gk 91 8h8] 2] A|167 A|35(20061 9€)
JKorean Soc Occup Environ Hyg 2006;16(2):245-253

oA el 3. <] ¥F Homocysteine, Folate2t
Vitamin Bi2 FX9l| v]x]+= J3F
A7) AR - akelA - A - A - AR A
ARl B A eb e 7l
e Al e 516kt

Effects of Occupational Chromium Exposure on Plasma Homocysteine,
Folate and Vitamin B12 Concentration

Ki-Woong Kimt" - Kyoo Sang Kim -

Injeong Park® - Seong-Kyu Kang -

Sung-Soo Oh* - Hyo Seok Jeong? - Sung Keun Chang?

!Occupational Safety and Health

Research Institute, KOSHA

2Dept. of Chemistry, Collage of Natural Science, Soonchunhyang University

We evaluated the relations among exposure and urinary
levels of Cr, folate, vitamin B2 and Hey levels in the workers
chronically exposure to Cr. Subjects were 104 mae employess,
65 workersexposad to Cr in 9 dectroplating plantsand 39 office
workers who had never been occupationally exposed to
hezardous substances induding Cr. The geometric mean(GM)
of Crinworkplace was 0.069=-0.101 mg/n and urinary Cr was
0.4830.394 mglg cregtinine and arborne Cr concentration
was significantly correlated to the urinary concentration of
Cr(r=0.900, p=0.000). The geometric mean concentration of
urinary Cr in control group was 0.301+0.255 mg/g cregtinine.
In comparing the workers exposed to Cr with controls,
sgnificantly higher meen plasmalevelswere found of Hey(11.3
+£49vs 94147 ymal/ (., p=0.05), but vitamin Ba2 levels
(181.8+ 68.7 vs 216.0* 64.3 nmol/ { , p=0.01) was
Sgnificantly decreased. Hey concentrations correlated positively
with arborne Cr concentrationg(r=0.287, p=0.004) and urinary
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Cr concentrationg(r=0.244, p=0.015) but folate concentrations
correlated negatively with airborne(r=-0.234, p=0.020) and
urinary Cr concentrationg(r=-0.640, p=0.090), respectively. No
correlations were observed between vitamin Bz, arborne and
urinary Cr concentrations. Also, Hey concentrations corrdated
positively with vitamin B1(r=0.295, p=0.0020 and negdiively
with folate concentrations(r=-0.196, p=0.046). The various
biologica(i.e. age and serum indiicates) or lifedtyle factorg(i.e.
medication, smoking, dcohol and coffeeintake), dso teken into
account as potential confounders, did not influence the
correaionsfound.

Thus, this sudy found evidence that Cr might be associated
with elevated plasma levels of Hey. Furthermore, eevated
plasma levels of Hey were Sgnificantly assodiated with folete
and vitamin Ba2 concentration.
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Homocysteine(Hey) -2 methionine(Met) &) tA} 71| 24
Heet 718 vre A 2] FAIRE AT A 2] 4, A
sh A=A (LDL) o] EAJ 3t Fxlo] o)gk FHud
O] &=/, aachidonicadd®] tjAl o], F A &5 Bl ol &
120 st Tk WA sk Aol Qlo] AAIE
(Wal -, 1980; Harker 2} Harlan, 1983; Heinecke 5, 1984), Hoy
o] FEs7he WhesHAst Hdg de Y s ss 5
& Yo7 AR vt (Clake &, 191 144 5,
1998). Hoyell th gt -2 A7 K3 = | A Hoy 2] aulfur?] 4
RS- (transsulfuration) 7} remethylaion 74 £ 5 714 v & 7
U Meto & ThA] A ETh= 713 0] g5t

Sulfur7] 9] AgukS- 2= Heyo) vitamin Bs(Bs) 2]
cysathione beta synthase(cystathione——synthase) 2-g-¢ 2] 3]
A cysathionineo] /4% TS, cystaine 2 M H 5 254
O % alfaes} HOZ uj ¥t HHH, remethylation 73 2+
folates} vitamin Bi2(B12) & R % Q1A% &}o] betaine—
homocysteine methyitrandferasee]] €] 3l 4] 5—methyltetrahydrofolate
(5-MTHF) 7} tetrahydrofolate (THP) & ¥ 815 = 314 of| 4] A4
A== skl methyl7] 7} donor=. 2H-8-314 Hoyol Meto =
A2 gk (Sdhube} Miller, 1992). Wb cystathione—3—
yynthase®] 2 232 plasmaHoy 9} Met?] 5522 57117
A} plasma cyseine?] %5 7FAA71A] H 7 (Mudd 5,
1989), Hoyol Met= A =] += remethylation }7g ol THod3)
+ methyltetrahydrofolate reductase (MTHR) ] +%1%] o]

Tetrahydrofolate

(Kang 5, 1991) ¢} folates} Bs9} 72 W %Q17}e] FX&
(Sdhub®} Miller, 1992) o 2] 3 A & plasmaHey £} Metd] &5
7} 2fo] & Helth B3k Hoy 2l 55+ MetE Hoy = -3 A1 7]
+ S—adenosylhomocysteine hydrolase(SAHHase) &} Hey =
cydathionine® 2 #3l|A17]= cystathione—p—synthase®] &4J
Lol SEHT o] a4 AL e FE 4 A
ol oalA] vepdtt o] 5 840 A Hydl $5E 5
7HAA AR 3}2E0] homocystines HIAA7IAl & AL
(homocydtinuria) o]e{st 32 Bes A A|3to] Ehatol| A
Tere Tl Sl opy et 2hale (Masonst Chol, 2005,
Sakuta®} Suzuki, 2005) 7 &< (Van Wersch 5, 2002), &5
I (Herrmann} Geisdl, 2002), o] &4 tiAla Ao GA T
(Pesca 5, 2006), gA17¢l AE| A (Soney, 1999) 2 A
(Obeid$} Herrmann, 2006) o] thekA] &= Hey, folate 2 B2 &
T Aol & Belt) Heydl 5 SlollA] 53t 917} o] 9]¢
T A FAakskA A e} 2 E9 4k (reactive oxygen
species, ROSs) ¢] 5o F&Fe Wethy BauEglom
(Huang 5, 2001), ROSs &%=+ 51 (Rahmany} MacNes,
19%; Bazet 7, 1999), 3}et=d 4 8-S X33 55
(Xie9} Zhuang, 2001; Balamurugan -5, 2002; Desoize, 2003;
Wang 5, 2004; Goulart 5, 2005; Valko -, 2006) 7} U7 ¢t 2
do] ol o Huwa gtk 787] wjite] 2539 =
%2 Heydl skl 9% = 7o) Avha dds| A4,
A A3} FE ¥ Hoy, folae 2 Brz 5ol thet 21314]Ql A

= o] Fo|A]A] ka1 gk

o]9} Fo] TEH A FEol oM A SIS
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Fig. 1. The metabolism of methionine and homocysteine.
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HA7171 % SHAIE AF ) 250 AR} e F
Q3% 9t} opw] ko] A FH ol Fof gttt Moreno &
(2005)-2 Chinese cabbage®] #3743} 3} ofw| Ak (sulfur amino
add) 9] el TEE] IS AFe AoA A5 F
T Z7}el] wle} methionine isdleuding, leudine 2 lysine 5-2] =
T S7HE S o smined] s ERlsE HolA] eRotthal B
BTAS A=

mtebA] ol Aol M E 272 F % 57F7F methionined]
BE2 Z7MA7)E vhE ) Heyo] 3413 diate] Tojats
SAHHases} cydathione—f—gynthese?] A EE= GA2 07
DA% Bedo] 7] o] AF »E3} Met2] remethylation
of A1 FHE Ttk 18R A8 wEo] 9ty
ROSs?| A/do] 571 Ak 71 sl plasmaHcy, folate 2!
Brf] ¥5E& S5t 272 wEo] 0|52 EEg) ofu gt
o] QA5 Lol 11z} s19iTt

. ATy B 9y

wET e ABEE AR W B2 340 Aelet
S 22 67 S IR Sk TS ARET
K1g0] galstol Ay tha7-& A1k el s,
S T FT43 FAFHE A =38 Sol g
A2 B A1 AR AR 22852 b
stol, ol F T AT RII0] W5 Y 2
274 09E AR, o] AT hRtEe] thste] A7

= r
o
2
>~

\.

A oRE-g3bvitamin A HH 52 RAG A
2 Bajo] A ek Y Aol chet - £E Aol
ANSROM, SFAE B 28] ol £ T AR

SHlek, olol AL Bae A7} g 4 el
A AT B4 5P 5L A A ke, IS

dof Gkl

2. ¢+ &

D) $71% 389 wEEES
AEAFH 9 FAL vaa3diAdtdrnddT4
(Nationl Iniitute for Occupetiondl Sefety and Hesith, NIOSH) <]
YA AR T024(NIOH, 1994) ] ol whet 7| = A3
7] (Quiet—Flow Sampler, MSA, USA) 2 o] &ato] 21t 20+
100 9] 2.2 cellulose ester membrane (2174 37 mm, &

o

=7 08m) oJFA|o) A8t AE0] 219 cdlulose
ester membrane o174 of] ZAAF 1l E 718 & 250) o E
& ol&sto] 33T vy, BEUAE R} EA (Varian
AAS—300 flame atomic absorption spectrophotometer, Varian,
Austrlia) & 0 5191 2418},

2 2 F AFEE 4

9% A7 Chrigensen 5 (1993) of] o]k -8 wigd s}
BA59E 9 A2 01% Triton X—100 21 0 & 104] 3]
Asto] A|nh(Zeeman) BHAAA7F Ak SR AAF
AR EAEeleH, oju Hx&%s 110-450 T,
3]3h2 5= 900 C, YARsR S 2300 T

3) % homocystang folate 2 B122] 51

o FEAFE A 24 9A~10A] Ato]e] ethylene
diamine tetraecetic acid (EDTA) 7} &334 2 Soi9li= 5cc
FHE o]gato] Agsiict AFH FAe WATE = Al
&3] APA = o]Fate] 4] (2500 rpmel| 4] 2032, 4T)
sfo] -5 FElsh § 70T Wsr sioith Folaest
B AN wdAo® S on, 84 Hy+
Chedefaux 5-(1989) ¢] "ol 2]t radioenzyme 0. % 4]
sk WA, F2]¥ 872 potassum phosphate buffer (100
mmol/ £, pH 7.4) = 4ul] 3|43t T, o]% 100 wlE 3 5to]
10 mM dithioerytheitol 2} 1 mM 2—deoxycoformycin} & 3}a}o]
37CollA 1027 ¥F-g-A)7] 12, 20 mM “C adenocine?} 05 unit
©] S—adenosylhomocystein hydrolase=- %1718+ 3 37°C ol 40
E7F HESAI71A 100C ellA] 537 7 st aankeS A
AN aankso] FRE Alg+ 9482 (13000 mpm, 3
)8t S A A T, FolARE TR A
stk AT Ay EAH A 92 adenosined} S—
adenosylhomocysteines 247+ 30 ul ) paper sheets(46 < 57
cm)ol A A3 & ethanol/methanol/water/ammonium
hydroxide(65/15/20/1) 7} =1 $l+= chamber (604226 cm)
ol 16417 FoF AN A AT A% paper shedts
£ UV lanpE: o]} adenosine?} S—adenosylhomocysteine
o] e A& gl the, Rf aks 7okl A H-91& 2
A 7 mee] sintillation ZHE| o] 591 Sl 20 me videll ¥l
sheking@t th5 WHAFs A15=7] (Liouid Scintillation Anayzer,
A2100 Modd, Packard Co, Netherlands) 2 ©]g-310] 74315
=3

3. A2 EAM

wEFTI g2 TolA Hoy, folate 2 Bro] 355 #o]



o
T9-8 SPSS(verson 11.0)
gl AR 55 A

st th FATE 95 B%E S5t

. AxAat

wETY FEAFE B9H8BA Y, AFET DY
Aolla] Zglet HHE 57|13k 73135d0]%0tk o5
A F A FA9 55 st Sle ddAe 44

rﬂ;o‘i

?j‘%‘o] 353i647/1ﬂ§ L’—%‘EED} 17%%]\,941]% (p=002), I:_U-_f'—
713hE 80+32 © % w]5zalgitt.

Table 1. General characteristics of subjects

ol A T FAI 55 47 538%(21%) 9
87.2%(34%) A =& H T 2ol SFA7 B A
© 7 YeTHp=002) (Table).

EETES (718D 006910101 mg/me] FAEo] w3
¥a glglom, ol tdAtEelA 54 wF Ft U]
&) FE 55 048310.3% nglg oredtinine® E A T+ Q127
o] A (= 0900(p=0000) 0| Ith. th2TFEolA =
A 5% AT FHOHFsEE E2TEY SHA R
o} A A 22 0301+0.255 mefg aredtinine 2 =7 ¥ Q)
TH(Table2) (p=001). =Er-2] 7-F-ofl Hy?] ¥ 13+
49 pmol/ { 2 thF-9] 94E47 pmol/ L BT 2 (p=005)
HkH | folate(1.6+0.8 ng/ml vs 1.7+0.9 ng/ml, p=0.33) <}
B12(1818+68.7 nmol/ { vs2160+64.3nmol/ {, p=001) ¢] =
T tERrEn B S o (Taled), A9, &5

Exposed(n=65)

Control(n=39)

mean+ SD mean=+ SD p-value
Age(yrs) 38.9+8.33 35.316.47 0.02
Working duration(yrs) 7.3+35 8.0+3.2 0.45
BMI(kg/m) 18719 19.8+3.6 0.07
Current smokers(n) 36(55.4%) 21(53.8%) 0.34
Current drinkers(n) 32(49.3%) 34(87.2%) 0.02
Table 2. Airborne and urinary chromium concentration
Exposed(n=65) Control(n=39) i
GM + GSD GM + GSD p-value
Air chromium(mg/m?) 0.069£0.101 - -
Urine chromium(mg/g Cr’) 0.483£0.394 0.301+0.255 0.01
*mg/g Cr, mg/g Creatimine
Table 3. Plasma concentration of homocysteine, folate and vitamin Bz in subjects
Exposed(n=65 Control(n=39
naeaniso) Mean(iSD) pvalue
Homocysteine(¢zmol/ {) 11.3£4.9 9.4+47 0.05
Folate(ng/m{) 16+08 1.7+09 0.33
Vitamin Biz(nmol/ ¢ ) 181.8+68.7 216.0+64.3 0.01
Total Cholesterol(mg/d() 170.1+31.9 191.7+385 0.02
Triglyceride(mg/dt) 146.0+68.7 165.6+92.8 0.32

Table 4. Results of multiple regression analysis for homocysteine by age, smoke and drink as dependent

variables
Variables B coefficient SE 8 t p-values R R?
(Constant) 8.482 2.521 3.365 0.001 0.472 0.223
Group(exposed vs control) 2.089 0.992 0.214 2.106 0.038
age -0.009 0061 -0015 -0.151 0.880
Smoke -0.001 0055  -0.002 -0.019 0.985
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Fig. 2. Correlation between plasma homocysteine
concentration and chomium concentration in air

(r=0.287, p=0.004).
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Fig. 4. Correlation between folate concentration and
chromium concentration in air(r=-0.234, p=0.020).
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Fig. 6. Correlation between plasma homocysteine

concentration and folate concentration

(r=-0.196, p=0.046).
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Fig. 5. Correlation between folate concentration and
urinary chromium concentration(r=-0.64, p=0.09).
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x =
TA &= AR eyt (Table 4. 85 ZdAHE
(p=002) 3} A AW (p=032) 9] FEE EETolA B

3 A3} Hy 558 375 22 (r=0287,p=0004) 7} =%
AEE % (r=0244, p=0015) &} &) AAAAE ¥ 3l (Fg. 2
9} 3) Wb fdlae: ¥7]) 5 = (r=-0234, p=0020) 7} =
F AEEE0=-064, p=009) TN &9 ARHAS
Btk (Fg. 49} 5). T3 foae 55 Hoy 559 59
242 (r=—0.196, p=0.046) =, Bro}= ko] A3
(r=0.295,p=0002) & H.3{t}(Fg. 67} 7).

V. %

AE2 5 77144 9 AHadds) Soll & 5= A
A1 QlojA g e FE5EH AeA, ol EEAR
2] A A 4 71 AsHA] A x ol Y] AREE L )
Z(IPCS 1983) *ZA=0] AYAo® dAgel =59 T
= Q52 geksith 53], w52 20049 = Ak Al €3
A BIA (e, 2005) A vkl e AR
2 29487, FAF LEAF 4= 27,7389 0] 2kl &R =), o]
& A EaslEel FAkhe 2EAREC] Auel kE2E
7Fe/do] 71eke] QERT A= s tifsks Aolet A
ZFEt), = E5-(2000) o] 20000 LEAF AR A A}
B Aol o8k A Fud 507 didAt 100436
4 5 281%¢] g8z 281921 0] A5 S0
249131, 2001 ol = 219% (55, 2003), 2002 T ol =
17.7% (=53 2004), 12|11 2003 E o)== 86,861 =
17,3984 20%) ©| A& ST Y 2EAGN T (s
. 2004).

}’IQ
o 30 [0 Hr L

A
1988), H9+o] Huk- A9 A 0 7 & E] = LR Afol A gk
Qluth oF 168) Y& A UERsThL Ha1¥ Sl (Langard,
1990). ot T 5715 Fot] AU Y8 252 HEnt
ofet dHS mp} 71 ¢ W FF T OF o]Fsto] FAH
™ (ILO, 1998), 1= Ql&to] Aro] vhAE =1, 123t ¢l
9] sp7t Amell SJste] A4l ROSsel &gk Zlolzt
B %3 QJek(Shi 5, 1993; Bosgelmez$l Guvendik, 2004;
Sdbior -, 2006). o] A7+ A TARS] A, AR A
gl Fo% Fof st B2 ofH5 0% Qlste] ROSs9}

del B0 AFE A 5 AlgdS 7 3 QU
T A EA AFe vie} o] B2 AFAEE AFS
E3ste] 459 wFo] ROSsY AAS FT7HA7) AL,
ROSs?| &5+ Hoy &&= Hste} #HadAdo] Aal Byl
At} (Huang 5+, 2001).

whhA o A 7|2 AFE ZAR 31 AE =
Z° °J3te ROSs?| Aol S7HE Aek= 7MY stell 2%
%7} plasmaHoy, folate 2 B2] F5=}0] A& Baat
it w275 006910101 mgte] F2o] w251 Q)
on o5 gAY wF AF FEt 048310.394 nglg
oredinineo] 1 1, thE12 =% A& 55+ 030110255 mg
lg cregtinine®. = 7 7ke] 23 Afo] 5 K.t} (table
2 (p=001). o]¥e] =4 ¥ AF TFARIA Yol 715 aF
T HEF 519D vsS 5 (1993) 0] H.a1sk 0.036
00537} 00430048 mgin? 5= WL} =4 SHHACE =
St 233 (19%) 2 S2u7 o4 003510053 mg/nre] A=
o &5 ARSI 9F FEETEE 005610025 mg
[g credtining, T 2ol 4+= 0.0350.018 mg/g credtinine®. = =
ATy Buskglh 37] F =254 5 =Fo
2 e =254 grkked i A &
A AL, T4 9 AAE)AE A 5ol we B
Aol & Hol=t], o] Aol Yehd Ao o]est 22l
S F Qlsto] Yehd At A7t a3 vty vzl 9l
o] 4] plasmaHoy 2] 5= 11.3+4.99} 94147 ymol/ { , B
1818+6877} 2160+64.3nmol/ { 18] 1 folde 5= 16+
087} 1709 ngm 0 2 SA ¥ o F 77+ Hoy$l B
o] FERtE ot Ato] & HeltH(Table3). Folaes}t Bro] &
TEET olE BA9 AF = vl wet B2 AjolE
Ho|H o]5 £4 9] AL Hoy?] thrtel Met© 5.9 A|EHA
A of| ks 2|5t Hy ] 555 57 7]+d 588t
olshg S ok 3 Hoy S5 W3hs A 20| = obE
54 5 55 A9 59 el (Miner 5, 1997; Calsen &,
2006) ¥5F oFLE} Hey ] tiAkel A1 gl tolshs &
29 FAAGEAYE BEAo] vty HuEgd
(Gellekink 5, 2004). 53], &5-&2] 3t} 4 #+= Hoy o] 5%
S 771 €91 9 stuE R gloh(Wilhdm
2006). WbA T 77+ Hoy, folae 2 Bo] 55 zfole] &
g, 57 9 FAo oist TS getelr] §lste] thAzRE
ARG AN B A} 05 EgbHS7E 5 771 Hoy, folate
4 Bpo] F& Apolof S wX|A] o= A O0F ek
(Tabled). 12]st o]fi= ol F-uidAtel s dE2AL A3}
S AR sfo] AR o olth AT (3891833
A7tz (363 1647A) Bt FASH % fofsiA B
Srot aol o] At AojA Hoyel sewstel s +
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A oke Ao 7 weke) sk Wilhdm 5 (2006) 2 &3S
o] F97} Hyel w55 S7H7ItkaL 88, tzate
A SFAE Eekgol T Eekal Hyd w5t 71 A
& o], FEHUAHET ALY TR SUHE A%
70l ot o] SUNSS AAFsk= Alolgt Azt 1
9Joll F F#7+e] 2o AHAAE, AAAS 18 a P 4
g 5 GEFE7E G vl = QlojA] ol digk wert
QAoof B}, B Aol -y} 2 to] ABALA] I} ALY
Zogh= 2o 7} QIA|RE Lpo] 7} 30U = W] F] F volH
ZBAA 3 77373 ol QlojA] kel 7t glo] dxkAlQl o
el glof zfol 7t §l& Ao =2 sty

ool Ao A Yehd AlE Bdl, wEatof A Hey7t
MeZ A= A2l #oehs fdaes} Brol w5 7
2% Wb, Hoy 9] &= 571 30eh

2 AT tE2TE Fws] R Xksled ol
MelA o7} A = 27} oltk Big 1, 12 14
Qe B AP E 115 A HA] Eshein) 18
Z3 A7 Qlo} 7] 85 Yo ® 31, o] &
07 A 2E77e] v)seeh YA 2241 39S o
o] AAR3iet.

o] 2 A= AFe] o] 7HA] Al 0 & Qlste] 7]
Lo Wk AFAYE AR JMIS AL, FEdd A
T2 T35t 92 A7) wjte] ZFo] Hey, folae 2
Br?| sxol &g vA 1 ks A& Lot oG
Fs FEA | st 7132 setabA] Zaleitt. wehA] 3
ol 272 Zo] Met= 9] Ao} thak(ulAd) of) vl
£ Y3 714 g use A JeEojoR g Al o7 A7}

k.

>
o

V. 48

B AT A5 wF7 plasmaHcy, folae 2 Be 559}

S R Eadlel] Sk A% =% 2EAE
O A5 ekl T AES Yl

e E T Ht(7)Eh) AEEE FEE 006910101 mg
o]l % A% 5EE 048310.3% ng/g credinine®. 7
o 2 (0.301+0.255 mgfg cregtining) B0} -5-2] 81| Egko
(p=001), :=E"9] 7153 % A% 5= 0.900(p=0.000)
o] A& Btk

2. wE 7ol dF Hoy(11.3£4.9vs 9.4+4.7 pmol/ (),

p=005) 9] F5-i= 7ke WhH, Bi(1818+687 vs 2160+
64.3 nmol/ £, p=0.01) ¢} folate &= (L6208 vs L709 ng/m,
p=033) = TAa5 3tk

3. Hey?l 5% 7] (r=0.287, p=0.004) &} =5 %
(r=0244, p=0015) 7} o}2] A S Bl wha, fdaed] 5
T 7% (r=-0234, p=0.020) ¥} =% (r=-0640, p=0.090) %
Fold &9 AT Btk 18U Be FEE 7EN &5
AF FEZ A S HolA] eotr

4. 8% Hoy 55+ Bedt 9F9] 234 (r=0.295, p=0.002),
folate & -9k £ A4S -=-019, p=0.046) X3t}

o] Aol A yehd Auks B, k&4l Hoyt
Me= A3 == 2ol #oleh= fdaes} Brll k= 7t
28 W Hoy Sl 55 57 Sl

o83t A4} F20] HoyZt MeE A == 34
o QS vX|1 PSS KO Ayje} ke Fof=
AFo] o5 EH2 A thatel miE FF 7S
uHs) = A7t 7lg s ofof & A1 0 7 gkt
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