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104 662 Food Toxicology

(Term 3/2545)
Tue 9.00-11:00, Th 8:00-10:00 Room B 1132
Date Topics Hrs. Instructors
14 Jan Introduction (Uniqueness & Scope of food toxiciology & 1 Benjamart

classification of food toxicants)

14, 16,21,23,28 | Toxicological principles applicable to foods & food Benjamart
Jan toxicants (9):

2.1 Dose response & Factors influencing toxicity 2

2.2 Importance of GI tract in Food Toxicology 1

2.3 Biotransformation 2

2.4 Toxicological & Pharmacological interactions as 2

influenced by diet and nutrition (Nutritional

modulation of cytochromes P450)

2.5 Toxicity testing (general toxicity, mutagenicity and 2
carcinogenicity tests)
30 jan 3. Determination of chemical foxicants &contaminants in 2 Benjamart
Foods
4, 6 Feb, 4. Toxic food contaminants from environment and food Griangsak
additives ( 4 hrs.):
4.1 Industrial wastes (chlorinated hydrocarbon, i
heavy metals)
4.2 Pesticide residues in foods 1
4.3 Food additives : Untintentional food additives 1
4.4 Food additives: Intentional food additives 1
11,13 Feb 5. Toxicants formed during food processing (4 hrs.): Griangsak
5.1 Heterocyclic amines in cooked food 0.5

1.2 Maillard reaction products & Amino acid

pyrolysates 0.5

5.3 N-nitrosamines 0.5




5.4 Irradiated foods 0.5 Griangsak
5.5 Food contact materials 2
18 Feb 6. GMO food 2 Griangsak
20 Feb 7. Toxicological interactions between drugs and diet 2 Griangsak
25,27 Feb 8. Naturally occuring food toxicants (4 hrs.): Benjamart
8.1 Natural toxins & chemoprevention in plants i
8.2 Natural toxins in animal foodstuffs (marine origin) 1
8.3 Fungal toxins occurring in foods 1
8.4 Bacterial toxins & Foodborne infections 1
4 Mar. 9. Antinutritives 2 Benjamart
6 Mar. 11. Food intolerance & food allergies 2 Benjamart
11 Mar. 12. Anticarcinogens, carcinogens, mutagens, and tumor 2 Benjamart
promoters in foods
13 Mar. 13 Government agencies & legistations related to food 2 Griangsak
toxicants:Regulatory distinctions between naturally
occurring and added substances in food
18, 20 Mar. 14. Assessment of hazards & limits of safety of food Benjamart
toxicants (4 hrs):
14.1 Introduction to risk assessment i
14.2 Biomarkers in food chemical risk assessment 1
14.3 Setting toxicological standards for food safety 1
14,4 Practice problems in risk assessment i
25,27,28 Mar. | 15. Selected interesting topics of research in food 6 Benjamart /
toxicology Griangsak

Lecturers : Dr. Griangsak Fumked Tel. ext. 3275 griang@ccs.sut.ac.th
Assist, Prof. Dr, Benjamart Chitsomboon (course coordinator) Tel. ext. 4251,

benja@ccs.sut.ac.th

** mid term examination 45% ,** final examination 45% **presentation 10%
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‘imﬁl Toxic Food Contaminant from envirenment.

1. msmiidszenanemehuuasfivdadisuluemns widldde g 3 win fle
1.1 Chlerinated hydrecarbon 50 Organo - chloride
1.2 Organo-phosphate

1.3 Carbamate

1.1 Chlorinated hydrocarbon 19Wsv1a 10110 ($1 DDT, PCB, Aldrin, Dieldrin and Endrin
f. DDT (P,P'-dichlorodiphenyl trichloreethane) J&ivoun fosnzasluaisazae ludu
L] : o o &t : or A & 1 3/ T ) n‘_“( Y wo 1
wu hifufanSetiiussmedu q dewuliludrezaunueduurafiy lduuuay Tilas
ﬂﬂ‘ 1 =y
aanedn moviu TduutmiSousredlde 18 @eu fignilumsshguazsuuadldd B
Houviuthueulumsdidags uazmsunsvosuiaie Taseaieuoe DDT asgdd 1.
H [ ——
a [ e
Ci

zﬂﬁ 1 Tnsserhswes 1,1'~(2,2,2-trichloroethyllidene)bis(4-chlorobenzene} ( DDT )

5 T
poT seniiezi luadlouluasssenns Wi dafuuuasiigniiudis DDT udanuf
futlan DDT azaulusumeau aigeauuin 91saRYADAY, ssuutlszam S unnuas

71l DDT Mlldon ldvesunulszuantouszfanan v liunnalssinnesggiuf 18

asld oot Srfaltldeweunasidivwmeiilsn Wy g wuadiu wiasaml ualy
. gt & o G - v A w M Y
oyt ddiunfiadagiy TnuawzedBaiuisiouazaaliinge DDT Amuww

fumomensaazean Aluleiu du wohewlungu 3 DDT anfugann

aaRaEHAY
Inainanudszum wu ausnilulssaunda DDT vSoausiviu DDT Taglila

givfuresumeidaga msdigseme Taema i, miols, meramis



g5 Afa ﬁmiﬂﬁzaﬂﬂumﬂﬁ"emi’?aﬁﬁﬁmazﬂa, Gourta, dhuay aau'ld, enfeu,
#n, Wluunde coma wazmeld mnl&ufastoseifudeslvhmesy wazszuy
dszam, Aadiulsarmil, soumde, Suun g ensdnuazanla

USinufiauudineis 500 meke 810U 10 mekg seliormsliame wiadu 16
mekg FAamsFaunzasidniely 24 brs. SeiudhliluglvesrmazmeBuilufiuEnhdu
s 9 nsruluemenuifing 1 mgm® vesmmailiinadiy1d s 1 affeu
{#ity LD,, of DDT to animal 41914 oral 4o dermal
m‘i”lﬂﬁh Acute Oral and Dermal LD,, of DDT to animal

(The formulation was water suspension or powder oil solution.)

Species Oral (mg/kg) Dermal (mg/kg)
Rat 500 - 2500 1000

Mouse 300 - 1600 375

Guinea pig 250 - 560 E000

Rabbit 300- 1770 300 - 2820

Dog > 300 -

Cat 100 - 410 -

s1emenl@en DDT 19§ DDA uaz DDE wy DDA tuilamay uaz DDE Tuiden uazly
smuazletu %1 DDA uag DDE uans Wiy tuassiinewsanden oot Hu
pDE 188 Tandw el Dehydrochlorinase Sevhliiiuandn DDT wagnufy DDT 144
sy DDT 1y DDE uae DDA fagildi 2

OO OO

CI/C\CI

cl

DDT \ DDE

DDA

gllj'ﬁ'_z Metabolic conversion pathways of DDT



o é o 1
ogiiuis114 Methoxychior (DDT Analogue) Uy DDT iisaningsodudsd
1] 1] y A 1) A W ;
$1e, Teganlwdode, Wamuluduiadon LD, Tudadfssgnadisuy tssuis 5,000 -

6,000 mg/kg. 40 - 60 411982 DDT Hiwrloond1 DDT Tnseer31eund Methoxychlor A9 3.

’Q‘{ \ J

T
C

3
P o
g‘ﬂﬂ 3 Taseadne Methoxychlor
9. Chlorinated Cyclodiene
¢ . v . a 1 ¥ 1 - P=)
iU Aldrin, Dieldrin, Chlordane, Heptaclor 9iluenshunasluthu Tuth, ndnssu gady
kil
Raneszuumaduennsuazmele 185unn g seilidnuazanld luvuathu
A ! o T o A
ARNBINARDINSIIBOIMIS, UL AR WAMIATEANUIY 9 D1ednuazas TRURY, WU

ifudoszutszan Tnsead1auss Cyclodiene insecticides Azl 4

o O a, 9
. ! o i
/ o P
cl o]} <t ct
Chlordane Fleptacklag
ci C
Ct “ { ¥
Fe .
3141 4 Tasears 19w Cyclodiene
ewr insectisides FUAAT
Dieldrin ¢

mafafnfouniumnldiunfium 44 mgkg wu. dhldliomsdanelu 20 wii,
25.6 mg/kg 3 MemRanIhouazdeld vnldfumefmis Tnedudadumisazaiw 0.5

- 2.5% wudufaRu i 24 brs - 1 week TusimisnunSuimananh 025 mgm’ MldiRany

4

emsAEIrAdIs DDT udjuisaand Aufiszuudssamamdies lsuniumseaiu
- i o o J A o &
qu Ca” uaz CI' wudwa 5 - 150 ppm M ldL Taun dnuaziioedunaenty axauly
o 4 4 ¥ ey = . .
Tuduunziiows natwlszmemtls 5903 chlordane Uag Dieldrin 71 LD;, (mg/Kg) in Rat

. . o ol
of Chlorinated Cyclodiene A iaA lURTS 14N 2



#1599 2 LD,, (mg/Kg) in Rat of Chlorinated Cyclodiene

Insecticide LD
Chilordane 150 - 170
Heptachlor 160 - 163
Aldrin 25-98
Dieldrin 24-98
Endrin 5-43

1.2 Organophosphate
18AN2n Parathion, Malathion, Diazinon, Durban { 1A53a3 1 5&1&]?‘15 ) flunaney
Fufussnsaearednfi 19fuunie Paramion; Malathion iuenddndagiaia 9 Tl wu
fin, wa'ldy, Tdnon Tfuguuss, shuadldsangs dufwes lififiunn Lw{zﬁﬂmi"itjé‘f'umm%
oxidize 11574 2 B2 TaeiAsn S — O Tab oxidative enzyme Tugauas Aldl&msfudigu
39N Ay Tngifia paracxon 1A malaokon REWINATUALDS 1,000 W1 msi’fﬂqﬂgemiﬁmu
4199 enz Acetyl. Choline esterase I HAMIAUBS Acetyl choline Alanwalszerm Fafums

@329RY019¥11 18 laen3 295281184 Choline esterase MIADA

Ach —2% 5 choline esterase

CaHsO, 5 \ /s
oHg \P / /P < H
7N Hco §——C——C00CHs
CaHs0 e, NO,
H,C——CCO0C,Hg
Pasathion Marathion
CH,
] Cl Ct
s Taseadnyes . ~
N ‘ <
Organophosphate insectisides )I\ )\ ﬁ P
¢l N Q=P ———0C;Hs
%ﬁﬁﬂ"]‘:q (CHS)ZCH N O—v——P....--..------—0(;2H5
OC, My
Diazinon OGoHg Dursban

msfhufy daulngl8sunneshunsTnemsmsladedhmiiomis oimsfida
fio thnsfiue afduld Bowh orfou axad Hoeiae wivmthon halransin vhaneliva
Wiousn A e ua::ﬂﬁmsﬁraﬂszan Wiuun 9 8990, Coma uazmeld

Winuiiiufy parathion ~120 mg Iuglngfemedmiudnunng 2 mg fmold u
2MeMIiiAdT 0.1 mg/m® oAty S WMTU malathion vun 4 - 5 g M lMiAaRuDAY
Wi luernia 15 mgm® dufiudenuunzdad ms19i3 uaaedn LD,, (mg/Kg) in mice of

Typical Organophosphate



#1519913 LD, (mg/Kg) inmice of Typical Organophosphate

Insecticide LD,,
Parathion 10-12
Methyl parathion 30
Methyl paraoxon 14
Paraoxon 06-08

1.3 Carbamate (%1
Carbaryl, Carbofuran, Aldicarb, Methomyl 3 Insea$1ansgili 6
Qensar Qe N} —rCH;

HiC—5 HsC, o
J =N e —— GO——NH——CH3
HC HiC

Methomy] Carbofusan 51l 6 Tassardraves

Q—rCO——NH~—CH, Carbamate ‘iiﬁﬂﬁ"lﬂ“’}

CHj
Hsc———%-——gmu——o—oo—rm———cm OO
ce Aldicarb Carbary]

asfiuRudouuaummznguIs honeybees iufindedniBogndanungs Mafty
Farnmsmuasuaziudioulueims Wy Aldicard ¥l I California 281 au The iloq
nAaALLae Ty, azaieinlaa Seazeuludisiininng i LD,, (mg/Kg) in Rats of Typical
Organophosphate Saeraslumsied 4
m‘ﬂ&?‘fim LD,, (mg/Kg)in Rats of Typical Organophosphate

Insecticide LD,
Carbaryl 850
Carbofuran 8-14
Aldicarb 0.93
Methomyl 17-24
Aldoxycarb 27

mssﬁﬂﬁymﬁaundu Organophosphates Aoy AChE inhibitors 1 mammals. (Carbamate

L4 ¥ [ ¥ L
izdUie AChE Tagasq) mstivh Indainn, thate, miosis (e ma); ¥0 Loz



mauAfiByesEaiNal
H -9 s/ kg :
1190 chlorinated hydrocarbon 1 DDT mnldsunithndesdrensuazaulnei
y ER y
inde Hulhihdulumssudoioansg i imgadudiiu desnmsiinemeldalu
:’ as ¥ as g 3 A ar 5 .&' | S /e W
Wuuagas s fudszaminios teassnmsdnnszqnuesndiuiie udemliamdy

18 m31¥ Calcium gluconate azaeTivednluinese udldwue ivasw

1 . A T o oo o
#70 Organophosphate (37U Parathion : iaTestremals SuSnuiduia ndwn
. ) ¥ b i
mielesulnaud i Atropine tasziumsnasvsaiys, hag, e
Antidote = 8ARY
@ . A o = o & g d a4 m
matlosfiuwan Parathion Wissmingaidade Warnuuzthldinuasasnudeivyg
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I #130gH Chlorinated Hydrocarbon laus
A. Polychlorinated Biphenyls (PCB)
B. Tetrachloredibenzo-p-diexin { TCDD ).

d

i b d
TufitisnzSouinenesnguaaas lail

A, Polychlorinated Biphenyls (PCB)
. =, A 9 T o

Lﬂu Chlorinated¢ Hydrocarbon TusmSmisemenizan Aroclor, TudSase =

Phenoclor, B33y Colphen Tudiilu = Kanaclor iuansildfumnlugamnnssy wiil
$ Y H =i QI 1 T t
gnidlunshunas udbildfonnid Tguauidnudennuiou nunsa nudu nudents
: Ty 1 o o/ J g, =]

gawlaoh Tifald yflongeszndng 278 - 700 °C §1MFY Arodlor Vufiuduau C1 Tas

a§19989 PCB Aauaastugili 7

% X X 3
4 3 X
518 7 Tasserirsueg
X YO, x

Polychlorinated biphenyls.
X=ClorH

¥lugeavassudn Transformer, Condenser, Wussndsznanludidn q 1dfiu
Dielectric fluid 11 Capacitor Tranformer 1%’&%141{161 hydrolic 14 gas turbine uaglu Vaccum
fluid WU heat transfer fluid uag Plasticizer 81919 lug1dunctuYD4 biphenyls Uag tiphenyls
el ldanududuiigoms
msfafiy Aaonnsudedenlugaamarsy @y mswnlnd dldnszewlu
DINA NTILMENINANTE plastic, wulurieszusveafuonnlssugaamnssy Feiiause
delimngaunendoveguufioniug plasic wssgews vienmsialvalulssnuga:
amnssuindadefeatuemns dudu
mafinfiy winldiufazdesiumeansoazan ¥ iduluin vuhiifuhldds
2318 w1850 usSnanten 4 dosiuag 00001 mgKg liawen, fnfaw dhavies,

v
yand, Y, 1oy, Hoasae, Thld



msnaasIfPany PCB fivhayla

)

M9INA Acute toxic 1UA9 thesus THUUIA 250 - 400 mg/Ke N1ldmisnszmne Ta, ausag,
:ly A
v, onsidluuu ~ 8 fou
- Tunszesld 25 mg/Ke x 21 Days wafie uta 1 11 4 89
[} ¥
- 1uB4 Rhesus mendie 411a 2.5 - 5 ppm i lARALAZ N mens 11ABU (cycle) MIReY
AssATlavn, aniinase uu. Yoo gndl PCB Tu Fatty ~ 25 ppm
=Y giar T =Y 9 ek 1 o
- B4 Rhesus meg31 5 ppm wuhiilufiudes, lifinadomsduiug
. Y [] ]
- dudluenziilde pcB wn dmlnduiiiy #uln activity 489 Cytochrom P, WY,
52AUUBY G-6-Phosphatase ag Vit A. luAvanas
- Tu Rat wud1 PCB Rendisefiunsifin Ca Tasi Cyt-P,,
- Tu Rat (Wef§] PCB 100 ppm x W14 9 WU AR Liver tumors 26/184 &7 MOUAL 1/73 2404

= A . P .é' { o
Control B 146/184 917 In® Preneoplastic lesion (mmmamﬂuﬁauimum) fdu

ATSUNTIZINA

lugjijuneifin Yusho iine1n PCB 2000 - 3000 ppm Judeulndnnnmsiaids
# pcp tuifounslyl made tszanngsn 1000 au To1msaaiia, duila, 'ﬂ?s’mmn%u, U3,
saumte, 910w, Moesay, vininae sarmas Ay Inluidnasasniesmonnems

1 .:?d &
tHaUnaEasu

15u1 PCB Atmua i luemnslu Usa Ae
UY 2.5 ppm 994 1wt Yarwaz 1n 5.0 ppm voeludy Tduazemsdad 0.5 ppm ¥4
»
Ty lumeusussgomnsi &by 5 ppm Tuilszmesin q Heythntuddasiilugamy

ATTUOMISIAAYA

B. Tetrachlorodibenze - p - dioxin {(Dioxins)

v doe o & o Y
#79619984 Dioxin N§¥nfunalilfio TepD Tnseadwes TCDD swraslugliis

Ct 53 ]

e

/ 21!‘7'13 Tasaerfreues
|

ci O C
Tetrachlorodibenzo - p - dioxin { TCDD )



. . ~ ar d{t S Qt S & o riy 3

Dioxins Hnmasdage Wekhgsenessmusoazmoiuluiulfa 1wsasedinegld

widszana 71 TusssuwiA Dioxins 93 lazaueg s lgueses

Dioxins Wiundanadnuiui ldnnlssugramnssunaesilauazifia  91A%LIUNTS

A1 9 awEssend i mesediaveagunly Iih, msenasBunidiil chiorine [
S t ) A ox g A

penseneuanIseungus Hendinszey oz lssnukdamsmishirhyuazuuas

Ed tg o o
msirnve dudu onenultemsnau, diedad, dawaznes
tepp Wurandaduuiuluasivisnfon dumdee il lumensufonuy

uazifams T vnvasasiadilu1s9auf Seveso, Italy

o
manaaeanvelaves TCDD

Rats 1% TCDD 100 ng/Kg WU Liver tumors 881910 fiun55a tumors ﬁﬂm,ngﬂ,
voaunzdy Tumy Ras  wudh TCDD dlumisneusdeitnmusaiiy 3 whwes
Alflatoxin B, (FouzEafid) 7 10 ng/Ke 11 Rats Twusmufialnd

Teratogen DY 11 mice AL Rabbits WT18115 TCDD < I mg/Ke W rabbits vazios
$uit 6 - 15 voeasss wuhmsthdvesfadeulid gniifianiinszqn eluznelufia
1lna

1u Rhesus monkeys nunl¥d TCDD 1.7 ng/Kg daily x 2 years i 4/7 Ltﬁdﬁﬂuﬁlﬁuﬂ,
5wmﬂ?':~iqaé'mmmtﬁ'mmsmwméaﬁéfqm'sﬁ?]eqe

vinmsiswnadiu High toxicity, Teratogenicity, Genotoxicity AodaTaM uA Tunyudez
ABLITUBIAE toxic MATTIYBLIN 11 wamsal IAMAYB1599M Trichlorophenol i
1189 Seveso, Italy (1976) B1ldausiuau 37,000 au 185y udliwumsmisen
TCDD 108 WHLWABINIS Chioracne uauld e1msdu q finudevildidesd, deh
aq, NuADAL, a’a’mzmmﬂimﬁu, YA enzyme 11/Rou

giAMAYDY TCDD + Oils Aitiieq Missouri, USA (1982) ¥i11# Rats, Mice, Cats, Dogs a16
uAlifiaumeny Sonunilfidufrauitnsandrtle udromensiaa
Teratogenic effect Tuandeluwy

Tununuifiveh TCDD MuSAs 3R Soft tissue Sarcoma (A B1UAAMBIOAT Musdle,
Nerve, Fat)

d = + {
nanlunsssd uazmsnusniiia 92 1adoas Dioxins 1nfiga



I mswanlavisyivin (Heavy metals) Hudlorlueims

A. Lead (Azf7)

a i o 4 % T & ar o A
srufannms andmess, madumdudeulasldnsesdundulonsFdasiauiuduion

Tssnnded, Tssouegus Tsseuhuumeed, lodososud Tulnonufiuaziunluau

. - 4
o lulssnupfauuames

COoy
NHy* Aminatevulinste
§ Lyt etase
Q= + CH, -
S . . Inhibited by Pb
U SeCea oo o
R Glycine
Saccinsd Cor
cOw

CoO’

AlA Dehydratase
Inbivied by T

i_; Parcoie
-

H

Nlig*
Porphobilinogea (PUG)
4 PRI’

Urapurhyrisgres aynibetase

-c
]
¢

Ferrochelataar

GOy

Oo-~C

_«J-'.u':'.hfuz :
d-Amiaeieyvaiinaie (ALA)
2 ALA'R

€Oy T

coy S
/’u\-—(:
¢ L
/ td

NH:

HyNHy

BN
1 \
N
f’::fl R
2 1

Uroperphyrinngen 111

E_ﬂi_& Mechanism of heme synthesis

Inhibited by o

AN

T ¥ vy
oy Tdualafians mazearfliugadimstaniues enz Aifadsatumsad

4 oo ° a o £ o
Heme duflussdilsznaudidigues Hb vinldiiamsdevesas porphyrin daiiudanana

b 4
Tumsade Heme uazozauegludy, 1o lunszqouazauss dlidadiufufedudn

T + Vv
wazae1d enz. e lfudealursesmsadte Heme 14U ALA dehydratase (enz T =

P o 1 -
#13) Ung Heme synthetase (enz tu = M1 4) 3108 uamsnsduns iz heme YSuinives

pb tudpafne Iifiaduassdss umosiuaasluais1ehis
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#137405 Symptoms of Lead in Blood

Level of Pb in blood (mg/100 ml) Symptoms

25-30 Protoporphyrin increase in blood,

ALA increase in urine

40 - 50 Hematocrit decrease, hemoglobin decrease,
ALA increase

50- 60 Anermia

> 60 Hyperkinesis, short attention span,

aggressive conduct (minimal brain dysfunction)
> 120 Mental retardation, blindness, death.

B, Mercury (Hg ~ ﬂ'i?m)

¥
] =

[ td
afiunnsAutamienesheglius nuieuhihmiilsendetiusdisenmariin

o o . o A g 1 !
9 lssrurinlent 1w, Tssanoh vinyl chloride, Issnmusiibenseany wiothdeennlsm

. 5 ]
Faldosihngestlsemiussdlsznou

dsenluglvesasaiiunid laun

n. Tavsilsen lideslitumwszswmogaduion i 1fine

%, Mercurous sulfide (Hg,S) H3050n Cinnabar woluis sssunatiauas MillusenTagueon
Winad

f. Calomel (mercurous chloride) 9iluenone

4. Corrosive sublimate (mercuric chioride) 1%'L§fluﬂ1qj1ammua$§es1 {Pesticide ua¥
Fungicide)

9. Mercuric oxide TiFuae ¥y Tang fuaty
UsenefiuvidlFfuuninaouas ilaitRudesumedlessmartignudoudulsen

= = =Y ar P :; T
Sunsdlaggadn wuihwnvesiuszmuiunauh
sensursdnwulusssunavselunans ldun

A, Methyl mercury wuluawmse lutlawazlusu lasmwizesstauSnusmiuning

Ay & o= -
Uszivadi]u Feliauaignniydsen
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e ¥ 1 [ A& o .:3' & g
%. Ethyl mercury-p-toluene sulfonanilide l¥wuadlusaahrietosfunisius tody
b 4
& oF L oo =3 T =2 é
aiady 1iimiug lulszmedanina 85a sazsthimow wuddiaumemszansiiiley
o o [] qy 3 ﬂ
nnwINdaRmni lUysdudiuems
fl. Ayl %30 Phenyl mercury Tnue lalnn
{ Phenyl ), Hg ( CH,),Hg ( volatile )

;

PhenyE-Hg+

;

Hgo —_——— I-Ig2+4

» CHHg
gﬂﬁ 1¢ Mercury conversion pathway

Win Alkyl mercury U%iwn msedhhiaanuindnfveslas Tulyy nunm aaw
on ulszmadil)u 18R lsaivumnnd fens 58&11?;8, a9, BUWIR, Coma HUAZAY UBA.
ninvzwy uauduwuluunmza, w wazdaiiaulmisueine 1t mﬂmﬁmﬂzﬁﬂm
wazveefigranuiisemnnde 50 ppm qendisl WHO dmualiiilulanfie 100 v/ (05
ppm) wozgend s ualdfiluemsialafs 1000 wh (0.05 ppm)

dszmaaiay (1967) uaensauiuauas i USA (1970) ﬁwn’ﬂtymﬂﬁwﬁ’uf:
- anfaiuvesialsenuazazialagliin = f enz, fifiniidanlenSa (HS-) ogf active
site I enz, Jaiviau
- arsudfiy 14 Chelating TRwetlangesninmin enz. MilH enz swsoviuld ang
#19uan 1dud
¢ FEthylene diamine tetracetic acid (EDTA)

@ Brithish Anti-Lewisite (BAL)

C. Cadmium (Cd)

avrenuluomsiildadoni e uns wasmusfinfornievindan cd Saganianseu
Fuomisfianmiiunsaazaicie cd sonumiudiowld, nszammidoRuring Pb uas
cd $mamnnfivnn cd. ilsmadipuialsn itai-itai byo vl lagniane nszqainund
thann snRverafestiuld erdou Heewae azadiivies Wallermsmolu 15-30 i

- o d
adsHiamsiiunzaiaivies
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UNH 3 Food Additives.

e ouye 1§

e msdoruluemisfisslaviewmnidluemis Taonss (intentional food additives)

e s@otuitltoslsldluems Tnsaseioasthuiion (Nonintentional food additive or
contaminants)

A L 1 W & s 1 o i
dotsuasamniin ldluewmsietanlsz asddqdsuanddumsehe

m‘i‘lﬂﬁﬁ The Most common chemicals developed as food additives

Purposes Chemicals

Preservatives Benzoic acid, Sorbic acid, P-oxybenzoic acid, Salicylic acid, hydrogen

peroxide, AF-2*

Antioxidants Ascorbic acid, DL- & -tocopherol, BHA Propyl gallate
Sweeteners Saccharine, dulcin®, sodium cyclamate*
Coloring agents Food Red No.2*, Food Yellow No.4

Scarlet Red, Indigo-canmine
Flavoring agent Safrole*, Methyl anthranilate, maltol, carvone
Bleaching agents CaOCl,, NaOCI, NaClO,, SO,

Nutrient supplements  Vitamins

* Banned for use in food.

1. Preservatives ( a1sfutie )
A. Benzoic acid

fluensfilifingu $rduems1dnnedia nduenshide Iedoieluflocfuns
fuesndion ldemdoududndld Tnuiles fldnaduly wifnssmudesde
nssnzosld Tasaadievns benzoic acid and sodium benzoate ieasdegUlfio daufiy

foundudedaieiind199vos sodium benzoate Aatras A1 9H7

COOH COONa
f o
gﬁ'ﬂﬁ Structure of benzoic acid and sodium benzoate
Benzoicacid  Sodium Benzoate é% fguﬂm%mfﬁ'mmzé&mw%ﬁ%@
& & "
2 wavinedama Ty Tntgaud g
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A5 1N Acute taxicity of Sodium Benzoate

Animal Method L.D,, (mg/Kg}
Rat Oral 2700

Rat Intravenous inj 1714 £ 124
Rabbit Oral 2000

Rabbit Subcutaneous inj 2000

Dog Oral 2000

B. Sorbic acid and Potassium Sorbate

odutosaduazs1dnod Tenadoraiunan bact duesfIg14a Und luiis
1IAMINATBIN dose ﬁqamn %) (¥4 sorbic acid 80 me/Ke/day inj x 3 months 144 mices WU
ﬁvé’amm?ﬁytﬁuiﬁﬁw Tnssard19u84 sorbic acid and potassium sorbate fauarastugiliii

A7UM519N8 UarAd Acute Toxicity of sorbic acid and Its Potassium salts Tudainaapawiia

HC H H3G H
e H = H
M — H
H COOH H

#1149)

COOK

Sorbic acid Potassinm sorbate

g‘ﬂ‘?i 12 Structure of sorbic acid and potassium sorbate.

A1514718 Acute Toxicity of sorbic acid and Its Potassium salts

Animal Cempound Method LD,, (g/Kg)
Rat Sorbic acid Oral 10.5

Rat Potassium Sorbate Oral 4.2

Mouse Sorbic acid Oral >8

Mouse Potossium sorbate Oral 42

Mouse Sorbic acid ip 2.8

Mouse Potassium sorbate ip 1.3

14



C. Nifrate and Nitrite

funldfuasfudeludedaithumanm 14lus Potassium nirate Euilsza),
Sod.nitrate, Pot Nitrite, Sod.Nitrite
wtlszasansly
1. flesdumsda Spore LY bohdinum toxin mm%a bact. Clostidium botulinum
2. dumisuded MiRvsuieda Tdun
Tasiia = NO; — NO;

NO; + Myoglobin — Nitrosomyoglobin

Tumsaunz lulasdwolusssund otowuludiefildio wu Fuason #afnne bact Tudn
wdsu NO; — NO; 14

a0 & '
mstnanyued uasauazlulnse

¥ 1
o =

Suveaunzuas mink gnihate dramiiTast > 1,200 - 1,300 men ilddondiae

#i Methemoglobin geun v Wdafismsdidienazifedin

- HARBITLUMIUAUDIMS 910U MouRu nzmizdnay gansedludeansoafuu
fluiden

- ravendufieuasuasaden ilinduiieBounmuds sauesndwidferimasniion
vasadeaunEIsda BP a1 fluay

- (i Methemoglobin Twifien dwumeldsy NO;  Iugduesemrs  Tuauilnd
NO; — NO; lueraw pH 12 uaaﬁ%daammszﬁuﬁmazmmxﬁqﬂ huRniEnnisdoy
o wnsde liiiualng s,fimmnmmé’aﬁﬁauﬁﬂﬁﬁnustﬁ NO; — NO; 1a8 enz nitrate
reductase Y04 bact IHUsEUHMBANE ST MY NO; AfRnduanse Tl oxidize Hb 7
T Fe” 1u heme vos Hb. Iw/fowdu Met. Hb 71 & Ml luanaves Heme i
awsedy 0, 18 Sufnermsd o tuseaunns

NaNO,
Hb-Fe© —————>  Met-Hb-Fe"

NADH - Met., Hb - reductase

1At enz NAPH - Met - Hb - reductase 11 reduce Met - Hb Ialaenuiiu ub
Winhey < 3 oy RBC §alill NADH - Met. Hb - reductase 92yhldifineinmaves

Met — Hb 1 ez 1d5y N, luvwadrg dau RBC §lngjli NADH-Met. Hb-reductase

15



- =Y L T lﬂ' [ F—% é

ud? Jufndiv iddeoniludn ludnsoufinnonlnill fetal - Ho (Hb - B) 89 60 - 80% 4
o, 1 T 1 1] é . . 1
Wnngannniding duludlvefdl Ho-A & Hb-F 92gn oxidize A28 NaNO, T¥ulfsu
¥
iy Met - Bb 188 uazdiend) #b - A saiuludndouunz@ndnfiyvesnisiia Met-Hb oz
AN ABTULT NN ng)
Y d' T d'l .rf ¢ & 5 ar @
- e MsREIWLLssInngnives lumsnuas lulasyl An vasalonvmigdr AuAY
a8 w ' A

Todad Maladuds wihuae Flwamazgu heiue Gousfye omsvisesn o1n1s

A o Y N
duaudissnnTafia luBoseuseliwe

= o« . . -] G ¥ = o E - - st

HAMIUATIZHINN clinic wm‘lmﬁmmmaﬂ'ww‘lﬁmwmm NO; umg NO, ug

chocolate brown taasiluBonll Met - Hb > 15% 1 Met-Hb > 40% 32AAn10e tissue

hypoxia

ar = <
- masnmnAnveshuasauazlylasd
|
fdtheldsu NO; wio NO; Tasmsfuidlszmu masnuniiesdulasmsiid
F=1 r ¢§ =Y r
pfen vIemsaenszinig uazldmeeu (activated charcoal) Feasagamishivldodns
-1 o o a8 6 Yoy =t 5 o o £ )
51037 MIsnuinnzanuau latedl as idihoususwevzduaz Itewhldvasaien
NART 1Y Norepinephrine %30 Dopamine 5L Epinephrine Tagl epinephrine 1:1000 4UR 1
cc N 18AmTs
hdilslianududures MerHb > 40% a233ny lasmsWoendiou tazeudiy
s A i Q!
Methylene blue Uil WeaaAeInTs Cyanosis ii6ie tissue hypoxia Tt Methylene blue quﬂ‘ﬂ
reduce Met-Hb 1 1/Reundudiv Ho
. . o r 9 ¥ o [] K3
VitC (Ascorbic acid) @130 reduce Met-Hb ndudiu Hb 1dud ldnadoendiims ¥
Methylene blue
¢ ' o . . o o e
- Twinsa Tulesd uazensdouw$s “N-nitrosamines” Tulasd aansaih = Ay Secondary
. ’ N . N :{‘ = ¥ or d’i' ’ H 3 R Y
amines %Y methyl amine %39 dimethyl amine Feiinuludiodad, Wista mtlegdn = Ay
.= : . . & . o &
NO; iy Dimethylnitrosamine (DMN) &aiflu Pro Carcinogen lugnrazfidlunsasui

] ¥ 1 3
dospmisiiuanzmmnzaudiqe vimtuszgaiaoulas enz umsaeuzSsludugaihe

D. AF-2[2-(2-Fury}) - 3 - (5 - nifro - 2 - furyl) acrylamide]

(fI\ nitrofuran derivatives ¥iianile Wodeu (1944) thensmarfindiy antimicrobial
agents 11849103 nitro group Tidunuia® 5 ¥e4 nitro ring Inssafeves AF-2 é’quﬂmiuzﬁﬁ
13 dpwigndunsizanih antiseptios; AF-2 goiinnidegegnagrmneludiu T 1965 Tas

Tetaelu und AL ham Tdnson seumudiil acute A chronic toxicity 113l 1973 AF-2 gn
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] 3
wuhiluensiviifa mutation 18 mimiu 127 AF-2 gadunuhduaisnensSeld Tegn
o 8]

H  CONH,

munauaslueg

O,N

3113 Structure of 2-(2-Furyl) - 3 - ( 5 - nifro - 2 - furyl) acrylamide [ AF-2]
2. Coloring Agents
anudiufiuvesansouriddunsizsi
A. @dszianlulas (Nitro Dyes) fiuffifingu Nitro (NO,) pfluTutana edwuiide ldiAe
suasouaziiiifauzEeld SugnosuninsiemsiaFa Taud
- Naphthol Yellow S (FD & C Yellow No.1), No.2, No,,3 No. 4
B. AZO dyes AR AZO bond ( N = N - ) afluTumnanuinedifyuusehliifa
wwiSefnszmnzdaeny uazuzSeiuludainansaazluay SeldounntiyFrensin
o391z USA Ty FDA nouile 1976 YBundmant
- Amaranth (FD & C Red No.2) Iﬂidﬂ%’mmmﬁagﬂﬁ 14
- FD & CRedNo.l
- g2y Tartrazine (ED & C Yellow No.4) Taseadisucrassiagilit 14 vinansnaaeslunum
1 Aamsud 18 luutad sasimsifa 1/10,000 AU UIALUBIUAR Anaphylactic shock Ud
fiwurlon 8013 Urticaria, asthma, purpura (ﬁanﬁaﬁgﬂﬁé‘u‘iuu?aﬁw) adansiud
nswduhfursdanseifiifedosgalussmadunsed@aoiu dsene USA,
sangu syana e saufisnefeyanaldidde

¥
FNNFITUINA Y FMADIDINVIU NWUNTRYLINAT tartrazine UzU0 15 91

OH SO4Na
Swa@N
{ )
Amaranth SOyNa

gljﬁ 14 Structure of Amaranth and Tartrazine.
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3. Sweeteners
A. Sodium Cyclamate

wuhfamunihmanse 40 v enmsneaeddy s Tnokay  Sod
cyclamate:Sod saccharin (10:1) 1A 2600 mg/Kg x 105 weeks 1191 8 910 80 Fadiu fioeen
frsvmnetlaemzdeudnanoelidunauifu ats  Taold 500, 1120 uaz 2500 mg/Ke
WUF IR rats 7IETL 2500 me/Ke Tupausefinszansilanng dnnuiufinaass lusas

1 ¥
78 - 105 weeks Taefailszunn 12 110 70 A2 R AT unauggail

NH-50,Na
@ in vivo ©
Sodium cyclamate Cyctohexylamine

Elj.;ﬁ:.l.‘i Structures of sodium cyclamate and its metabolite, cyclohexylamine

Tudasnaaes Sod cyclamate annga/dsusiy cyclohexylamine Tnomwzd 143y dose
ae q falaseardielugfiis eyclonexylamine hfisnn (LD, rat oral = 157 mg/Keg) fieniy
Sod cyclamate (LD, oral = 12 g/Kg) @31 Acute toxicity of Sodium Cyclamate AaLie ﬂﬂ}}l‘;m
57979 il 1968; FDA Y84 USA Wi Teratogenicity U84 Sod cyclamate 1 rats Soihuidin
a5 il 1969 TusIneivhulduda
mmﬁg Acute toxicity of Sodivan Cyclamate

Animal Method LD,, (g/kg)
Mouse Oral 10-15
Mouse ip 7
Mouse Intramuscular injection 4-5
Rat Oral 12-17
Rat ip 6
Rat Intramuscular injection 3-4
B. Dulcin

] ¥
Flumnsduaszinvanundinibaadssuin 200 w1 Tu UsA welduuudsmwui
=) 1] A a oy H QO =y
fiftudouyud divsnnhifadAdy uoz lusumumsnda RBC lufainaass FDA Sau
Hlue s saudetszmaneiiuidluemisdae
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C. P-4000

Suasdunsziitammamndnima 4,100 W1 Hennn e L es A
wdalimilou Saccharin Aenmueediudumgiififa lsauzSe waefadilussdudi
fufhuiiy wudwihlfiRaduasedela uazlilsunaunisiaouaesdonlnsesd FDA, USA

W ldmaue s Inefduuda

D. Saccharin and Sodium Saccharin
o fel et ' ' ] Y v
dluensFunsiednnanunaundt sucrose Yszuial 300 - 500 wh Wunundant

A ar A o b i
801/ ¥BM3MAD Sweeta, Daramin, 1neisnluie *dumans lassadndsgliiie

o o
NH NNa

sajpn
30, oy

Saccharin Sodium saccharin

gﬂé Structure of saccharin and sodium saccharin.

wedseauyssanudiuiy Tnovyii 185 Saccharin Tunnage q fldiRauzdeluvie
flaanaz waznszmnzilaanz A o ldsemaiuSkmuemsdiumstansnssesnils
doun WdhuewAny3fnumudulmi fsenuh Saccharin Hviqni Wilsng Hldida
fuiidaludaimanes Sernfumsiifiiomasass wihdl 1974 Srenumsiioues
Ussnel Canada Wi iila 1y 1850 Ortho - toluenesutfonamide (OTS) Tuvnagernldifa
sBefinszmeiloanz1d esnnmsfunsied Saccharin tazindovesiild o.T.S Wi
addgylumnda wosnuhiinsandimiodatures oTs Wumsdwelumnda uas
wuilimsandmniodatuues OTS eglu Saccharin fvde TunfSunannnfosseiy dud o
6100 ppm ﬁqﬁumjﬁ’mnmu?qw%(ﬂm Saccharin findn ﬁamfuikgma%imﬁwm Saccharin %4
hezndn ldheruianniinves oTs firnhan Tlilonn Saccharn @umsivildifa
fwths uay Saccharin figndusnmedloenaz WWlugd@ui lineunlaedas dmy Acute

toxicity of Sodium saccharin TudaJ¥iiad1sq awaasiuarswiio
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#11319%110 Acute toxicity of Sodium Saccharin

Animat Method LD,, (g/kg)
Mouse Oral 17.5
Mouse ip 6.3

Rat( mongrel ) Oral 17.0

Rat{ mongrel ) ip 7.1

Rat( Wistar ) Oral 142+1.3
Rabit Oral 5-8(LD)

3 1
Yoyamariiauol? FDA il 1979 annsfissveuoygalfld Saccharin weuems

181ny uaﬂ%'m%unﬂ%'ufr FDA ldfmunmnasguauSaniess Saccharin wazOYaR
194 0TS anfieng 14 luifiu 25 ppm

TugTstfmld Saccharin Tdluewnsiiddmiudomsnonnsiild Saccharin Aoe
amandelFunams1d Saccharin

) [ L d L
Uszmeine ¥arld Saccharin luaSssrmidaaunyiia sawiahwa Wnsziledne

4, Flavering Agents

A, Safrole (3,4 - Methylene Dioxallylbenzene)
Wudendn, seanuunds 60 3 18910 oil of sassafras (3 safrole U5zua 80%) FDA 16
Fuldisl 1958 uazvane q dszmafivhu gy Wesnni hithee 1dnnnsdanney

b 4
0 =, [ et A
wiesnsssumanidiiadiosenludueesy Tnseadisves safrole wanefgiin?

o-—'\o

.
zﬂﬁxz Structure of safrole

5. m3ou q Aldadlifluerms

A. Borax

o

o A ; . 4 4 v & by
Humsoiiundddunsed  ¥emundiil Sodium borate Fsndsnduvizlufe "

7 u::. A ov &
Usgenumes”, “mensoy” 1Wuninlelilid lufindu dravudmiss azawnh14f degn
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anudousznlasududuagu Taeiald1Flugammnssudis 9 @y msiuds, ms

L] oF ] L= o o D’; o= 'Ig 4

a103) HfudFeumeudulidadndety, iludrdudimsndyveessiuamdie
ar o ) A A o

15, tlosfuunzfadeis, Suendeuuasmy, meduemsuaznsesdions 19dluas

& [] d¥ ] oy
fuyaluems, dueainte saulundefu, dedrea uazefuthn

naeryiinves Borax
5 1 = Qs < o < .
HgnF lumsundosiuas bact. uazlinmautianeude yildifia Organic polyhydroxy
compounds 1l idesiidnunznduuaznseungy Sdlimsh Borax W idlumsousu

¢
o113 wazii Ty ldemsuedsu gni, uziismes

Qs cﬁ’l} 3 i vy 2 o P £
nnguauiadesdu Wed - uldunesieled Borax wwanluens welvnsey
=% b & o 3 $ o 1
wagfinamngu uenentiuuese niwai lseinaneyse 1ath Borax mwauifutlasulung

!

gyediudavann

2IN15NH010 Borax

SMldsusaurnezfaonsfizldsn swefimidaaniseoldnesl Borate 1u
iReatlszuInt 500 - 1,000 ug/ml

]

= (] A S/ = A 2t r.'i 4:
DIMITFUUMUAUE M 151 01001, Yo, Iidensennnbioynszmizemsayin
71, MasnrusesmuAte s
Y o A& @ as - LY [ ] ¥
- 9IRS FuuRsnauAamis tagfianilenos q ngaluiild Borax Tundiedy
6 o & o o S
dmiumsnuazdingsiis 10% Weorudldivudamsa iilifmisdamsnasnnga
PRGNS INS "boiled lobster” appearance
L] L] @l B‘J ¥ A ¥
- pwsmesETUlsyem 1 udu, oeuwnds, wauly, thesSuy, du, ndwiiofimis
N3LAN BIVUBINTIEN
3 ]
- uguuse oefaaneden Ramtabu, Ines), anudulaiadias,Cyanosis, Coma
b
uazaeld
o = . 1 1 ¥
- 31N lauazdu 8198 atbumin seni il eneiloan: Wesnwadedunuiies
U au e, Aau
o ] Y 1 ] ] 1 ' a
Twdnsemess ladefivves Borax wnadwazguusaniluging daudingdridsu

.
YUIA 6-20 g/day x MWIAOU BsuanIiEiFeseld luny A1LD,, ~ 45 gKg
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] ¥
91M1518529WY Borax vsansuingmaasmsunnd Wy gadu, nyee, neaduy, ull
u o o 9 4’1’ S/ ar = (= L
30y, neAFns, ufiunsey, Junsoy, vuuidies, naldass madnumy Tullsunwe, 19dn
Vo1 oz ¥ Activated charcoal

* JJogiiu og. 1314 Borax weno1rislunnnsdl *

B. Monesadiam glutamate (MSG)
& 's - . & . ) & &4
Fluasdunswd Mnindsveinia Glutamic Fufiunsa amino alenilenyufiann
t oo o o o ' Iy & a1 Sfﬂ
andad  msil aswsngauemnenamsengsiavniaiagijulatuemsrmany
fR3TH UagNd MSG Dnuauifagsasmis 14a SeiSenfiudt "wegsa (Flavor enhancer)
= o o o oy
Uszmetlnowda segse 91n uffafudnlzndumgnmniam
T o 'Q" 1 -] T = na‘ é‘

weyradinalnlunszdudenfusedau  wazvesihn  dilildesamndemsteiu

] :, 3 9/ 3 tg 2 5
waznszqudsuiihme fldomsswseazaeldmeiudumsmusandoims lnuawe

5
2 g = L & Q

o wandledad  dszmelnelinsldmygraldluesdiSognl  uazfsdufezloen
dwhsogunug

tszmaingldesnngrunelimsgsadivensiionugy  annlszmavesnsznig
ALUN 8 (WA, 2515) (¥ WAL, RIVANBINIT WA, 2507 uazud lumudy Tagsznirane
UFTA p1iuh 49 aedudi 18 w.a. 2515 Tasfvuaiiagle 9 7l MSG egifivdosay 50% 94
O’ ar 1 1 A T =3
iminuasifagiszasdez Ifiudiunauuesems WeudiwSaaSusaesudaiadu

S oy 2 / 48 2 v
ragsanedu duda, dudaunluswoanins deninniunzifisudu o.s.

wagvernuaiiu 2 vila Ao

1. wegsedt el MSG of > 98% wiw

2. WYIANE Asll MSG Bf = 50- 97% wiw

Uggmanuludsemanefikunne dgmmstulaounssauazilguiduansiifinonds

KAy TD

suneifnoInkIysa
=, C{d A 1 1 A

1. fwhildemshaeauesdaunans lu USA, Jwolney naasawuiniieIdnegsaluy

»
Wunn q funyusaaazdanud Mildausedun Hypothalamus Sniery aariu
. - o Qg °Il é 1 :; T

US.EDA 3¢141# National Research Council (NRC) #iridoduwelfinile wafi Tdnudmy

naneaf 193y MSG hillwauandrannanyili 181 MSG uazmysa lifinalumsinas
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aupsdy Taimsnaaosfuauld MSG vuia 147 nfuAu Ald Usingdfiensiialng
A ar [} = =

Tunu Wennuilaeafvvesguam ssdmsemisuasinyasusanisznyia laiesen

-4 ] ] v & o =, n’: o

wuh hinasldssgsaluemsdmSumsnuazudedsasss

g 1 = g A a &

2. Msudeeysa saumuensdldngsaun q ersliomsufiinegsadiy oimshifiafe

wiuazdmefouuns wiumben needdaiivsalnedue mas lodu ensds

A = &’ o o 3

aamwzmadumendefudsemuomsifsgsd 10-20 wf emseznielikos melunm

$o 4 a - <
1-2 210 FefManeadu « WU Schaumberg ef ol. UAZ Chadimi ef ol. NEUTUMANITNAADY
miveyuensuissgsafudadnnuldensgsaunndnind

A I o -3 o

3. pamandrInedu q wus mltussenlatinanas, Mildmsndinsalunszonzems

<
EWLAIH

9 o
Houmuzai
padnsI s HAzIAEATH s szNA (FAO) uuzdhinasus Inareysaiiu 120
] L
mg/Kg BW vi3etlszunm 6 n§u 2 Fousn) aAvaudeTu (dmSuauiiivhwinlifu 50 Ke) §
HARDMIATT IF MSG 1lszinas 172 Feuan deevsdviy 6 au
s Al sy ldmuzdmiuauidiu bsnszuumeduens,  ssuududigha
vitlnd vienudiulsnla
) o o ] + o c:: ] @ oy v
swmsdmiumamanlinsldmeyse  ufjeaeassd ldasSudsemuemishld

WY
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1nil 4 Toxicants Formed during Feod Processing.

wenmnensfufignderiu uavesivufleusndunndeuiiandriediuewsuda fedl

msRufifannnsruumsdsomts ulegtiulaTnsimsineifuazauleduinn uesld
fs1eud wuesAouis msﬂmaﬁuiﬁzﬁm‘fuiummmﬂﬁmm%’auqq 9 Tusenamsiye
s Atsnen Iise mistle e dudu ff'rsmfhf‘:mﬂﬁalﬁnﬁﬂﬁumwﬁ'aéﬁinﬂw

Tusgnhenszuumsnda I8Hdahnlooud Inauluennsegdios 4 vas wihes
Hlssnufiuauiudaosnlivus wu 1141}33&%551]14 (1955) 1d1fa Sodium arsenite udiou
@1l Sodium phosphate Juseviumsnaauy asenssurumsfivihlduds wagetioes 1du
fahuiiougas 10-50 ppm 404 arsenic HoRnwTIRe I8DHINNRBYes arsenic §THILIN

rafefifannassuumadyems Lﬁﬂ%ﬂ!ﬁ@dﬂ'}ﬂﬁ‘lmﬁﬂmﬂﬂﬁﬂ?‘iﬁ\ii{

4.1 Polycyclic Aromatic Hydrocarbons (PAHSs)

18fimsnaanaluil 1964 Tng Lijinsky and Shubik 1dmsaemuensnouziSefie benzo [a]
pyrene (BP) weodlunguues PAHs yumthveiiofdeaoiul Wnadnuiienin
sz 1 Alaniy Lﬁaﬁa{mqm?ﬁnﬁ arsnffinn BP Radunitiu BP ARasinmsien
Indlyrae 600 o

Pott (1775) uwndamsangy TdmemuduiuiazniumsfaueSdignsumzvos
swnmatied uasmsfuadumifivase Metadentos msdnunlidfnvihetedn q u
3 1932 BP grusnesmnensuiiu uaswuhifignideliife ca udad

AID61YDINT UGN PAHs (31U

Benzo [a] pyrene, Benzo [a] anthracene
Chrysene, Benzo [b] fluoranthrene

Tasardrevesmslungu PAHs Awaaalugiliilg

2111"’1 18 Structure of Polycyclic O

aromatic hydrocarbons ‘ﬁﬁﬂﬁhdq Benzo {alpyrene Betwzo [a] anthracene
Chrysene Benzo [a] fluoranthrene
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5 ¥ ] + ¥ .
Msfin PAHs wadutissnnnmsi lufuiigaeglunis ldiuanuieu nasumamganslal
] a oo 3 y . e o )
UUGIHLAY uaznnUfsenfiGend Pyrolysis dualfoumislelasmiueu Adluduenidue
g o/ o w ] =
fauflune (ring) wate o 295208 1 Tuana uagszmein lufuniudivdaz ausduufitves
d’l' =y ' o 1 er A’i’ 2 y do L) 5 L) .é’ = = =
iie Waduasngy PAHs Ardusdiuilofeieiithunuiinn Foudavuludfinafivnmie
Y N AT o da . & ¥ g @ '
veauanaafiuduiulSunlaiundaoghuile wozarudoudldljsemsnud nszuaums
QPN ] -
pyrolysis HegNnunguuiigelssine 400°C m159N11 udns Polycyclic Aromatic
Hydrocarbons found in Smoked food
f]”i‘i'!ﬁﬁi 1 Polycyclic Aromatic Hydrocarbons found in Smoked food (ppb) (b = billion : us = fudu

- uk = AU

Food Benzo {a] Benzo{a] Benzo [e] Fluoranthrene Pyrene
Authracene  Pyrene Pyrene

Beef 04 - 0.6 0.5
Cheese 2.8 2.6
Herring 3.0 22
Dried herring 1.7 10 12 1.8 1.8
Salmon 0.5 - 0.4 3.2 2.0
Sturgeon - 0.8 - 24 4.4
Frankfurtes - - 2 6.4 3.8
Ham 2.8 32 1.2 14.0 11.2

§ovedans PAHs A

4.1.1 Benze [a] Pyrene (BP)

Bp Whufifinfudidh duaudenzdendwalungy paHs sufisdalussdy 07
ppb T 370-390°C WAz 17 ppb 71 650°C Awd Wy e anufeusuudle amino acid way
Fatty acid flernsonaldifia BP Lﬁmﬁnlﬁmm%’auqa 9 ufomImMAT cnsesTEnYL BP
Saweasluaseft 12 daums i3 ueme Amounts of PAHs Produced from Carbohydrates,
Amino Acids, and Fatty Acids Heated at 500 and 700°C
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#1319% 12 Benzo [a] Pyrene Found in Various Foods

Food Concentration (ppb)
Fresh vegetables 2.85-24.5
Vegetable oil 041-14

Coffee 0.31-13

Tea 39

Cooked sausage 12.5-18.8

Smoked hot sausage 0.8

Smoked turkey fat 1.2
Charcoal-broiled steak 0.8

Barbecued ribs 105

715199 13 Amounts of PAHs Produced from Carbohydrates, Amino Acids, and Fatty Acids Heated
at 500 and 7060°C (g /50 g)

PAH D-Gluose Starch L-Leucine Stearic acid
500 700 500 700 500 700 500 700
Pyrene 23 1680 41 965 - 1200 | 0.7 18,700
Fluoranthene 19 1200 13 790 - 320 |- 6,590
Benzo [a] pyrene 6 345 7 179 - 58 |- 4,440

amnilunsves Bp

Bp dhumsdideldifa ca fdeuthasepusentistulungy PAHs drefu nnns
naaoslu mice Womsfil BP 25 ppm We oral x 140 days MiliAeuzSesiadenn
(Leukemias) LLazf:tfmanﬁﬂaﬂ (Lung adenomas) uazuzﬁeﬁﬂimwzmﬂﬁ (Stomach tumors)

sInmsnaaesly rats 9 oral §11 BP 10 mg x 3 per week 114! skin tumors (LAY
WINNI 60% H1aAYUIRAUNAD BP 3 mgx 3 per week WUTIBATINIIAA Skin tumors 92aAA
NIRRT 20% 811 BP > 10 mg x 3 per week WUTIEASINSAA skin tumors szt
Bt eINBY 100%

4 s 4 ¥a
INNISNAOIMIIIR BP > 10 me x | per week x 10 weeks N oral M1idina Stomach
cancers ; fln S 10mg g¢ W 1Afa Stomach cancers ; ¥ B ‘ﬂ 1060 mg wulIufey 70%
ﬂ:ammwﬂammﬂmmﬂ Stomach tumors mswn 14 a'ad Relative Carcinogenicity of Typical
PAH
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A1519714 Relative Carcinogenicity of Typical PAH

PAH Relative activity
Benzo [a] pyrene 4+
5-Methylechrysene +++

Dibenze [a, h] anthracene ++

DiBenzo [a, i] pyrene ++

Benzo [b] flouranthene ot

Benz [a] anthracene +

Benzo [e] phenanthrene +

Chrysene +

+++'=high; ++=moderate; - =weak
Mode of toxic action

A o’ ﬁ.g r r 1 L] [+3
dglo ¥ BP ludafidenssd wud BP szrhusndh ldgnealunssdld wudwhin

& 1

3
[fn skin 1A lung tumors fugRVaIdaimaiuld

t 1

nalnmsifin Ca MasfnmIag Wy’

Cyt-P s Epoxide hydrolase
BP —> active metabolite ———> 7,8 — Epoxide ———= 7,8 diol
Oxidation Hydration

Cyt-P,,, | Oxidation
diolepoxide

fiu gudsznsy

i}

o . s P 1 = & v ar 9
&1 diolepoxide Himazifumsdolifia ca wosnindnuansaszi
& a .
Y04 cells 52T DNA 920 Farioldiing mutation 14
Baker  uwaznae lAfnwmuifilsuinsesssdonaeiuiodluilamizveduiina
L4 ] [] ]
smsiionnes lvuss YTinaiwulullaazdu 1 Tu 3 vealSunaemnsnenaoiuginuly
& o oa & A = ' o 9 e a
Wenuilan  Feaaynimsgaduvesmsnonaeiufidigieme unzgadueenmaeiiaas
] »
sz 30% daufimie ervazauegluedeizdn q vessumy  usnnintifmuiinsilye
g . Iy r o ' 1 wr
o mtiiiodailasld microwave oven MiliRacsdonmowufiosnhiminea ehuduldda

A& - w
HBWIBLUNL control
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4.2 Amino acid Pyrolysates

o ol 3/ o = & s/

dnanerrndas & lefnymanssmafiamsAiisanamsilisems lavldanuiou
or . ¥ g g
Funnauy Sugimura unzane Idnymuilameansesu wazileiivlfgnlasnsTdanuieu
Tasasennalar leuse (open gas flame) uansguauadiuastenaeiuggann sl

Pl
WINIAKAYEIESHIN PAH udadiefien Telimsdpmeunuhlumsdgsemstduldinams
] ar = b e R % = 1ot .
Aenmenugsiiaguuse Fufumamnond§fSen pyrolysis vesnsaeeiiTuunestia fill nitrogen
otlu heterocyclic compound 31 nsanTTavhu nsangaiiia nsa¥iliaezartiu uaznse ladu
a ' . R - & g ¥ o Ly 1
1¢RnnGuYes Polycyclic aromatic amine Fuflufiy luvneziiliarwioufuemsniilisdugen
a8 A a J A . aa'w 5 g 1 =t ﬂ 1
asREfiRaTUI03010 amines wazilumshifonszdudae enzyme Apunvsuanuumsne
P A = a:: 1 i

ﬂmsmuf Faudlumaiy hydroxy group ¥ nitrogen atom (N-hydroxylation) SR RiY
intermediate step TR epoxide orefiduReItes Tnsdludnsildidansnaeiufuazms
= o 1 . R . i o J =t o "'j
ifauzSa amsfinlungy Polyeyclic aromatic amine Mfadud Invsad ndwmanaslugling

AIDEIVONENT Mutagenic heterocyclic amines

Trp-P-1 , Glu-P-1, MeACQC, ACQC
MelQx , iQ

Tasee$ 19499013 Mutagenic heterocyclic amines Lefaeaegih1g

CH,
™ N\ NHz
O O IR
y e W
Ha CH3 1

Tl’p—?—l c Glu-P-
CH
peifA ®
/ /
5 N NH; ﬁ N NHz
MeA C A C

NHy

NH;
N% N%

N-__._cﬂa

MelQx Q

EJinI_Q Structure of Mutagenic heterocyclic amines
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annan 9 ‘?‘Itﬂu mutagen ﬁwﬂuﬂmﬁﬁﬂ heterocyclic amine imidazoquinoline (IQ)
uag methylimidazoquinoline (MelQx) 137 2 Faiimter ot Lsﬁngmmﬂﬂéamﬂu
a5 active mutagens finUvesdatraesiiauasiyyd whihesluasfidel¥ifa mutagen ﬁ;u
w34 uannnInaasdly rats wuh mldine Ca sduseu 9
wennTuSon Trp-P-1 i8¢ Trp-P-2 uag Glu-P-1 Shumsfideldine ca Tu ra,
hamsters and mice (51U o1 Trp-P-1, Tp-P-2 A mice Tusnmsmethnnui % ms
sﬁmﬁaamg&%unm S50 amino acid uag protein pyrolysates 819971 1dAe Ca lu
SLUUNNRUD NI VOITAInAnDItEABIRnEAuAD 110 heterocydlic amines manis feliifn
suaseluaunselai
Trp-P-1, Trp-P-2 ﬁ111%’11@11?2‘15’%’1}?{3‘:5&3?1u:l.%’mmu multiple hepatic tumor A& ly

- a’ 5 o [d r 3 4 GS'A:.‘. Q" !
19an 440 T wae 420 Tu auddu uazdanuhmsveassidlumshtignidiumsdenatewug

4.3 N-Nitrosamines
Sod. Chloride U8z Sod nitrite AN INOUONBIMITUIUTUAAITH GNTOUBUBINIIVOY Sod.
Nitrite 31910 Nitrite
- Precursors 1A Nitrite 1o Nitrate
.. [ ¥ A
Nitrite F60UIUMS IALHDINN
] o 3

1. gnIMugeTw lnomwizestignidubnssay@ulaues Closnidium botulinum
4 A
FIHTA toxin BTN

3 ¥

2. Nitrite  iddlelifusniifudseniu  @HNIR  nitosylmyoglobin  uag
. L& m/ P\ ) A . o
nitrosylhemoglobin tHB4910 nifrite N reduce 1y nitric oxide 90T nitric oxide W =
il myoglobin 10 hemoglobin

. 1 3! A Vo A’ J ]

3. Nitrite T8 ¥naULEsaYeTH T BUIEn L InTY Tasawizninilon a9

Wwmwes  Nimite  Hoygnalildlusmsuandnduluudezdsema Tasnaly
152170 10-200 ppm

Nitrate wulus s Taesialel Wy davwan nendnla, carrots , fnua iludu

Nitrate 148115 92QA reduce 1ay bacteria Tuihnuas lud1&dn &y nitite
- Occurrence

M5AR nitrosamine 1A% 2° uae 3° amine Qmau nitroso group o4 T

a4 -
Tuvuzidusuay
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Fatty acid+1° amine———> 2° amide

150°C .

l +NO

45 min )
N-Nitrosamides

A13A8 nitrosamine AR 1AA7 pH Wunsa ~ 34
MIAY  nittoso group W amine Fdfumasou 9 swdadniiduwaud 9 | Tooorisy
halogens 10 Thiocyanate $IUATNMTINA E nitrosation
g
%19 Antioxidants 1% Ascorbate U8 Vit. E. Ut
ASIAA = nitrosation
A ¥ L] . J : 1
a1 lunguilidu Diethylnitrosamine (DEN) L2 dimethyinitrosamine (DMN) fiadulnidosnn
ATzzeMITYesEainaneaunsuyed 7 1ATUMIAueMISNT amines uag nitite 9§ =
. . J ::;. (4 L] & . . . t
= nitrosation Heannsafialuemshldiuanuiengausu bacon ¥4l nitrite A amines g -
o = . . Aq .. g s ) = [ [] ..
BATINTINA nitrosamine Twdamild nitite  usugmglivesmsPular ndsonld nitrite
d mutlnfild niie uda SuiuludBuudlezifin nitosamine Yovniwlafidiulayld
v 4 1 )
fuanudou Faflliuond Tlsauludmldsuanudou vldmulSute: 2°amine 14
et o "y < o Y Vo o @ 9o . .
BN nitrite  WeWRgAMAterHa navldTuauTeundainlfiAn  nitrosamines
o8 iougeRBufa nitrosamines 110
ar T N . . & 4 o
NMSTUNA WU Volatile nitrosamines aunsaiald Suswauniosnlyasa Hodi 2
amine UATAIOUDNBINIT WU nitrite umsaionldnsen udufyldnsen Aifunannu q
L
msudilyw Tnomsweumsmdniudouldeds
= o o A . . o gel o &
MIAATIRIUBTINOMT  Nitrosamines 1 USA  pazfiefmiudnTasald wo
. . o, o o 1 Y - =8 o Yoo o
Nitrosamines TutfSinmiidn usenewvyurededisiitl DMN gefis 70 ppb wasfanuiufloss
namnondn Mae fgndildudelaoniar W laenss 1388 nitrosamines 1dwnnd1 41
¢ 3
mat figavh s TaensanTueime axiulssonudiesSeiuuniditand1n mar Widsiu

BINIANUNU

- Toxicity

nitrosamines gMimarsumaNNEIse lunsdlumsdeuzSe ewnsuinnd 100
wila gaihwmaney wuhdainaassedwios 1 wia Wavside Tasemslsyina 80% uaaq
anuasaiuiiuesdous§

DEN wunneldifa ca Tudaduseuin 20 wile
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¥ 3
DMN uag DEN SlumsaouzSeiguuselunguil
L] = -4 o d' J =1 [ =
A5 DMN 50 ppm 1y rats x 26-40 weeks fAiliifanioweniugy wuangetuluSndinldifa
& 4
iiesendila
ar o Y o J @
DEN 0.3 mgkg W rats x 500 70 finlditauiioenludy
14 T
DEN 0.075 mg/kg I rats x 830 Tu v iifaiosenidy.

v v 3
e lunsuunidadn Threshold dose YB3 Nitrosamines fitnileniiidife ca dudhuvile?

- Mode of toxic action

Nitrosamines WIRWIZISIZ9sAB0 SNz iTuezdelfifn Ca wu DMN fhudaildia
Ca fifu upziinainsathedala

benzylmethylnitrosamine JHAIRWIZADHADAD NI
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915199 15 Nitrosamine Content in Typical Cured Meats

Meat Nitrosamine Level {(ppb)
Smoked sausage DMN <6
DEN <6
Frankfurters DMN 11-84
Salami DMN i-4
Fried bacon DMN 1-40
Nitrosoproline 1-40
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4.4 Food Irradiation (@1¥N3RRHMINIBLEN)
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4.6 Maillard Reaction Products

L.C. Maillard (1912) uﬂLﬂiJ‘l)"l')FlNLﬁfT'lﬁﬂQﬁﬁi{ﬁﬁ'm lﬂ&’}ﬂ‘i_i ﬂl't"N amino acid 0¥
Carbonyi group *ummma uaﬂmnuumsfmm Carbonyl + Amines ﬁ'w AIDUNYBY Muiagenic
materials ‘nﬁam 910 Mailard model system 1af aldose sugar {carbonyls) + amino compound (
alkylamines, aminoacid, proteins ) v d-Glucosetcysteamine ; Cyclotene+NH, ; I-Rhamnoset
NHS-FH?'S ; Maltole+ NH, ; Starchtglycine ; Lactose+casein ; Potato starch+(NH,),CO, ; Diacetyl+
NH, #28619989M31AA Maillard reaction Saary1fluguii2o
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Aldose sugar N-Substitute I Amino-1- deoxy
(carbonyls) —_— glycosylamin Z-Ketose
+

Amino compounds

alkylamine

arnino acid

Protein

Heterocyclic compound Melanoidines
3120 Summary of the Maillard reaction.
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unf 5 Food and Drugs Interactions
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( FOOD MEDICATION INTERACTIONS )

Intreduction

5.2.1. Effect of Food/Nutrients in Medication Kinetics
5.2.2. Effects of Medications on Nutrient Kinetics
5.2.3. Effects of Medications on Food Intake and Nutritional Status

Introduction

The study of the absorption, distribution, metabolism and excretion of drugs is referred to as

pharnmacokinetics.

The study of the absorption, distribution, metabolism and excretion of nutrients is nutrient
kinetics.

Absorption: Process by which a drug/nutrient proceeds from the site of administration to the
systemic circulation.

Distribution: Movement of the drug/nutrient from one location to another.

Metabolism: Process by which the drug/nutrient is chemically changed by the action of
enzymes

{(usually in the liver). The metabolite may become more active, less active or as active as the
parent compound.

Excretion: Process by which the drug/nutrient or metabolites are removed from the body
primarily by the kidneys.



5.2.1 Effect of Food/Nutrients on Medication Kinetics
5.2.1.1) EFFECT OF FOOD/NUTRIENTS ON MEDICATION ABSORPTION

The presence of food in the stomach may decrease the rate and/or extent of drug absorption.
The absorption of the antihistamine astemizole (Hismanal) may be decreased by 60% when
taken with food.
A high fiber diet may decrease the absorption of tricyclic antidepressants such as
amitriptyline
(Elavil).
Chelation occurs between certain drugs and divalent/trivalent cations Ca, Mg, Al, Fe, Zn, thus
decreasing drug absorption.
Ciprofloxacin (Cipro) forms an insoluble complex with Ca in some dairy products; Ca, Fe,
Mg
or Zn in supplements; or Ca, Al and/or Mg antacids, decreasing drug absorption.
The presence of food in the stomach may enhance the absorption of some drugs.
The absorption of cefuroxime axetil (Ceftin) is significantly higher when given with food than
when fasting,

5.2.1.2) EFFECT OF FOOD/NUTRIENTS ON MEDICATION DISTRIBUTION

A significant decrease in serum albumin may increase the free fraction of highly protein bound
drugs.
Hypoalbuminemia (< 3g/dL) provides fewer binding sites for highly protein bound drugs such
as phenytoin (Dilantin- 90% bound) and warfarin (Coumadin- 99% bound). Therefore a
higher free fraction of drug is available, resulting in increased drug effects.

5.2.1.3 ) EFFECT OF FOOD/NUTRIENTS ON MEDICATION METABOLISM

Food may alter the hepatic metabolism of some drugs.
Concurrent ingestion of food and propranolol (Inderal) reduces first pass metabolism of the
drug. This result in higher serum drug levels.
High pro, low CHO diet induces the cytochrome P450 mixed oxidase system, promoting
hepatic
metabolism of drugs significantly metabolized by this enzyme system, such as
theophylline
(Theo-Dur). Drug levels may decrease.

5.2.1.4 ) EFFECT OF FOOD/NUTRIENTS ON MEDICATION EXCRETION

Foods and nutrients may alter the renal excretion of some drugs.

Lithium (Eskalith) and sodium compete for tubular reabsorption in the kidney. High sodium
intake causes more lithium to be excreted. Low sodium intake will cause the kidney to
retain lithium, raising blood levels.

5.2.2. Effects of Medications on Nutrient Kinetics

5.2.2.1 ) EFFECT OF MEDICATION ON NUTRIENT ABSORPTION

Drug complexes with nutrients preventing the absorption of drug, nutrient or both.
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Antibiotics tetracycline and ciprofloxacin (Cipro) chelate with divalent or trivalent cations, Ca,
Mg, Fe, Zn,

Antihyperlipidemic, bile acid sequestrant cholestyramine (Questran) adsorbs fat soluble

vitamins A, B, E, K.

Drug alters gastric acidity.

Prolonged use of antiulcer drugs such as cimetidine {Tagamet) may decrease absorption of
vitamin B12, thiamin, Fe.

Drug damages mucosal surface.

Medication induced mucosal damage by antineoplastic drugs may cause decreased nutrient
absorption.

5.2.2.2) EFFECT OF MEDICATION ON NUTRIENT METABOLISM

Drug increases the metabolism of nutrients resulting in higher requirements and danger of
deficiency.

Anticonvuisants phenobarbital and phenyioin (Dilantin) increase the metabolism of folic acid,
vitamins D and K.

Drug causes vitamin antagonism.

Antituberculosis drug isoniazid (INH) inhibits the conversion of pyridoxine (vitamin B6) to the
active form. This may cause vitamin B6 deficiency and peripheral neuropathy unless a B6
supplement is also prescribed.

5.2.2.3 ) EFFECT OF MEDICATION ON NUTRIENT EXCRETION

Drug increases the urinary loss of nutrients.
Loop diuretics, such as firosemide (Lasix), increase excretion of Na, K, Cl, Mg, Ca.

Drug decreases the urinary excretion of nutrients.

Thiazide diuretics increase excretion of most electrolytes, but decrease excretion of Ca due to
renal reabsorption.

5.2.2.4 ) MODIFICATION OF MEDICATION ACTION
ENHANCEMENT OF MEDICATION ACTION

Foods or additives have effects similar to those of a drug, enhancing the effects or toxicity of
the drug.

High caffeine intake may increase the adverse effects of theophylline (nervousness, tremor,
insomnia),
Tyramine, dopamine or other vasoconstrictors in food enhance the toxic effects of MAO
inhibitors, such as tranylcypromine sulfate (Parnate). This effect may cause a
hypertensive crisis, which can be fatal.
5.22.5 ) ANTAGONISM OF MEDICATION ACTION
Nutrient or food ingredient may oppose the desired action of the drug.

Vitamin K aids the production of clotting factors in direct opposition to the action of warfarin
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(Coumadin).
Caffeine is a stimulant which counteracts the antianxiety effects of tranquilizers.

Diet counteracts the effect of the drug.
High fat diet counteracts the effect of antibyperlipidemic drugs such as Jovastatin (Mevacor) or
gemfibrozil (Lopid).

5.2.3. Effects of Medication on Food Intake and Nutritional Status

5.2.3.1 ) ORAL AND TASTE/SMEILL EFFECTS
Drug may impair salivary flow causing dry mouth and increased caries, stomatitis, glossitis.

Tricyclic antidepressants such as amitriptyline (Elavil) cause dry mouth and sour or metallic
taste.

Drug may be secreted into the saliva.

The antibiotic clarithromycin {Biaxin) enters the saliva causing a bifter taste.

Drug may suppress natural oral bacteria resulting in oral candidiasis.

Antibiotics, such as tetracycline, may result in oral yeast overgrowth i.e. candidiasis.

Drug may cause dysgeusia {taste change)

Antihypertensive drug captopril (Capoten) causes taste disorder or loss of taste perception.
Drug may damage rapidly proliferating cells.

The cytotoxic effects of antineoplastics such as cisplatin or methotrexate cause stomatitis,
glossitis, esophagitis.

5.2.3.2) GASTROINTESTINAL EFFECTS
Drug may irritate the stormach mucosa causing distress, nausea, vomiting, bleeding, ulceration.
Nonsteroidal anti-inflammatory drugs (NSAID) such as acetylsalicylic acid (aspirin), ibuprofen
{Advil, Motrin) and naprosyn (Aleve, Anaprox) cause stomach irritation, sometimes leading
to sudden, serious gastric bleeding.

Drug may affect intestinal peristalsis.

Anticholinergic drugs (antipsychotics, antidepressants , antihistamines) will slow peristalsis
causing constipation.

Drug may destroy intestinal bacteria.

Antibiotics (eg ciprofloxacin (Cipro) cause overgrowth of Clostridium difficile and
pseudomembranous colitis.
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5.2.3.3) APPETITE CHANGES
Drug may suppress appetite.
SSRI antidepressant drugs such as fluoxetine (Prozac) may cause anorexia and weight loss.
Drug may increase appetite

Tricyclic antidepressants and most antipsychotic drugs, such as amitriptyline (Elavil) and
thioridazine (Mellaril), stimulate appetite and weight gain.
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‘iJ‘n'ﬁ 7 GMOs Risks and Benefits

GMOs RISKS AND BENEFITS:

7.1 POTENTIAL NEGATIVES OF GMOs

Even some of those who are not opposed to the principle of genetic engineering are concerned
that the science and economics of releasing GMO products into the market is outpacing the
safety issues of how these new species will effect health and the environment.

The following is a brief list of some of the negative effects of genetic engineering. Some of the
examples are based on well-documented studies, some are preliminary results, and some are
speculation of possible negative effects.

7.1.1 Health Impacts

Allergenicity. Pioneer Hi-Bred requested a study in 1995 of a new soybean developed by the
company that spliced a Brazil nut gene into soybeans to create a soybean with a nutritious nut
protein. The study showed that the transferred gene was enough to trigger reactions to the
soybean in those allergic to Brazil nuts. The study has become a landmark example of the
possible safety hazards of genetic engineering.

Health implications of Bt. Many environmental concerns surround genetically modifying
products to contain Bt. A lesser explored concem is the health implication of ingesting Bt. As a
spray-on pesticide, Bt easily degrades into the soil and can also be washed off produce. In Bt
crops, however, the Bt does not have a chance to degrade and is at its full potency all of the
time -- including when ingested. The long-term effects of ingesting Bt products are unknown.

Antibiotic resistance. Genetic engineering ofien uses genes for antibiotic resistance as
"selectable markers," and most genetically engineered foods carry fully functioning antibiotic
resistance genes. According fo the Union of Concemmned Scientists (UCS), eating these foods
could reduce the effectiveness of antibiotics to fight disease.

Pusztai study. Dr. Arpad Pusztai, formerly of the Rowett Research Institute in Aberdeen
Scotland, conducted a controversial, un-peer reviewed study where he fed genetically modified
potatoes to rats. Dr. Pusztai's study documented that these rats experienced stunted organ and
brain growth and breakdowns in their immune system. Dr. Pusztai was fired after he released
the report results.

Medical Associations. The British Medical Association (BMA) called for segregating GMO
and non-GMO crops so that health effects of eating GMO food can be tracked. The BMA does
not contend that GMO foods are dangerous but recommends proceeding slowly since there is
no proof of safety or knowledge of the long-term implications of eating GMO foods.

On the heels of the BMA's announcement. the American Medical Association (AMA) is
revisiting its stance on GMOs. The AMA's 10-year old policy stating that biotechnology is
beneficial to society pre-dates the growth of GMO crops for commercial consumption. The

AMA concedes that the issue needs to be reviewed in light of the new dietary applications of
GMOs,
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1BGH. As with other genetically modified foods, the long-term effects of ingesting rBGH milk
are unknown. Studies have shown that cows treated with IBGH produce more low-quality,
decreased protein milk. Also, rBGH milk contains more bacteria and consequently can go sour
faster. The FDA maintains

that there is no significant difference between the content of regular and rBGH-induced milk,

Hormone injections can be detrimental to the cows, as well. Cows treated with tBGH have
higher rates of udder infections, which lead to cystic ovaries and uterine and digestive
disorders. These conditions reduce pregnancy rates and increase the need for antibiotics.
Scientists are expressing concerns that the increasing use of antibiotics in food animals will
reduce the effectiveness of

human antibiotics.

EU Studies on Beef Hormones. In May 1999, European preliminary studies submitted to the
European Union found that estradiol could have cancerous effects. An EU press release
reported that, "As a residue in meat it can both provoke cancer and make existing cases worse,
even in small quantities. The five other hormones could also have carcinogenic effects,
although there is insufficient proof at present to armive at a quantitative estimate of the risk."
Risks to women

and children for immune, endocrinal, and neurobiological disorders were also cited.

7.1.2 Environmental EImpacts

USDA study of impacts of adopting genetically engineered crops. The USDA's study had
mixed results. Increased use of herbicide-tolerant cotton was associated with significant
increases in yields and profits but were not associated with significant reductions in herbicide
use. Increased use of herbicide-tolerant soybeans produced small increases in yields and profits
but a significant decrease in herbicide use.

Biotechnology Industry Orgamzation (B10). The BIO reported that the use of Bt corn reduced
insecticide use on only 2.5 percent of the total US com acreage in 1998.

Monarch butterflies. Cornell University recently conducted peer-reviewed lab studies where
monarch butterflies were stunted and killed by eating pollen from genetically modified comn.
Monarchs do not fed on com but if the pollen from Bt com lands on milkweed -- a primary
food source for Monarchs -- the Bt pollen has a deadly effect. These findings have implications
for other beneficial insects who may be effected by Bt toxins (i.e. green lacewings who feed on
the European corn borer -- the pest targeted by Bt com). The study results were published in the
journal Nature,

Transgenic pollution or "genetic drift." Transgenic pollution occurs when pollen from
genetically modified crops blows into other areas, including organic farms. It has
environmental implications because of the possible effect on existing ecosystems of cross-
pollinating genetically modified crops with native plants. Such cross-poilination could result in
new breeds of plants and, if cross-bred with crops genetically modified to be herbicide-tolerant,
could produce "superweeds”

resistant to herbicides and act as an additional "selective pressure” to create insecticide-resistant
bugs.

A 1996 study in Denmark using oilseed rape indicated that genes inserted into crops could
move rapidly into their wild, weedy relatives. Other field tests using genetically engineered
potatoes showed a high frequency of gene flow between GMO and non-GMO plants -- between
35 and 72 percent of the seeds of non-GMO potatoes planted up to 1.1 kilometers away from
GMO potatoes
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contained a transgene.

Bt resistant insects. Scientists at the University of Arizona conducted a peer-reviewed lab study
indicating that insects might develop resistance to Bt cotton plants more quickly than expected
making some genetically modified plants obsolete sooner than expected. The study focused on
pink bollworms and raised the potential problem that the mating cycle of Bt-resistant bugs was
out of synch with regular pink boliworms. The fallout is that Bt-resistant bugs will only be able
to mate with each other, which could lead to a dramatic growth in Bt-resistant bollworms.
Results of the study were published in the September 1999 issue of

Nature.

7.1.3 Economic Impacts

Seed patenting. The development of the “terminator seed"” -- seeds genetically engineered to
work for only one growing season -- will force farmers to purchase seeds yearly instead of
being able to save seeds from one growing season to another. The ability for companies to
patent these seeds means that large multinationals gain more control over the agricultural
market. Already 10 seed

companies confrol over 40 percent of the market. The terminator technology also threatens the
centuries-old farming tradition of seed-saving.

Transgenic pollution in organic. Terra Prima, a certified organic producer, had to destroy
87,000 bags of their chips at a cost of $147,000, when the chips tested positive for GMOs and
could not be sold as organic. The presence of GMOs was traced to contamination from pollen
blown over from GM com grown on & farm near the one producing organic corn for Terra
Prima,

7.2 GMOs POTENTIAL BENEFITS

In a July 1999 speech before the National Press Club, Secretary of Agriculture Dan Glickman
urged the American public to focus on the potential benefits of biotechnology over any fears
they might have. Echoing the proponents of genetically modified crops, Glickman claimed that
genetically engineered foods will increase crop yields, reduce pesticide pollution, and help feed
the hungry in developing nations.

However, according to the Institute for Food and Development Policy, lack of food supply is
the number one misconception regarding world hunger. Current global food production levels
are high enough to supply every human with 3000 calories a day — the average consumption of
an individual American. The institute blames poverty and accesstbility for world hunger, not
lack of production.

Additionally, figures released by the USDA in early July did not show increased yields or
decreased pesticide use with GMO crops. The USDA studied the performance of modified
cotton, maize, and soya beans from 1997 and 1998. In seven of twelve regions, farmers using
modified crops had to add the same quantities of pesticides as farmers using non-genetically
modified crops. Also, in twelve of eighteen regions, genetically modified crops produced no
greater ylelds

than non-modified crops.

Even as he highlighted the potential benefits of GMO crops, Glickman admitted that little is
known about associated risks to human health and the environment. His comments reflected the
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government’s ‘wait and see’ attitude toward GMO safety. "We don’t know what biotechnology
has in store for us, good and bad," he said, "but if we stay on top of developments, we’re going
to make sure that biotechnology serves society, not the other way around.”
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