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ABSTRACT

Residents of the Mae Sot district, Tak province in Thailand are exposed to
high levels of cadmium, a toxic metal that is concentrated in the soil and rice in this
region. We hypothesized that chronic cadmium exposure was a risk factor for
accelerated bone resorption, anemia, and renal tubular dysfunction. We assayed blood
and urinary cadmium levels in addition to biomarkers of bone metabolism, renal
tubular dysfunction, and anemia in 700 subjects with a history of elevated urinary

cadmium. We also performed in vitro studies using the human fetal osteoblast like



vi

cell line to determine if cadmium exposure impacted the mRNA expression of
osteocalcin, bone alkaline phosphatase, type I collagen (CollAl), receptor activator
for nuclear factor k B ligand (RANKL) and osteoprotegerin (OPG). Gene expression
was determined by using reverse transcription-real time polymerase chain reaction

after treatment of the cells with cadmium chloride solution.

The study subject included 261 men and 439 women. The average levels of
blood cadmium were, 6.71+1.84 pg/l in men and 4.94+2.02 pg/l in women, which is
higher than reported cadmium levels from a normal Thai population (0.45-2.11 pg/l).
Furthermore, urinary cadmium levels were 3 times higher than the safe level of 2 pg/g
creatinine (Cr), established by the World Health Organization. Farmers had higher

levels of blood and urinary cadmium than those of other occupations.

To determine if an association exists between cadmium exposure and bone
metabolism, we measured the bone resorption markers, urinary deoxypyridinoline
(DPD) and type I collagen crosslinked N-telopeptide (NTx), in subjects >50 years old
(men=156, women=256). Both DPD (5.22+1.39 nmol/mmol Cr in men; 8.30+1.44
nmol/mmol Cr in women) and NTx (43.50+1.80 nmol/mmol in men; 65.16+1.77
nmol/mmol in women) were directly associated with cadmium concentration and the
ratio of excreted calcium. The concentrations of bone resorption markers in women
were higher than the bone fracture risk cutoff values previously proposed (viz, DPD
>7.6 nmol/mmol Cr and NTx >54.3 nmol BCE/mmol Cr). Multivariate regression
analysis indicated that bone resorption was accelerated by impaired calcium
reabsorption in renal tubules, especially among subjects with high urinary cadmium

excretion >10 pg/g Cr.
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The subjects also had high levels of the renal dysfunction markers, B,—
microglobulin (B,-MG =237.14+7.43 ng/g Cr; reported normal levels =156+3.10 pg/g
Cr) but not N-acetyl-B-D-glucosaminidase (NAG =5.52+1.86 unit/g Cr; reported
normal levels =4.40+1.90 unit/g Cr) and serum cystatin C (1.09+1.36 mg/l; reported

normal level <1.4 mg/l). Urinary cadmium concentrations were directly associated

with renal markers of renal tubular dysfunction (p<0.05).

Anemia (defined as hemoglobin <13 g/dl in men and <12 g/dl in women) was
found in 162 subjects (60 men and 102 women). In anemic subjects, urinary
cadmium (7.524+2.01pg/g Cr) was significantly higher than non-anemia subjects
(6.51+1.88ug/g Cr), [p<0.05]. Concentrations of ,-MG showed a stronger relation to
an increase anemia prevalence than the NAG and cystatin C. Women with levels
>1,000 pg/g Cr were 2.77 times more likely to be anemic than women with ,-MG
levels <400 pg/g Cr (p<0.001), whereas the probability in men was 1.61 In addition,
the odds ratio of women with NAG >8 unit/g Cr and cystatin C >1.4 mg/l were also

significantly different from the other groups (p<0.05).

Expression of the mRNA of osteocalcin, CollAl and OPG genes of the hFOB
cells were detected after treatment with a CdCl, solution concentration of 7.72 uM
(LC20) but not the mRNA of bone alkaline phosphatase and RANKL genes.
However, an expression of all detected genes need more experiments to clarify the
assumption that cadmium has a direct effect to the osteoblasts which causes several
genes expression as its direct mechanism of bone toxicity. The differentiating factors
should be considered to achieve suitable condition for osteoblast gene expression

experiment.
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In conclusion, chronic cadmium exposure is associated with osteopathy and
nephropathy in the Mae Sot district, Tak province of Thailand. This association is
particularly pronounced in women. The prevalence of anemia among our study
subjects was higher than the general population, which may be a consequence of
elevated cadmium levels. Clinical interventions should be implemented in the Mae
Sot community to address this increased risk of osteopathy, nephropathy, and other

health risks associated with cadmium toxicity.



X

d‘ A a a d a a a R a
POLIDOIINUTUNUD ﬂ’ﬂllNﬂ‘]Jﬂ@]sll’é)\‘lmLm°Uf]a"]ﬁJ"ll’é)\‘lﬂ‘igﬂﬂlm$ﬂ’)1h°}2ﬂﬂlflﬂiiﬂ1aﬂﬁ

Ao o = a v
ﬁ]'l\‘lcl,uﬂigclﬂﬂiU],'ﬂEJ‘V]’ﬁiJWﬁllﬂﬂlﬂﬂﬂﬂ?ﬂﬁﬂlnﬂﬁ@ﬂ
= a -4 =
I e TnINg Uyl

7

a a I .
UUNH ANYIFNTATTINTTUNNY)

=

Sayan INFNANTAA
A (= a a ¢
aznssuMINYanuIneniinus

s a A a 2 ] o
TOIFITATIVITY AT.ITEITTNU Lﬁ’f)\‘lfamﬁﬂTiﬂ‘! E]']ﬁ]TifJ“VHJiﬂ‘H']‘Hﬂﬂ

7 '
Assoc. Prof. Dr. Muneko Nishijo 919158715 nE13 W
4 [ a A A (= 1
599PNAA510150 A3.1U5vN0 AINdaA 910130NYT 13
s o A w 4 7 A (R '
509AAN519150 A5.6713 WUUARNT D] 919156N135ny13 70
9 4 v = s (= [
Ar0MaAI19150 AT.gNTU1 HIUA 9190130NYT 13w
w ]
UNANeo

Uszansnordelusuneudasa s9riaainvedineg lasumansgnuainasdude

v Y

=\ & I A g a =1 a 9 a dy A g a
upateuyutulavenilunvuazUazayluauuazv luusnanuntllulsuiauin

E4 Y
[

a a v @ [ @ { o @ 1
TUYATIUUYDINIUD ﬂﬁﬁ@ﬂ']ﬁﬁiJNﬁllﬂﬂlﬁﬂhl!ﬂﬂﬁﬂﬁ\i!ﬂuﬂﬂﬂﬂl%ﬂﬂﬁWﬁiUﬂWilﬁQﬂTiﬁ$ﬁ1ﬂ
a 1 o a a o qa.: o ' o
VOINITAN IERIGHERER Llﬂ$‘1/l’611ﬂ1/n\ﬂul?¢ﬂﬂﬂﬂ aaiudszmns ludunoulaa 314U 700
d'd A [ =1 U 9 [ A 9 1 = d'
AU ﬂuﬂﬁ%ﬁﬁﬁi’)ﬂWU‘i%ﬂUllﬂﬂLﬁJﬂNiuﬂﬁﬁW’J%qq Vlﬂgﬂﬂﬂlﬁﬂﬂl"lﬂfJﬂWiﬁﬂ‘HWLWfJGli’J‘ﬂWW

9
Ysuauaafioulwdeauazilaaine a1tsdn1edininvesnisadanszan n1s



[ S
aza1EgnNITAn ﬂTiVITQTHNﬂﬂﬂﬁﬂJ@QW@llﬁ LlﬁzﬂT'JgIﬁﬂIaﬁﬁﬂTQ Lﬁf’)‘ﬂﬂﬁ@ﬂﬂ’ﬂ‘ﬁiﬂﬂﬂﬁﬂﬂl@ﬂ
= 1 S Y Y ) .
!Lﬂﬂluﬂﬂ@l@i%’ﬁﬁ(@@u)ﬁﬁ”lﬁﬂi$ﬂﬂ vlﬂﬂﬂﬁ@ﬂﬂWﬁlLﬁﬂﬁ@@ﬂell'ﬂ\‘] mRNA U938U osteocalcin,
bone alkaline phosphatase, type I collagen (CollAl), receptor activator for nuclear factor K B
ligand (RANKL) Lta1g osteoprotegerin (OPG) Tage1demANA reverse transcription-real time
. . @ dy J dy dy A A 4
polymerase chain reaction Wmmmwmamwaaiummau,amwwwammmmmaa"lm
UszansNiimsanulsznoudie o 261 AU LAY WS 439 AU HANISANEINL
1 A S = = [ T Aa a A
ﬂ'llﬂﬁfl!l,ﬂﬂlﬂﬂﬂiulﬁ@ﬂﬂlﬂﬁﬂig%'lﬂi%'lﬂﬂ@ 6.71+1.84 Vli\liﬂiﬂiﬂ\lﬁ@ﬁ@ﬁ UHASHNAD
[ 1 a d! = 1 1 = A Qtﬁ'd
4.94+2.02 Uluiﬂiﬂiuﬂﬂa@]i G]f\?iJﬂ"liJ']ﬂﬂ'J']ﬂ'llLﬂﬂHJﬂﬂiulaﬂﬂﬂlﬂﬂﬂﬁg‘]ﬂﬂﬁqﬂﬂﬂﬂﬂ“ﬂil
51013 (0.45-2.11 lulasniuaeans) Tuvmzhszavunadionluilaay gandiaid s
J @ @ 1 o = aa = 1 S = A
ﬂl@ﬂﬂﬂﬂﬂWﬁﬂu’lNﬂIaﬂ 2 lliJIﬂﬁﬂﬁﬂJﬁ@ﬂillﬂi!@ﬁuu) D3 3 1M lﬂ‘HﬁiﬂiﬂJﬂHlﬂﬂlMUNiumﬂﬂ
Uy 1 1 = d’
uaxﬂﬁﬁnxqmmﬂqmwweu 9
A = v o J 1 Yo v @ A o a R 4
LW@ﬁﬂ‘]&l'lﬂ']']l]ﬁﬂwu‘ﬁﬁgﬁ'ﬂﬂﬂ']ﬁhlﬂﬁUﬁuﬂﬁl!ﬂﬂluﬂwﬂ‘ﬂluLlﬂﬂﬂaﬁﬂmﬂlﬂ\‘]ﬂﬁgﬂﬂ ulﬂ
@ v v 1 dy Y J
mammzﬂumuwmﬁazawmmﬂizﬂﬂ"lmm urinary deoxypyridinoline (DPD) ttag type I
1 = = 1 ng;
collagen crosslinked N-telopeptide (NTx) “luﬂswmsmqummw 50 U HamsANEINY NG
DPD ¥04%18 (5.22+1.39 w1 lulyaneiiad luaastoativ) taznad (8.30+1.44 ululuade
Nad luan3toAtiv) nay NTx Y9998 (43.50+1.80 U1 luTuadolad luanioatiy) uagna
1 a A = aa =\ o v Jdo o = A A dg}
(65.16+1.77 uﬂuimmuaaimmmmuu) UANUFTUNUTNUIEAUUDIULAAUNIUNINNY U
o @ d A v o v = a 1 1 dy
Llﬁ$!!ﬁﬂ\?ﬂ'ﬂuﬁllW‘Ll‘ﬁLGINll’Jﬂﬂﬂ@@ﬁ']ﬂ”liﬂl‘ﬂ@@ﬂmﬂﬁl!ﬂﬁ!"ﬁﬂﬂﬂluﬂﬁﬁTw Usuaumuarms

v E4 ]
azaeY0INTZAN lUNNgINIa cutoff 1 1FsFanudessvesmsinanszanuaniin (na12Ae

DPD 110171 7.6 U1 Tu Tuanedaa luanseaiuias NTx 110071 54.3 w111 1ua BCE Aolaa



xi

= aa a JY . . . dy Y & 1A 9
Tmﬂsmmuu) WanN13UNTIZHRNIY multivariate regression %114muammiﬂiz@;umsazmﬂ

YoanszaniesnInaNuRalndvesmsgagunauunadenlune la Tasnnizediaeelu

[

Uszmnsnliszavuaadionluilaanzuinniio lulasnsurensunieatiu
U 1 dy o a a 1 1 d’zﬁ 1 . .
Ansrmahnuralndvee lalunguilszmns AN B,-microglobulin (B,-
MG =237.14+7.43 lulasnsuaensunieatin) Imgeandanlnd  (na1fe 156+3.10
luTasnSusensunseaiin) ua N-acetyl-B-D-glucosaminidase (NAG 5.52+1.86 gﬁﬁﬁlﬂﬂgﬂ\lfﬁ
Aaa . a Aa o 1 A s Y A (% 1 a U =
10ANY) A serum cystatin C (1.09+1.36 Haansunoans) dmlnaesnumilna (na1ne
NAG 4.40+1.90 giaAonsuATIOATY 89U serum cystatin C Hoond1 1.4 Haansudoans)
1 < o = U [ Y] Jd a ' A v o w aa
a1 lsnauszavuaalenluilaanzuaasnnuduiusisiuinedaiieddaniaana

9

] 1 0 Y o a a 1 < 1 a a 1 a -4
(p<0.05) FuAILI¥MIThnuAadnavene la uaaslimiuhiinnuialnavesne lanavuy

4

1 d‘d =

lunguilszannsnanuiil
a £ o Y1 A a ° 1 [ 1 Aana

as19nu 15a lavinaesanivua laglsadlulnatiudini 13 nSunomaans lue

Haz@INI 12 NIAIATAAS Tunga Ul se1ngsIuIu 162 AU (318 60 Lazne 102) YT

= % d'd =) [ 1 [ =S ana =

uaaionluilaaizvelszansniilsalaiaaa (7.52+2.01 lulasnsuneniunseatiy) I

amganifsmanaadonluilagnzuelszansiliilsnlarian (6.51+1.88 lulainiy

o w a

1 o an 1 A o a v o Jdo
ABNIUATIEANY) B 19TTedIAYNINEDA (p<0.05) ANMITNTIUVDY B,-MG TnNuduRUTHY

13

[

ANUENVDI13A 1At A9WINNT NAG 118 cystatin C AIUNANNNIZAY B,-MG U1NNT11,000

2
[ @ A aa ~ a ' . = ' a Aa
luTasnSuseniunseatiu iiTomanuTsnlatiaag 2.77 1M1 (odd ratio) FINIANNHANNT]

Y 9 1 [ ] 1Y = ana d' d'd 1Y
5¥AU B,-MG 1loon11 400 luTasnSudeniuaseatiu (p<0.001) TuvaizNeniiseay p,-MG

Y
110071 1,000 TuTasnsuaensuasoniiu i lemanulsalarianaiied 1.61 11 UanINTim



Xii

[

odd ratio YBIMANNNILAY NAG 11ANI 8 YUAABNTUATIOANY LAz cystatin C MIANI 1.4

'
a0 A o v =

NaaNTNABAAT UANUUANANDENNTETIAYAVNGUIU (p<0.05)

o

MIUAAIDDAYDY mRNA YDI8U osteocalcin, CollAl tiag OPG Wuluiwad hFOB 0

sa

2 g a ~ s v v s 2
!WTglaﬂﬂiu@Tﬂ"IiLﬁﬂﬂ!“ﬁaaﬂuuﬂﬂluﬂuﬂaﬂqﬁﬂﬂ')”Illl"llllsllu 7.72 lllliﬂiilla”IZT "]Nlﬂu‘ﬂ'flll

Y J

Wutuni Isadamedeeas 20 ua lINUMILAAIOONVBIOY bone alkaline phosphatase LAz
1 < ~ av S o ' 9y =
RANKL 9819 l5naumamsudaioonyosgunnauiteassids liansaldagiaemalnms
= =\ 1 4 Y A 4 [l dy /A Y
pONYNT Invasivouaalionasiraanszgn 1a tosdllszneuralsedislumsfeusaanaos
o ! o o I
Y5uld ldan iz audmSumsAnyimsuanseonvosduroasad(@ou)ad19nizgn
= :/l dy Pl v v @ = d’l v A v o Jdo a
msanpnssiagllanmsdudanuuaaonnuisesdianuduiusiunesanin
YoIn3zgn Haznesan muene la lutlszrinsduneuiaon Taniaain Uszimalne
Tagnnzoe WoUNANN ANugnUedlsalananelunquilszmnsAnyinninlszanng
qé o 1 = =\ 9 1 d? [ c?/j =1 a
Unageernirllgmsgeaduuaalionnnemisidngs umenniu auiualsinsana ez

o 1 dy [} ya A = a
l,é:h‘ig’qullﬂ1W6UEN‘]J‘i$“]ﬂﬂ‘iﬂaq3Juf]EJNGl,ﬂﬁﬂ)’ﬂl‘W’f]ﬁﬂﬂ’)HJl,’t,’fEJ\iGI,LlﬂTiLﬂﬂTiﬂhlmmZﬂ‘i%@lﬂ

ARDAIUMTINA 15AABTLUVDU 9 1u319n8



ad08n8ur19nvaduiBuolny
Copyright© by Chiang Mai University
All rights reserved



