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Thesis Title The Study of Smoking Effect on Plasma Zinc and Selenium Level
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Supervisory Committee Lecturer Walun Wilaihong

ABSTRACT

It was report that tobacco smoke is a common source of Pb and Cd exposure.It contains
numerous compounds, many of which are oxidants and proxidant, capable of producing free radical
and enhancing the oxidative stress. Damage cellular function. The low antioxidant status and increased
oxidative stress in smokers. It have been clearly elucidated by high oxidant content of smoker. Zinc
and selenium are co-factor of many enzymes in antioxidant system and its could be replaced by heavy
metals. Tobacco smoke affects plasma zinc and selenium.when low level zinc an d selenium the anti-
oxidant system will impair function too. The aim of this study was to investigate plasma zinc and
selenium in tobacco smoke. 73 samples from police station .Plasma zinc and selenium were measure
in 38 tobacco smoke compared with 35 non-smokers. The tobacco smokers were regularly smoking at
least 1 year. Inductively Coupled Plasma-Mass Spectrometry use for evaluate plasma zinc and
selenium. From this study, plasma smoke and non-smoker are 920.2 + 142.9, 704.9 + 241.6 \g/L and
plasma selenium are 131.4 = 16.4, 119.1 £ 15.1 Hg/L. Plasma zinc and selenium in smoker were
lower than control group (p < 0.001, p=0.001). Number of smoke is inversely related to plasma zinc
and selenium level. The conclusion of this study is smoking more than 1 years will decrease plasma

zinc and selenium

Keywords: Zinc/Selenium/Smoking/Heavy metal
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11. flﬂ'JnJﬁWﬂﬂJuGlfJﬂTiﬂ'J‘UﬂﬁJﬂWTVH\ﬂu"U’ENaﬁiiﬂuflum’ﬂu (insulin) SQLUJ’N
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= [~ 1 a Aa 1a a o Y =~ a a 9 [
aﬂm"lmﬂumuﬂizﬂammaucgau Lmaucgau%mqm”l@amwﬂiwmmwmmmﬁﬂ

‘DE
)

ne

] [

@ o I a a a 4 1
12. ?Nﬂga ﬂ’llﬂua1ﬁﬁﬂﬂ15!fﬂ5ﬂlumﬂjﬁLlﬁ$ﬂ1§!%§muﬂlﬂﬁﬁgﬂﬂﬁﬂwu§ Uagw8

Y Y a

Y o Y ~ Y [ I ] Y ~ A Y =) dy o
Idaeugnmnnmihmin lagndes fesnumaitiumiu dmenvianionsdinsmyoarogiog
o ) T 3 o [ I o
ATIUIUA LAz BIzAD1 TuudedIInuadens Mt uguaun
Y| [T a o A d a A o 1 Yy 9 [ =
13. Hleanudnaziiy auiiluaitaziiuaznu AU uIuvosdansaluy
o ' a o 1 4 v v oA a . . 1 1
woamnUng daned WeldadausasunuIaiu 1o (Vitamin A) 13 1aavu uazaeld
4 o a a 9 o SIdda! 9 - o 9 A ~ 9 é’
wagamsmineriandue T 155 Temi ldaauaie e visadimssungnad iy
Tyl 9 Fgunmd vazwundunerdesnunmssnuaugavestSua lagulummis uay

muguilymmanadinnmsgaduves luiuldane
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! Y a9 [ 1 Aa oA 3 A
14. %aaimzuugumumuTimmJ«,mTﬂfmTi'l‘ﬂmﬂmiﬂgummmmmmaamn
Y o Y 1A a A 2 o & A ] 1
Tagmnig T-Lymphocyte 11911 laedafidsza@niamanniu astiuluvaghinisiuile
1 < 9 o = I a
F9NBIABINTAINS NN UNIAY
A g 9 A 1 A o A o = k)
15. auntluaenszan 1uﬂ’N¢n‘Hi’011451\1ﬂﬁﬂﬂgnﬁﬂﬂzﬁﬁicﬁﬂ‘ﬁiiiJﬂ”ILLﬁ’ﬂu
v ]
N Y % = 1

S o = (% a2 A o < Y v A ]
AINANVSY AINSAFIAIUU ﬁ’\‘]ﬂ$’€Tl|ﬂ’Janﬁﬂﬂl‘VIi]z‘]f’JEJ‘luﬂﬁiJmeuulﬂ‘]fﬂ 11!5181/]1%

g

< Y A A @ a A 1 = [ = o 3 Y =
aunsoneunu la luida mssudsemudaiivessiaded lidunsiivane suludesd
(2 a Y a a 1 d‘ 1 9 = 9
danzaeuudreIniuennumasoulussmemieonin lFnuaiuae
a o 1 a U = A a QU dd‘d a a
16. wamsrveagaveInaas udIngalulina g madsndainzanilseansnm
wa ¢ a A g v v A
Tumsangiiamssivesmsaaieludn-Ageoig aanisaveala 25% 1nveilszamandon
(Age related Macular Degeneration: AMD) Tu é’qamq uagﬁi’ﬂaaﬁﬁmaz Sickle cell disease (SCD)
o J < v v @ 4 o { @
M35 15AgInTzIveunn Tsn hyadusnay C 5054 shigellosis 15niEow T Tsn Tinlon
4
1% leishmaniasis AaemaaumMaaumelaReunay, Isania mnlseansamlunsan

Oxidative Stress LAz e AOONLEL 151 TNF-alpha (1a1% IL-1beta

2.1.1 MIQATHYDININTE

(2 = v W A

o [ [ N . . . .
mﬂzaﬂzgﬂ@@%ﬂuaﬂmaﬂ 7N H2IUNY Metal binding protein fi® Metallothionein
Jdo Y U 9 v 4 4 J 1 74
Turadd lduazgnuudenoriinsziaion lagduny Albumin ovudaligadou q Tu
1 1 I o Y 1 \ = o 2 Y o
sumeae 1 gnlidymmsaaduvesdr 1disu Crohn’s disease vzlivadangd 14 nazgnivuoen
3 [ R g o ad a 9 9 1 =< ] o [T
nganszdludiulvg suiludingd@nus Inarh luudr ligneaduaimitgesvesd 1dian
9Il Y 1 = 9 { [ [ [
UONINU Mg uaIe Varudseiosnunetaaidy dengd senniaddanne lagduny
nsaeziilu 18onale Feluaudndszduaie danzd oondsyanaTuaz 300-600 TuTnsnsy
v a a ' 3 o @
uaaFey Woawesa Imliud a1slvne (phytate) launmaasawazoa tagleoims ag
L% =< [ S w g’; a 1 dy a % =
TAVINMIAATY FINZT AUIUMIUS InAoMImaltiunn 9 A159zs InadanzdlulSanuga
JasevanedsemsndilnsremelasuiSuna daned Tudisans 1aun
[ d‘ ] 9 ] d‘d [ =) z': d‘d 1
1. mssudszmuenns 7 higndes iu o1siUSnm dangd d1 omnshiiug
a 4 4
519n09a3 (copper) MnAuld wan Tvhwes lwima (phytates) oanesos (alcohol) Womua
Y
(phosphate) s 1zansmanileg laamsqadn danzd rumisa ldvosnstla
A 2 . a A = o =
2. 91NNV (aging) YszANTAMMIATY danzd anas
A H 4 Y o = I a
3. N luTzoLAInTIA (pregnant) Ao danzd wnitluiiery

@ < o a g 3 Y o 2 Y
4, m'i'iuﬂ'izmummﬂﬂummmﬂunmmu Vl'lslﬁsll']ﬂ‘ﬁ']iﬂ aned Ul@
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5. Sutsemuervuilaa1gngy Thiazide s ldnisdudangdoonlundown

Y
Jaaizuniudqe

9 ' dy ' . . =< [ =)

6. 1H19iu¥oNqU tetracycline 112 Quinolone Tag lilanmsgaduvesdanzdlu

MUAUDINIT
1 ~ 9 1 [ A g a 1 a g g [ .
7. Az 13AA19 ) NABINMIUTHIN FINST W UNAY 19U N13AAFDITD (chronic
2
a [ a v W o <3
infections) WHYT 13954 (alcoholism) WIVUIDNLEU (psoriasis) 1LY (cirrhosis)
@ A o Y =2 o = 1 3 3 = ' ..

8. Tsmiugnssu M limagady denzd 1ua wulwan@n 5end1 Acrodermatitis

Enteropathica (15aA 18 ey uazdadnaniaaly)

Y o v Awua
9. Qﬂiﬂﬂi$ﬂ1u@1‘ﬂ1iﬂx‘lﬁ'}i@

=

2.1.2 MsdssiuszauFIng

[ [

a = o P2l 9 =Y o A ' v W =
ﬂ1iﬂi$mu‘i$ﬂﬂﬂlflﬁ’d\1ﬂ%’(ff‘ﬂflﬂﬂ?Ju"lleﬂﬂ Mﬂaﬁlﬂfﬂi}ﬂ‘ﬂ’ﬁ\iNﬁ@]ﬂigﬂ‘uﬁ\?ﬂ$ﬁ1u

Y
A =~

[ H 9
waaw irunsaayerzinar lvszaunarau luwasaaadias msnnamilegniiaie
1 ¥ o o Y o = ' A 49! £ o Y v oo =
sgrInmMsanmiinazmvdinsaeglunszuaaeauinyu v Iviszaudensalunssue
A 49! < A v o = I A .
@BAZITY MINUADANTINTLAVTINETAITATINT U WAZAITOADIMITANN IZINCG
Yo o awv K v o = J 1
uaz WHO larmua 13 lumshmsisefnuszaudang@lunaranivealszansngulug)
[ = > 9/:%! Y Ao A 1
danz@lunaauulasunlasdldvuadldgmmeisnsulszmu ilosninmsumsnszatoves
[ = ' é! [ = 1 . . v = =2
dangdlusramerunuTiUsauda 9 uaznucleic acid danz@lunarauszuaaidinnuauga
[ = a J [ [ [
Y0932 UUMIgATUAIN A lumaduesuazmsd-sonaasvesdanz ¥ szAuvesdanz d
2R 1a9naINue1MIs Taena llvgdaszandans dlunarauuiedsziiunisuiauisg
o = 1 v o = dy m 9 dyd o = [ J A dyd
danz @ uaszavdanzdlunarani i lduadedaing@luszaumad omsuaasnia®nenms
[ = =\ [ [ = Y a oA a o g’/ a (% d' d'
Nadanzaelszaudingalunansranaieslfiamsing daiundswarsaniededean
[ Y 1 [ = 1 Yo (=1 a ,i} o
i Temaviaussigdanzd Grnelasulsuamsonns luiisawe Wugsusess Tin

a & J

Yoa3zUDgATuTuMAURUe IS frHgennssanseliunyas 19a35) nazensuaadive
a = Y o =2
WosanIms ndansanauny
[ = A Yy ] < 1 A A ~
pavesdanzdlunarauiervnaianaonlasiedlunziiuienselinnunsen
(acute stress) IFUNAIVINIAA Myocardial infraction A1v0IdInz Fo19ganinina ldms gy
msdunuTlsau deng@luwarau1vzduny Albumin M50 1952AY albumin lwden
{ o v o { 1 . . g J o
nlagu llsgvhIdszaudangmulaenliUae 5un15 14 corticostseroids 8191 1AZAIATTAIL I

Tidanz asinaq (Lord & Brally, 2008)
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MmN 2.1 szaudans@diigalunaiauni WHO, UNICEF, IAEA, 18 IZINCG Mviua

na PBmnadanzacmganiinvive (ug/)
% a Y
ArdQ A
191 9ADINT* 700 740
11 li'ldean11ing 660 700
118 li'ldoan11ig 590 610

. : : -
HHELTN. *ﬂTVi‘L!@’I@ﬂﬁ]ﬂ’ﬂilmmﬂ%@ﬁﬁh@&ﬂﬁu@El 8 ¥U.

210 Brown, K. H., Rivera, J. A., Bhutta, Z., Gibson, R. S., King, J. C., Lonnerdal, B., Ruel, M.
T.,Sandtrom, B. Wasantwisut, E. & Hotz, C. (2004). International zinc nutrition

consultative group (IZiNCG). Food and Nutrition Bulletin, 25(1 Suppl 2), S99-S203.

2.1.3 Ufp3enszrng denzanuunaiiia
A A D) o & o @ P
Naﬂlﬂﬁllﬂﬂluﬂuﬂ@ﬂgﬂﬂqﬂﬂﬂENﬂWi‘i/H\‘ﬂu"ll’fJQiZ‘]J‘]JL@u]lG]ﬁJﬁ%‘i €] UBILFAa GINL“]JL!
~ = 9 T o ‘S 1 o v
wammﬂm‘immmufm1,6111"11Jum%mmuﬁuiﬁmiuﬁmw @avannae zn, Cu’, Ca  lu
A S 9 =\ Y (XY Y] = o 1 dy
metalloenzymes (ﬂﬁ)!”é)uvlclfll‘ﬂiﬂ3\‘1?[31\111ﬂ1i%‘]Ji5]’JfJ§Jlﬂ‘UTa°ﬁ$1’iuﬂ WQIQW%WHﬂLWﬂWH@W%
o 4 ' o d A I @ . A - = @ 1%
m!,ﬂu@re)ﬂﬁﬂnmmeqwu”l% mmﬂum Catalysis 1159 Stabilize Tﬂmu) HasgdgIuIT09l
o 4
A1 SH (Sulphydryl) group Vo 11/5au 1o 193 11z nucleic acid (Jacobson & Turner,1980; Stohs &
. a ) o Aaan 1Y) [ <3
Baghi, 1995) Namﬂﬁllﬂﬂlﬁﬂﬂlﬂﬂﬁﬂﬂﬂ']iilu%']ﬂaﬂﬁfJ']ﬂiJL!,ﬂm‘?ffJiJ ﬁmz’ﬁ NONLEN AN Uae
I (Waalkes, Rehm, Perantoni & Coogan, 1992; Beyersmann, 1994; Grosicki & Domanska,
9 9 9
1997; Brzoska & Moniuszko-Jakoniuk, 2001; Rigau-Perez et al., 1998) lavaevuaounTUaeU
4
fﬂiﬂﬂﬁu (absorbtion) NTUWINTLV1Y (distribution) Llagﬂ']'iéllUﬂﬂﬂﬂlﬂﬁllﬁ“ﬁ?iﬂlﬁﬁ?ﬁ ﬁ’JﬂJSQ
= . . . 1 1 dySJ
NIZUIUNTITNNBEININ (blologlcal function) VDULIDIUNATUAIY
o 1 [ [ 4
!,LﬂﬂLﬁﬂuﬁﬂﬂ’)uﬂWiﬂﬂ%Nﬂlﬂﬂﬁﬂﬂ%% ﬂ']iLL“INiﬂi$%TﬂﬂlﬂﬂﬁﬂﬂgalaﬁjTQLﬁb’ﬁﬁllag
Y ! J o & o o = = & o Y a
Iﬂi\iﬁiNﬂN 9 mﬂiuwaa uazﬂ‘ummsmﬂmmmmﬂzﬁiuaﬂwmwumu ‘Vlﬂ‘ﬁ!)ﬂﬂﬂ1i

o [l ~ 9 o a g Y . . )
VAVINNISUIUNITAN ) ‘Vlﬁl“lf danga \Wuanan (Zinc-mediated) HIBNTTUIUNTININATY


http://ukpmc.ac.uk/search/;jsessionid=D4ADD80C79F75599EC5802902E505D20?page=1&query=AUTH:%22Brown+KH%22+SORT_DATE:y
http://ukpmc.ac.uk/search/;jsessionid=D4ADD80C79F75599EC5802902E505D20?page=1&query=AUTH:%22Rivera+JA%22+SORT_DATE:y
http://ukpmc.ac.uk/search/;jsessionid=D4ADD80C79F75599EC5802902E505D20?page=1&query=AUTH:%22Bhutta+Z%22+SORT_DATE:y
http://ukpmc.ac.uk/search/;jsessionid=D4ADD80C79F75599EC5802902E505D20?page=1&query=AUTH:%22Gibson+RS%22+SORT_DATE:y
http://ukpmc.ac.uk/search/;jsessionid=D4ADD80C79F75599EC5802902E505D20?page=1&query=AUTH:%22King+JC%22+SORT_DATE:y
http://ukpmc.ac.uk/search/;jsessionid=D4ADD80C79F75599EC5802902E505D20?page=1&query=AUTH:%22L%C3%B6nnerdal+B%22+SORT_DATE:y
http://ukpmc.ac.uk/search/;jsessionid=D4ADD80C79F75599EC5802902E505D20?page=1&query=AUTH:%22Ruel+MT%22+SORT_DATE:y
http://ukpmc.ac.uk/search/;jsessionid=D4ADD80C79F75599EC5802902E505D20?page=1&query=AUTH:%22Ruel+MT%22+SORT_DATE:y
http://ukpmc.ac.uk/search/;jsessionid=D4ADD80C79F75599EC5802902E505D20?page=1&query=AUTH:%22Sandtr%C3%B6m+B%22+SORT_DATE:y
http://ukpmc.ac.uk/search/;jsessionid=D4ADD80C79F75599EC5802902E505D20?page=1&query=AUTH:%22Wasantwisut+E%22+SORT_DATE:y
http://ukpmc.ac.uk/search/;jsessionid=D4ADD80C79F75599EC5802902E505D20?page=1&query=AUTH:%22Hotz+C%22+SORT_DATE:y
http://ukpmc.ac.uk/search/;jsessionid=D4ADD80C79F75599EC5802902E505D20?page=1&query=AUTH:%22International+Zinc+Nutrition+Consultative+Group+%28IZiNCG%29%22+SORT_DATE:y
http://ukpmc.ac.uk/search/;jsessionid=D4ADD80C79F75599EC5802902E505D20?page=1&query=AUTH:%22International+Zinc+Nutrition+Consultative+Group+%28IZiNCG%29%22+SORT_DATE:y
http://ukpmc.ac.uk/search/;jsessionid=D4ADD80C79F75599EC5802902E505D20?page=1&query=JOURNAL:%22Food+Nutr+Bull%22+SORT_DATE:y
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Waalkes%20MP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Waalkes%20MP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Perantoni%20AO%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Coogan%20TP%22%5BAuthor%5D
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v v Y
N1¥§aned (Zn-dependent metabolic process) HenszUIUMIHa1Hs 1w 1BeanszuIumsae

A15WUFNT50 DNA, RNA tag 11/5AUA2 (Brzoska & Moniuszko-Jakoniuk, 2001)

Steady State _
buﬂ:’ering; @ + Zn mI ine __,
Non-Steady State @

muffling: ::‘ o

h

L

MNUAN 2.2 MIIUAUVDY methallothionine NUFINE A

2.1.4 91MSNATINZA

a a

< { @ (Y
2.14.1 Lﬂﬂﬁﬂﬂﬂﬁ\?ﬂgaﬂ&%ii‘gjmﬂiﬁ‘fﬁ UATSUNITU ﬁiJhol‘JJWS?’JJHW

2.1.42 szuumuaue s eems lijsamavesems

[ U

a < 1 1
2.1.43 szuugiguiuseuue wuilode
2.1.44 ANUAAUNAN AN IMHAMIEF THLII
] = o Y A o (Y Y=
2.1.45 nsvadangdlumanorldsyuuduiug hivaur anudannams

aAad (impotance)

2.1.5 UHAURININZT

(4 =

o w1 R R 9 A o ¢ Y% o & 9
d1nsy iNﬂWfJﬁJ'Lél‘HfJLLa'JthﬁWN1iﬂﬁiN‘Vii@ﬁ\Hﬂi1$‘Vi aNnga llﬂsllu!,@\‘i DRIATERR

v
aaAa

a A Yo [ 1 = 1 [ = 9y 1
‘]_l315‘!ﬂ@TWTiLW@ifmﬂiUﬁTﬁﬂﬂﬂﬁW'} FUHAIDIMTANNUTITUANULT e daned an Ulﬂllﬂ

v

@ I 1 @ { 1 '
2da7 AU 01M1INia lasn iz voeu1esy 1Wuuvas densa N LWi"Igﬂﬂ“?ﬁJQ"lﬂﬂ’J'IW'Jﬂ

he

Y =\ av [ o z&l A ] I a = ] Y
BAN IﬂfJiJﬂ"Ii'JfﬂfJWU’J"I@"I‘H"IiED"IW’JﬂLu@LN@QﬂEJ@fJLﬂu ﬂiﬂ@glliuEﬂguﬁﬁucﬁﬁﬂﬁlﬂi"lﬂﬂ"lﬂﬂﬂ

D—Y

Y
[

Fu denz@ 1dau Taesyiviszinn 917 919 Twa 3§ dane@ ogisuaiios daurn wa'lly
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2.2 Fanlaw (selenium)

[

< ' A £Y ~ I~ = o 3 A A = 9
L‘]Juui‘ﬁ”lﬁ]‘V]iNﬂWEJG]’E]\‘lﬂﬁLWEJ\‘]Laﬂui’)fJLmllﬂ?ﬂlli]%ﬂlm”lﬂ FALUIUUUNUINTIANY

5]

' I 1 . 2 g A AaA 9 w
na189819 1JuaIulsznovvea Selenoprotein FuuTsaunianudidylunszuiunms

1 o o a . {
Antioxidation Selenoprotein %7 vinilowradinns ANNIAYINBYYADFTL  Selenoprotine i
Lkl illﬁ ® Glutathione Peroxidase, Thioredoxin Reductase, lodothyronine Deiododinase, Selenoprotein
P, SelenoProtein W
1. Glutathione Peroxidase ¥1ni1nlunismsaasisluiranielasns reducing
. 9 [ a . . . Ay J
hydrogen peroxide 4 Hosnumsina Lipid peroxidation T RS a)a)
2. Thioredoxin Reductase 1111111111013 recycle lipoic acid 11ag vitamin C AT1A UL
AUDAFN vitamin K3 1azAIUANM503 1AL Tauagn15v1911ue9 Tumor-suppressor gene PS 3
1 4 d J
3. Thioredoxin Reductase Hinanam3a3s19ges luu Insoed Ao triiodothyronine WL
~ A A ] = o Y a .
AIENVIAFAUHINDYINT ULLITIUHAN 1l¥iina Hypothyroid stress

: . o 9 d S
4. Selenoprotein P @Y SelenoProtein W N1 U1 N1unszuIUNT antioxidation

a @ a 4
(Wenns Auesed tazizasa Mouya, u.alal)

2.2.1 MIPATH

an A =2 YA o ys X o
%amaugﬂ@wu"lﬂwm‘lmaﬂ "lluﬂiJ‘]JA'iﬂJm‘!"llf]\‘lﬁﬂTWﬂﬁﬁ%ﬁWfJ"llfJx‘lﬁﬁﬂﬁ%ﬂﬂ‘U

1 QA A ] U

an A @ [ ' S A A o
FALUYY LAZDATT AIUTSHIN FAUYY LIZNINS u3Nma%m‘wmuﬂu'l’i'“lu@muazllmm
9

I 1 A A A Y d” A A A aAaa A Y
L‘]J‘L! 4-5 N1 Y09 Fargy ‘wu@ﬂsluﬂmmua Uaziuaigoay GﬂﬁJﬂiﬂﬁ FALUYY YNVVBDN

U

£

9 1 A A A @ 1T A = A 1
nadaane i;ﬂﬂﬁﬂ{]ﬂll BN ALY QﬂGIJ‘]JfJfJﬂ11WINQ%mizllﬁﬂﬂﬂlﬂﬂﬂﬁﬂﬂ“]ﬁJ“VIUthIﬂGIfN

U
=

A I 1 o w . . vy o
«vamamﬂumuﬂizﬂ’aumﬂﬂujmm glutathione peroxidase (GSH-Px) ©13¢AUUD

< '

A A o o 3o 9
SFRALUHYNUANUTAIIINITNINIUUDI GSH-PX NAIRIY

v
v A o v A

A A Yo A d o 1 Y 1 a
“]5@!,1!lelgfﬂﬂﬂuﬂ1u%1u$ﬂlﬂuﬂ3ﬂ15ﬁ1ﬂﬂJVI“]f’JEJGlUﬂﬁ‘]Jﬂ“]JEJﬁNﬂWJMﬂﬁHW‘HGlu

9

v
= a %

A 9 1% A d A A Yo
Aunadeunaznaiuyvs (Awenas guoed uazlszasd oy, v.1.1)) Weldsy
upalon1nATuYKI 9z 1%1RA Cd-induced oxidative stress taalonazid lngadnny
4 2 g EL ' A @ ' o & =® o =
ou'l] metalloenzyme Fuilurou lanilusraneinosdunssigsuiusindedenzduag
A A F) 1 Y 0 1 =\ o 9 A S A 1
Famlouudrvude 1 aadars q Tusnme vazuaadondudumui lueu leidou 9 mu
: o Loy od 4 s
Copper Zinc superoxide dismutase (CuZn SOD) #93gviminilasu 0, 1ilu H, O, wag

Selenoenzyme gluthatione peroxidase (GPx) vz lnlasu H, 0, 611?}}!,‘1(5]1‘!131 H, O (Sies, 1993)
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a

4 < o a 1 A 3 4 a
iifona ln antioxidation anasfazyhlinaeyyadasz lusnmeungsu Wodseyyaddsy
< Y Y a Y o = A A 9 . . g é’ o
wnnaznszquliifanslddansdasdaitionTun1sea319 anti-oxidant tou lasinnaiu audu

& a o = an A Y
1’iuQEJ"H]Lﬂﬂﬂ”liﬂl"lﬂﬁ\iﬂ%ﬁllﬂ%cﬁﬁmﬂllulﬂ

Catalase

Dietary selenium

/ AN Cysteine
Vitamin E \‘ GsH 655G ‘—{ ey
/ Vitamin A Glycine

(B-Carotene) GR Vitamin B,
Vitamin C L2
NADP* NADPH ~———— Vitamin B3

Pentose Pathway

210 Jones, D. & Lukaczer, D. (n.d.). Functional Medicine Fundamentals. San Francisco: n.p.
291 2.3 anti-oxidation mechanism

' '
a a9 v v o . .
HAABNIZAANITOBNYNTVOIF ALY LAZIZOONNTAUNUN LTINS (zinc antagonist)
S @ g I { o o J @ . [
Naao3d 21l cofactor N 1A voUEU l9T1A10A2 A zine dependent enzyme 15U SOD (Super
oxide dismutase) (Brzoska & Moniuszko-Jakoniuk, 2001; Uchida et al., 2001; Preston,1991) AT NI

[ @

Y A J £ D . = aw 1 J 1 an A Y
EAYRNTIST VT GATRVATARTTOR glutathione peroxidase NTHITINU A NUTUWUTIEHIN BaHIUN VAN

A 9 A o A A Z A A A A A 9 '
Lﬁﬂ\?i“ﬂ’liﬂ1ﬂﬂ1ﬂ ﬂaTlJlu@ﬁjﬁlﬂm']ﬂm@ﬂlwmil']ﬂsuuclu‘ﬂu‘ﬂlligﬂu"]falufJ?JGlULa@ﬂu@fJﬂ'n 45

ug/l (Salonen, Alfthan, Huttunen, Pikkarainen & Pekka, 1982)

2.2.2 msilszdiu
lunenatanstasaiionlu@en (whole blood) dzvonIzavFaTianluszazEe)

(long term status) 1dannluwaraun (Lord & Bralley, 2008)
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d‘ ' dl U A A 1
M990 2.2 Mmasvesszaunaausatonlulszmanis il

szina Mean szavuaaiionluaen (ug/)
Finland (Helsinki) 41.7
New Zealand (Dunedin ) 47.2
Brazil (Rio de Janeiro) 73.2
W.Germany (Mainz) 81.1
Sweden (Lund) 85.0
Italy (Rome) 89.8
Japan (Hiroshima) 97.6
Iran (Tehran) 100.3
Saudi Arabia 102.5
US (Mort.Gr.) 110.2
England (Southampton) 115.7
Canada (Toronto) 158.3

210 Safaralizadeh, R., Kardar, G. A., Pourpak, Z., Moin, M., Zare, A. & Teimourian, S. (2005).
Serum concentration of selenium in healthy individuals living in Tehran. Nutrition Journal,

4,32.

91NNISANYIUDI The Nutritional Prevention of Cancer (NPC) (Duffield-Lillico, 2003)
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2.3 upAEN (cadmium)

A 3 a A = o v =
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=~ [ = ~ =3 [ ~ a = a S 9 A A
Hyzauunadennnigads 3.37 luTasnsy TuvazhvesduReuazensmiidesigade 0.91
waz 0.62 Tulasnsu (Lugon-Moulin, Martin, Krauss, Ramey, & Rossi, 2006) miﬁ;ﬁju‘lﬁ 1 47U
Y

winldszauuaaionTudengadu 0.1-0.2 TuTasnsu/@ans sld seavvesaaionlubon
Y = 1 ~ ] A 1 Y [ = o v o

Aguywrsgannndiaui ldguyriedwsany nazszauuaaloyduwusiulsunauas

{ { a o a o a o
JLeTNAMIUYHI oz uaudIumIFey uazaSunIng 135502INT 1A, 2002; Nad, Skalicka &
, B Y o ¥ = ' ' = o 1A o
Korénekova, 2009) ldinisnaaesliuaaiionlulneme wudwaadiondn llaz auognauy
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M99 2.3 Major Cadmium interactions with micronutrients and other dietary components.

metal Toxicity

Cd Anemia:osteoporosis:proximal tubular
disfunction leading to hypertension,coronary

artery disease, and chronic pulmonary

diseases
Metal-nutrient Interaction and mechanism Effect of nutrient on metal toxicity
Cd-zinc Competes for GI absorbtion and metabolism Reverses Cd toxicity (i.e..decrease growth,

increase leisions and testicular necrosis)
Cd-iron Cd decrease iron absorption and metabolism Supplementatin correct anemis:increases
(Cd possibly binds with ferritin and transferin)  hematocrit and increases hemogloblin level
Cd-calcium Cd decreases intestinal calcium transport Sufficiency protects against bone deformities,
increase Cd deposit in bone tissue in a calcium  ostomalacia, osteoporosis (Itai itai disease)
deficient state

Cd- copper
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metal Toxicity
Cd-protein Cd interferes eith copper metabolism possibly Correct Cd-induced decreased plasma
by decreasing copper absorption cerruloplasmin concentrations
Low protein diet result in increased Cd uptake  Sufficiency prevent Cd-induced decreases
Selenium shifts Cd binding to higher growth, decrease M T synthesis, and increases
Cd-selecium molecular weight proteins bone deformities

MT can now bind essential nutrients

1N Peraza, M. A., Ayala-Fierro, F., Barber, D. S., Casarez, E. & Rael, L. T. (1998). Effects of

micronutrients on metal toxicity. Environ Health Perspect, 106(1), 203-216.
2.4 @131y (arsenic)

< {9y o 1 H o | ' 1o w
dhundtunasnyenunsony laluyns mainihnzmnnneainuasildlunisilgn
Y a {q 9 & a a {q o
luengu wihaunlslgnentimsuilouvesaswy vieermnannaunldlgnesliasviy
' 1 9 v @ { A 2
azdueg d1snyszgndzaveglulusiguuazuazeonuinioniuaiuy s Ngnyadu
(Mierzwa, Adelojua & Dhindsa, 1997)
o Y a 3 . a : . = & 0o v A
mimwﬂmﬂﬂ oxidative stress 1A8IAAIN Arsenic methylation yauilunalndl N
o Y a a & a @ o Y a I a @ 49! =
MIANANEITANIN (Xu et al.,, 2008) N4 lsARIMIIIZM IIAAUNa]u HINTauAY Usey
1 o < @
AT 01 TAUFVIIVULAY (Tondel et al., 1999) T3AILIMIY (Tseng et al., 2005) 15A12 19
A ! = s Y Yo
uazviaeAiAon (Huang, Ya-Li et al., 2009) 59009 15AUZ159828 (Athar, 2002) 1% 105 UA1THY
= < S 0o a . . 1 [ .
Tulsuauiisaantiosniing oxidative DNA damage 1a1%11@837% (Chung, Chi-Jung et al.,
2008) szavvesd1Tny ludeavziildinanisinveseyyadasz luseniouaz lu

v g o a 1
YauzReInunTh Ifasdueyyadasz09519M18aAIAY (Wu et al., 2001)
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M3197 2.4 HAYOIAIHYADINTULEZUTTINAN 9 TuT e

Metal

toxicity

Hyperpigmentation; keratosis ; skin cancer ;

vascular disease

Metal-nutrient

Interaction and mechanism

Effect of nutrient on metal taoxicity

As-selenium

As-cysteine

Antagonistic effects

Sulfuramino acid content affects GSH levels;

Decrease teratogenic toxicity

GSH toxicities As

As-methionine As bind thiol groups

As-Protein
As-methionine

Precursor of S-adenosyl methionine which is Important for As detoxification

As-choline used in methylation of As
As-protein
As-zinc Mechanism unknownZinc Pretreatment as sociated with increase As

elimination

As-vitamin E Antioxidant scavenger oxygen radicals formed

As-vitamin A during As metabolism Decreases damage to macromolecules and

decreases chance of developing lung cancer
As-garlic extracts

As binds to sulfur moieties of garlic Leads to alternative As binding and

compounds decreases chromosomal aberrations

21N Peraza, M. A., Ayala-Fierro, F., Barber, D. S., Casarez, E. & Rael, L. T. (1998). Effects of

micronutrients on metal toxicity. Environ Health Perspect, 106(1), 203-216.

2.5 agn? (lead)

uﬁdLﬂmmdqﬁﬁﬂﬂmuﬂmﬁﬂmmzmﬁ’a (Malgorzata, Malgorzata & Janina, 2008;
Lugon-Moulin, Martin, Krauss, Ramey & Rossi, 2006; Bernhard, Rossmann & Wick, 2005;
Massadeh, Alali & Jaradat, 2005) azS o1t 1¥1Ra oxidative stress lanatosoana (1) ¥4
17# lipid oxidation uuﬁaﬁm%aﬁ () 1A@ lipid oxidation AUAGIHAABALAY 111 1HIRA superoxide
radical Tuiiaideanas 1A hemolysis A ldsuiivanazirsaiulaiian 3) dudams
MaveeuAeenFuauey la Glutathione peroxidase (GPx) Catalase (CAT) Superoxide

dismutase (SOD) (Ercal, Gurer-Orhan & Aykin-Burns, 2001)
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MI9N 2.5 WAVOIRZNINUINTUIAZUTTIANAN ) TUT 1M

Metal

Toxiciy

Pb

Impairment of cognitive function(especially
in children):CNS symptoms include
irritability, confusion ,lethargy, coma and

convulsions; hematopoietic depression

Metal-nutrient

Interaction and mechanism

toxicity

Pb-calcium

Pb-phosphorous

Pb-vitamin D

Pb-iron

Pb-total fat intake

Pb-total food intake

Pb-frequency of

intake

Pb-zinc

Pb-selenium

Competes for binding sites on
intestinal mucosal proteins
Mechanism unclear.Phosphorus may

interfere with Pb uptake by bone

Vitamin D increases intestinal
absorption of calcium, phosphate, and
Pb via induction of intestinal binding
proteins

Competes for iron transport systems
(i.e.,ferritin) of the intestinal

Improve complex mechanism that are

not clear

Competes for GI uptake perhaps on
the same MT-like transport protein

Selenium activate Pb inhibit -ALAD

Sufficiency decreases GI absoption of Pb and
decreases concentration of PB in critical
organs

Sufficiency decreases bone retention of Pb;
incombination with calcium sufficiency, can
have an addictive inhibitory effect on Pb
absorbtion and retention

Enhances Pb absorotion and deposition in

kidney and bone, promoting Pb toxicity

Supplementaion may decrease Pb absorption
and toxicity(hematopoiesis,depression.) does
not affect redistribution of Pb to nonbone
tissues

Greater intake and frequency of meals are
associated with decreased Pb GI absorption,
leading to decreased Pb toxicity
Supplementaion may decrease Pb GI
absorption ,decrease Pb tissue accumulation
and thus decreases Pb toxicitiey

Useful as an adjunct in chelation treatment of

Pb toxicity

N Peraza, M. A., Ayala-Fierro, F., Barber, D. S., Casarez, E. & Rael, L. T. (1998). Effects of

micronutrients on metal toxicity. Environ Health Perspect, 106(1), 203-216.
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Demographic data Smoke (n = 38) Non-smoke (n = 35) p-valuea

Mean + SD age, (year) 374+7.6 37.0+8.1 0.818
Gender 0.411

Male, n (%) 34 (89.5%) 29 (82.9%)

Female, n (%) 4 (10.5%) 6 (17.1%)
Lab data
Mean + SD Zinc in blood, (ug/L) 704.9 +241.6 920.2 +142.9 <0.001°
Mean + SD Selenium in blood, (ug/L) 119.1 £ 15.1 1314+ 16.4 0.001°

HHYLTIA. a = Unpaired t-test or Chi-square test, b = Significance at p-value < 0.05
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Sex Age Zn(pg/L) Se(ng/L)
male 46 864.26 113.78
male 52 317.22 156.47
male 27 964.53 123.06
female 29 1017.31 122.18
male 31 756.82 122.39
female 29 933.88 126.91
male 35 978.23 179.10
male 30 1023.72 159.30
male 35 1182.00 129.69
male 40 1131.7 144.95
female 53 559.26 95.37
male 30 1264.98 138.93

male 26 1117.29 135.43
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M3199 4.2 (710)

Sex Age Zn(pg/L) Se(ng/L)
male 47 809.58 139.94
male 29 952.48 141.95
male 30 870.26 112.94
female 39 807.28 130.06
male 44 891.13 142.98
male 28 876.93 152.38
male 50 1072.63 130.42
male 43 720.34 141.49
male 34 853.44 120.25
male 32 900.03 121.44
male 31 825.57 112.66
female 39 1005.12 122.87
male 45 937.15 134.98
male 29 1012.63 144.57
male 32 980 127.98
male 32 897.87 134.12
Male 34 789.98 122.89
Male 37 950.54 133.54
male 50 765.78 98.56

Y Aan . =~ v A A = J ~ [
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sex age Numbers of smoke years Zn (pg/L) Se (ng/L)
male 47 >15 >10 921.14 133.97
male 50 6-10 >10 795.55 129.59
male 29 >15 >10 821.36 112.13
male 34 >15 >10 894.00 133.25
male 32 >15 >10 700.96 99.19
male 30 6-10 >10 854.17 112.69
male 37 >15 >10 995.57 116.47
male 35 1-5 >10 962.76 129.55
male 29 1-5 1-5 812.80 125.96
male 42 11-15 >10 849.71 122.36
male 30 11-15 1-5 1057.94 148.07
male 44 1-5 1-5 540.71 125.53
female 29 1-5 >10 936.89 125.47
male 50 >15 >10 465.23 102.27
male 52 >15 >10 450.66 119.86
male 45 >15 >10 454.64 102.92
male 37 >15 >10 573.10 108.39
female 31 >15 >10 438.59 108.96
female 32 >15 >10 373.03 87.94
male 40 >15 >10 512.08 113.60
male 45 >15 >10 452.72 95.79
male 27 >15 >10 509.93 114.73
male 50 >15 >10 387.94 97.90
female 43 11-15 6-10 389.57 114.57
male 34 >15 >10 812.88 102.06
male 32 1-5 >10 534.51 98.24
male 31 >15 >10 619.90 128.85
male 39 1-5 1-5 564.24 112.77
male 45 11-15 >10 430.33 114.43
male 47 6-10 >10 523.70 114.47
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M3199 4.3 (99)

sex age Numbers of smoke years Zn (pg/L) Se (ng/L)
male 35 >15 >10 878.65 155.62
male 32 11-15 6-10 742.14 133.76
male 37 >15 >10 1488.4 132.01
male 45 1-5 >10 785.43 119.60
male 33 >15 >10 993.72 129.67
male 29 11-15 6-10 737.88 116.36
male 25 1-5 >10 803.95 144.49
male 37 1-5 1-5 720.68 133.33
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Smoke < 15 Smoke Z 15 p-value#
(n=18) (n=20)
Mean + SD Zinc in blood, (png/L) 724.6 + 188.4 687.2 £284.9 0.640
Mean + SD Selenium in blood, (ng/L) 123.4+12.2 1153+ 16.7 0.099
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Smoke <10 Smoke = 10 p-value#
(n=18) (n=20)
Mean =+ SD Zinc in blood, (ng/L) 695.7 +201.6 707.4 £254.2 0.906
Mean + SD Selenium in blood, (ug/L) 126.3£11.9 117.2£15.5 0.133
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Correlations No.smoke
Spearman’s rho Zince (ug/L) Correnlation Coefficient -0.481
Sig. (2-tailed) 0.000
N 73
Selenium (ug/L) Correnlation Coefficient -0.408
Sig. (2-tailed) 0.000
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