N=3) was 0.2 mg/kg, which was well below lethal dose of this class of compound.

Keywords: Pyrethroid insecticide, QUEChERS, gastric content, LC- ESI-TOF-MS
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Risk Assessment of Exposure to Benzoic Acid and Sorbic Acid
from the Consumption of Sausage and Moo Yor in Thai People

Sripanaratanakul P, Benjapong W*, Visetchart P,
Phattanakulanan P and Karnpanit W

Institute of Nutrition, Mahidol University, Nakhon Pathom

ABSTRACT

This study aimed to evaluate the application of preservatives, namely benzoic acid and sorbic
acid in sausage and Moo yor from the markets and vendors of Thailand. Exposure assessment of
benzoic acid and sorbic acid in the Thai population was calculated by using probability data on
consumption of sausage and Moo yor and the quantity of the preservatives used in the food. The
consumption data on sausage and Moo yor were obtained from the food consumption data of Thailand
conducted in 2004. There are 150 samples of chicken sausage, 61 samples of pork sausage and 97
samples of Moo yor. The samples were collected from 18 provinces from all parts of Thailand and the
quantity of benzoic acid and sorbic acid was analyzed by High Performance Liquid Chromatography
(HPLC). This study found the misuse of preservatives including benzoic acid in chicken and pork
sausage at 78% and 69% of total samples, and sorbic acid in chicken and pork sausage at 56% and
34% of total samples, respectively. Whereas benzoic acid was found higher than standard level in 76%
of Moo yor samples. The calculation of the exposure level of benzoic acid and sorbic acid from
consumption of sausage and Moo yor compared to the safe value of acceptable daily intake (ADI)
indicated that the population aged 3-5.9 years had an average intake level of benzoic acid and sorbic
acid higher than the other age groups. Per capita average intakes of benzoic acid and sorbic acid
were 7.38 and 0.24 % of ADI, respectively in this age group. The high exposure of benzoic acid in the
3-5.9 years population indicated that per capita high intake at the 97.5 percentile was up to 88.04% of
ADI and eater only high intake of benzoic acid at 97.5 percentile from Moo yor consumption was up to
93.18% of ADI. Therefore, the consumption of Moo yor in children less than six years is a matter of

concern.

Keywords: Exposure, Benzoic acid, Sorbic acid, Sausage, Moo yor
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Distribution of Cadmium in Soil around Zinc Mining Area

Unhalekhaka U* and Kositanont C

Inter-Department of Environmental Science, Chulalongkorn University, Bangkok, Thailand

ABSTRACT

Cadmium distribution was studied in four creeks of Mae Sot district, Tak province. Huai Mae
Tao, a reputed creek, was shown to have low cadmium level at the upstream (8.45 mg/kg soil) and
increased to 22.5 mg/kg soil at Ban Mae Tao Mai. Huai Mae Ku, the creek on the other side of the
mountain with zinc mining, also showed high cadmium levels (7.55-34.95 mg/kg soil). Huai Mae Tao
Ngae Sai, a creek in the north-eastern highland of the zinc mining, which was supposed to have no
relation to zinc mining area showed cadmium level of 3.05 mg/kg soil. Huai Nong Khiao, a creek of the
south-western highland showed cadmium level of only 1.1 mg/kg soil. From the data, it is suggested
that cadmium source is at the upstream of Huai Mae Tao then causing the cadmium accumulation
downstream. The cadmium source is unclear. Cadmium levels in the creek of two highlands were

similar to the EU Maximum Permissible (MP) level of 3.0 mg/kg soil.

Keywords: Distribution, cadmium, soil, zinc mining area, Mae Tao, Mae Sot

Full paper on page 170
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Prohibited Foods and Thai Traditional Medicine

Somporn Putiyanan*

Department of Pharmaceutical Science, Faculty of Pharmacy, Chiang Mai University

ABSTRACT

Nowadays, people’s life styles have changed tremendously from the past, especially in food consumption.
People now tend to eat more carbohydrate such as starch, fats and desserts which often cause health problems.
Heart failure from high cholesterol, heart diseases, diabetes and other illnesses are increasing. Food processing
which often affects consumer’s health and illnesses are mostly caused by imbalances in human’s body. Human’s
body excretes surpluses by breathing, sweating, urinating and defecating. If waste accumulation is too high, the
substances can become toxic. Human metabolism will try to clean all toxins and balance the body back to health.
The study aimed to find out if foods had any effect on different groups of people, grouped by gender, based on Thai
traditional medicine. The quantitative and descriptive methodology was used for collecting and analyzing data from
257 pharmacy students of Chiang Mai University. The results of the study did not show significant relationship
between foods and individual elements. 37.80% of the students showed the relationship of intake food and illness.
25.29% of the students showed the relationship of intake food and illness when seasons were taken into
consideration and 3541% of the samples showed the relationship of intake food and illness when times of
occurrence were taken into consideration. An uncontrollable factor was that the samples did not give the correct
answers. It might be that the samples did not take notice of the health status of themselves nor did they remember
correctly what they had eaten which caused them illness. Moreover, the studied populations were only pharmacy

students, therefore a wider range of targeted populations should be further focused on.
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