mate] 14 8k s] A

A168 A35(2006'7 94)

J Korean Soc Occup Environ Hyg 2006;16(2):245-253

A9 2% &

Vitamin Bi2

Zo] &2 Homocysteine, Folateg}
S5 v = F%F

Effectsof occupational chromium expaosureon plasma homocysene, folate and vitamin Bi2 concentr ation

Ki-Woong Kim' " - Kyoo Sang Kim' -

Sung-Soo Oh!

Injeong Park'

- Seong-Kyu Kang' -

- 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 Bi2 and Hey levels in the workers
chronically exposure to Cr. Subjects were 104 male employees,
65 workers exposed to Cr in 9 electroplating plants and 39 office
workers who had never been occupationally exposed to
hazardous substances including Cr. The geometric mean(GM)
of Cr in workplace was 0.069 £0.101 mg/m® and urinary Cr was
0.483 +0.394 mg/g creatinine and airborne 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 creatinine.
In comparing the workers exposed to Cr with controls,
significantly higher mean plasma levels were found of Hey(11.3
+4.9 vs 94 £4.7 ymol/ ¢, p=0.05), but vitamin B2 levels
(181.8 =68.7 vs 216.0 £ 64.3 nmol/ ¢, p=0.01) was
significantly decreased. Hey concentrations correlated positively
with airbome Cr concentrations(r=0.287, p=0.004) and urinary
Cr concentrations(r=0.244, p=0.015) but folate concentrations
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correlated negatively with airborne(r=-0.234, p=0.020) and
urinary Cr concentrations(r=-0.640, p=0.090), respectively. No
correlations were observed between vitamin B2, aitborne and
urinary Cr concentrations. Also, Hey concentrations correlated
positively with vitamin Bi2(r=0.295, p=0.0020 and negatively
with folate concentrations(r=-0.196, p=0.046). The various
biological(i.e. age and serum indicates) or lifestyle factors(i.e.
medication, smoking, alcohol and coffee intake), also taken into
account as potential confounders, did not influence the
correlations found.

Thus, this study found evidence that Cr might be associated
with elevated plasma levels of Hey. Furthermore, elevated
plasma levels of Hcy were significantly associated with folate
and vitamin Bi2 concentration.
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Homocysteine (Hey) & methionine (Met) 2] thA} 74| 2 4]
g 7142 W AA AT A AE L] &4, A
s} AU G A (LDL) 2 8438 Sl &g FHu7t
2] &7, arachidonic acid €] tjA} o]}, A A L H &
u Ak B gk s WA g I o] glgol AAEHNAL
(Wall -, 1980; Harker 2} Harlan, 1983; Heinecke -, 1984), Hey
9 FEFTIE e A i A8 Y HAE 5
& do7)e Zlo g W At Clake 5, 191; A2 d =,
1998) . Hey ol th gk -2 A7} %13 = A Hey 9 sulfur?] %1
Sik-S- (transsulfuration ) 7} remethylation 78 &5 713 vjA ¥ A
U Met 0 % ThA] A H k= 7] H o] g it

Sulfur7] 2] A=ik-8- 7 2 3= Heyo| vitamin Bs Be) 2]
cystathione beta synthase (cystathione —4 —synthase) 2-§-o] <]
A cystathionine©] 81 ¥ U} cysteine ©. & WHH F HF
O % sulfate 9 HoO= v ) ¥ | remethylation 7 =
folate 2} vitamin Bi2 B12) & K. Z <1 A% 3}9] betaine —
homocysteine methyltransferasel| 2] lj4] 5—methyltetrahydrofolate
(5—MTHF) 7} tetrahydrofolate (THF) = ¥ 8}%] &= 274 o 4] A
A= 31+] methyl 7] 7} donor 2 2H8-31 4 Hey©] Met ©. %
At A H ) (Selhub 2} Miller, 1992). whe}A] cystathione —5—
synthase 2] &4 312 plasma Hey &} Met 9] =& F71HA]7]
71} plasma cysteine?] 5= & A4 A7|A H Mudd 5,
1989), Heyo] Met® )| $Hd =] &= remethylation 37 ol ¥+ 3}
+ methyltetrahydrofolate reductase (MTHR)2] £-% 2] wio]

A

!

d
3|
A
A
L
-

Tetrahydrofolate

(Kang %, 1991) 9} folate 9} B6 9} 7+ B %914} 5%
(Selhub 2} Miller, 1992) o] 2] 3|4 & plasma Hey 2} Met 2] &%=
7} 2po] & welt} Bk Hey 9 5 5= Met & Hey 2 £3lA]7]
+ S—adenosylhomocysteine hydrolase (SAHHase) 2} Hey &
cystathionine ©. 2 -3 A]7] = cystathione — f—synthase 2] 4]
Lo &R ol 540 TAL fHAE T2 449 4
o] oA YERdt) o] & 249 A3 Heydl SR8 5
JHAIA 2o 2 329 homocystine = B A A] 7] A] ¥ a1
(homocystinuria) ©]2] 3t A5 B6E #2510 3kA}of 7]
TS 1 ook ¥k ofye} &3S (Mason 2} Choi, 2005;
Sakuta 2} Suzuki, 2005) 3} -1 (Van Wersch -, 2002), A &5
3 (Herrmann 3} Geisel, 2002), ©] &2 tjAla A9 FAE
(Pasca %, 2006), A1 A1 AE#H A (Stoney, 1999) 2 =13
(Obeid 2} Herrmann, 2006) o w}2}4] &= Hey, folate & B2 9] &
5 2P0l & BRIt Hey o] w5& YA Admgh A} o] 9]
5 Al e ksl dap 2 B4 AkA F(reactive oxygen
species, ROSs) 9] & %e] J & wErhal B i glo v
(Huang 5, 2001), ROSs %= &1 (Rahman3} MacNee,
1996; Banzet 5, 1999), 8st&4 3 A5S ¥ To5
(Xie 2} Zhuang, 2001; Balamurugan -, 2002; Desoize, 2003;
Wang -, 2004; Goulart -, 2005; Valko -, 2006) 3+ &4 gt 3
dol Sle Ao% B glv 87 wge A5 =
Z& Hey?d] w59 93E £ 7FsAdo] Avka st A5k
A 2%E3} PAE Hey, folate @ Bz 5ol gk A4 20 o
T o] FolA A ¢kar Qlrt

o9} o] Ta& AbH wEl lojA AU 54E
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Fig. 1. The metabolism of methionine and homocysteire.
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A7) 7|5 SR 9k AFRbap A2 ARba)l s 2 Ao =
Q% A} opv| ko] BAT Aol FHof gtk Moreno
(2005) -2 Chinese cabbage 2] 4373} % o} -2k (sulfur amino
acid) 9] Aol Tu4 FFE A7 Al 27
= %7}l w2} methionine, isoleucine, leucine B! lysine -2 &

T $71E 0 serine o] F WS HolA] ookt B
B AL
upeba] o] Aol A& AF9 F5% F7F7} methionine 2]

SIS S7HA71E W, Hey o) 9413} okl ol sk
SAHHase £} cystathione— g—synthase &] L+ A8 02
DA g F#o] Q7] wEo] AF =% 3} Met2) remethylation
o A9 TS T 2 EE A7 wEd 95t
ROSs 2] AAJo] Z71d Ael= 718 3}l plasma Hey, folate !
Budl 558 245j0] 282 wFo] o/59] Fro) oju
#HHA o] EAE Lozt skl
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1) 371% 259 =&F
NEAH 9 AL WEEY YDA ADT S
(National Institute for Occupational Safety and Health, NIOSH) 2]
27215 7024 (NIOSH, 1994) 3ol w2} 7)1A 2 314
7] (Quiet—Flow Sampler, MSA, USA) & o] g-3}o] £33 20+
1.0 2 9] f-# 2.2 cellulose ester membrane( &7 37 mm, &

F =Z°| % Homocysteine, Folate ¢} Vitamin Biz &= v x| = 5 gk 247

237108 m) oA o AT} FA20] LAH cellulose
ester membrane o] T o] A1 mE H7)e & 223 o B
& olgato] AT v, EEAAFEHEA (Varian
AAS =300 flame atomic absorption spectrophotometer, Varian,
Australia) £ o]&-3}o] A 83ich

2) 2 F AFFE £
9% 382 Christensen 5-(1993) ¢ 2] gt ¥ & W3 5}o]
3tk @ A5 0.1% Triton X—100 8- © 2 104 3]

CNE
(o

to] A9k (Zeeman) RAEA7F A Sd2 AAEH
FA R B4 0, oy A%+ 110-450 T,

331900 C, YA E+=2,300 Tk

ﬁ Mro1x Ao
Qri
o)

3) &=} homocysteine, folate 2 B129] & 1=
GHE FEFHAA 24 9A~104] Alo]df| ethylene
diamine tetraacetic acid (EDTA)7} 331142 50]91%= 5 cc
FHE o] &sto] Adaelch AdH A BFEE A
&3] AP A Z o]Fsto] A41E-2 (2,500 pme] A 2045-,4°C)
3lo] IS g &, 70T WE R 313 T) Folate 9}
Bi& HAMA E9 dao® 24519l on g% Heys
Chadefaux 5-(1989) 2] H}H 01] 25} radioenzyme H 0.2 FA]
sk WA, F2l¥ d78 potassium phosphate buffer (100
mmol/ ¢, pH 74) & 41f 3]A¢ v, o] 100 & F 3}l
10 mM dithioerytheitol #} 1 mM 2 —deoxycoformycin 2} & §}+5}f
37C oA 1087 ¥k-2-A]17] 12, 20 mM “C adenocine ¥} 0.5 unit
9] S—adenosylhomocystein hydrolase S % 7} §- 37 C ol 4] 40
2 RAEEAIZ]AL 100 Tl A] 53231 7Fdsto] Eankes 4
Z]/‘]73‘3} Fankgol FRE Alsw 9EE (13,000 rpm, 3
B)sto] A S AAG v, FolAmmbE T F R 74
o}% AT HY A A ¢ adenosine?} S-—
adenosylhomocysteine = 212} 30 0% paper sheets (46 <57
cm)o] A A3 & ethanol/methanol/water/ammonium
hydroxide (65/15/20/1) 7} S¢] Q13= chamber (60 x42 26 cm)
A 16417 &<k A7AIA x50t} 212% paper sheets
£ UV lampE ©]-€-3}9] adenosine3} S—adenosylhomocysteine
o A7E A BT The RE G Foha A ¥4I 07
A7 m9) scintillation ZFe|do] E0] Q1= 20 mf viale] B2
shaking ¢t v} ®ALs 7|4 7] (Liquid Scintillation Analyzer,
A2100 Model, Packard Co, Netherlands) & o]-8-5}o] =743}
.
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o ol5ol AL FE 2L Fetal] Aatol T 7}
7 o] Y%= 98 SPSS (version 11.0)
9, R AR A 9 AREA 52 A

o7 UrE‘rkkE}(p 0.02) (Table 1).
w3z (7131 0069 +0.101 mg/m3ﬂ zioﬂ

=il 9lglom, 01 g AEoA S48 = %%(71
3}) A& %5 04830394 ng/g creatinine © i/ﬂ = o127k
o] A7 (r) &= 0.900 (p=0.000) 0] t}. thETFEJA =

e =T AFI BA U ehE =275 SHAR

m. 9321 o} @A 34 AL 0301 +0.255 ng/g creatinine 0.2 =7 9]
T} (Table 2) (p=001). =% 2] A9 Hey o] k& 113+
T &2 70 Ay = 389183349 1, AEEF A F 49 pmol/ ¢ 2 -] 9447 ymol/ § Bt} L (p=0.05)
Ao A & g 270 73+35»ﬂol et ol= o Bk folate (1.6 =0.8 ng/m? vs 1.7 0.9 ng/m, p=0.33) 9}
AR F AA FAY SFE sta e U AeE 4 Bi2(181.8 +68.7 nmol/ £ vs 2160 +64.3 nmol/Q,p—OOI o]
554% (36'3) 9} 4939%(32+3) 0] 3l T} ﬂ%zi—ﬂ A= 3T TE gzTRy v 23590 W (Table 3), 98, &5
A 0] 353 TOATAE =& TR Wk o (p=002), &5 4 FAe Edlsg dho] R FEAENS *—M o 4
717£80+32 0 % Bl stk 7} o] ERWST) F 7742 Hoy ) S Aolo] IS
olE A T A% £FAE 77 538%(211) ¢ FA k= Aow Vet (Table 4). 85 Fe 28 =
872% (3474 ) 2 A wZ& TR T2 7oA ’ﬁ“l‘7‘]’7]' 2 A (p=002) 7 A4 AL (p=032) & FLEE =ET4 2
Table 1. General characteristics of subjects
Exposed(n=65) Control(n=39) value
Mean £SD Mean £SD P
Age(yrs) 38.9 +8.33 353 +6.47 0.02
Working duration(yrs) 73 +3.5 8.0+3.2 0.45
BMI(kg/m?) 18.7+1.9 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) alue
Mean +SD Mean +SD p-vaiu
Air chromium(mg/m?) 0.069 £0.101 - -
Urine chromium( mg/g Cr") 0.483 +0.394 0.301+0.255 0.01
Table 3. Plasma concentration of homocysteine, folate and vitamin B12 insubjeds
Exposed(n=65) Control(n=39) value
Mean =SD Mean £SD p
Homocysteine(xmol/ £ ) 11.3+49 94+47 0.05
Folate(ng/m?) 1.6+0.8 1.7 £0.9 0.33
Vitamin B12(nmol/ ¢) 181.8 =68.7 216.0 £64.3 0.01
Total Cholesterol(mg/ d?) 170.1 +31.9 191.7 £38.5 0.02
Triglyceride( mg/ d) 146.0 £68.7 165.6 92.8 0.32

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

Variables B coefficient SE B 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 0214 2.106 0.038

age -0.009 0.061 -0.015 -0.151 0.880

Smoke -0.001 0.055 -0.002 -0.019 0.985
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3) uhd, folate= 37] & A (r=-0.234, p=0020)

AEFE0=-064, p=009) EFoJA 2 AHAAE
B vh(Fig. 49} 5). w3 folate 55+ Hey 39+ &
232 A (r=—-0.196, p=0.046) &, B9} = ko] A ##A]
(r=0.295,p=0002) & %9 tHFig. 62} 7).

o

V. %t
AEL E 4784 2 AHacids) Foll F 5= DS )
A3 QoA s, FEEA AA, o8 EEAE, ¥
A AR A 9 7} AskA Az o da] AFRE I glor
2 (IPCS, 1988) Z2Al50] AdAog A7 wEd 5 9)
+ 4FL veksit) £3], B0 20043 1 A A3 d 3
A B A (e, 2005) oA -2luete] =ed A E

[e:

82048 7Y, AL 2EAF 27,738 o 2l 313l =], o]
& FAe REYFol FAS: 2EAES] AEd wEE
7hsAdo] 71eke] HFHY} AvkeE A& difskE Alolet A
ZHen), mEE-2001) 9] 20000 222 A7 A A3}
BaAd oJatd AA Fa4 E507070 g} 100436
W £ 281%¢] d|Fsh= 28,192 0] A% EFAA G At
A 3L, 2001 A5 o= 21% (=% 5, 2003), 20023 & o &=
17.7% (=85, 2004), 18] 32 2003'd o = 86,8611 =
173987 (20%) 0] AF EFA73A gl S22 (%
5-,2004).

EEoA FEAEHL Qe A5 67 AFAE R
AA | v §- Falet EAEA dAY 954, A vEE
AE 9 He 55 fushs o8 4 A 3o (PCS,
1988), #|ote] HkL-
AT} oF 161] HL& 3
1990). &3t 55715
ofet dHE et 7F 9 9 TR FOE o] F3dte] FAEH
™ (ILO, 1998), “L% 1sto] o] A= =u], Z1ef ek <l
9] syt AFel oJsto] A== ROSsel| &)t Zlojzt
B ¥ Qlek(Shi 5, 1993; Bosgelmez 2} Guvendik, 2004;
Scibior 5-,2006). o] A= A tldARe] A AR A
9 FHoL Fof tfgh 2 ofHg o= 1ste] ROSs 9
¥ FEo AFE Yk Kok A E 7 Qi
T Aol At vkl Fo] B AFAES AFS
Xt F34 9 0] ROSse] A4S F7HA7] 4,
ROSs 9] 5% Hey +5 Wgke} #ddo] Avfal Byl

At} Huang 5+, 2001).
wpeA] ol e 712 AT E 271 s A =
= 2J5te] ROSs <] Ado] F7H Azt 71 3ol A%
% 3} plasma Hey, folate 3! B2 9] =99 ##A S ¥ 14}
3t =275 0069 70.101 ngnr 2] Ao =251 9)
orn ols diAY] wF AE F 048370.39%4 mg/g
creatinine®] 1 1, thZ1 2 w5 & w5 +0.301 £0.255 ng
/g creatinine ©. % T Tk f-8%k x}o]E K QIv}(table
2) p=001). o]Hel SR AF EAI% U9 71e A=
TEE H5F 50917 v 5 (1993)0] Bk 0.036
0,053} 0.043 +0.048 mgm’ FERT} A At
o H35(1995) L TFF oA 00350053 mgm' 9 A&
o wEHE AP 2F FAFEEE 0056 0.025 ng
/g creatinine , t] 2 ¢f| 4] = 0.035 +0.018 mgg creatinine ©. 2. =
AEQdvka Rt 37 F w2 EAY v =Fo
2 AEE 22 5L dAMHEY e AAAEY F
A A%, w4 9 AASTAA A Tl whe) B
xfo] & Bol=H], o|f Aol A vl A¥E ol gk 9l
o= Qlste] vepd Axet At ik dizrel 9l
o] plasma Hey 9] &%+ 11.3 4.99494£47 mmol/ 1, B
181.8 £68.7 7} 216.0 =64.3 nmol/ ¢ 72| 1! folate &%=+ 1.6+
083} 17109 ng/ml 0.5 4= o1}, 5 3k Hey 9} Bi
o] =l 598k x}o] & 2.9 vh(Table 3). Folate 9} Bng] &
TEEE ol 49 AHFY v wet B2 Aol &
Bolr o]& 42 A3 Heyd tjAkel Met .22 A3+
Bl FFE Y5t Hey ] 58 71710 a8
AS gk T3, dF Hey 55 Wk AH 20| =) ofE
58 Fd3 &, A% 529 92 Miner 5-, 1997; Carlsen &,
2005) 341+ ofuf 2} Hey o] thAbe}l Aj3HY #Hdof] #ofsle= &
A9 fFAAYEANE FdAdo] Avta i)
(Gellekink 5+, 2004). 53], 25729 v} A3 Heyd] 5
& 7= 99 F9 shvhE BarE it Wilhelm 5,
2006). A T 712 Hey, folate 2 B8 &5 xjolo] &
o5 9 Ao digh JEFE spetetr] ffste] vhH R
AR S AN G A3 o] 5 Ee ST 5 7742 Hey, folate
4 B F& apolo G wAA S AORE YT
(Table 4). Z121%} o]+ AT oAbl digh AEzeAt A2
& 27 st AdE o gty A =& (3891833
A 7} Ol 2T (3531647 4) R} BAEH o7
oo}, zpol ] L7} AojA] Hey & 55 3tel
2 ko 7o 7 Wk}, B8k Wilhelm 5 (2006) & o
o] F47} Heye] w58 S7MAZIvka a8, o
A FFATT Bk ekl Heyd w5t &
% B, FEFAAEHE G AT R SR
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4 s el s)ol 7] 8598 g0z ol o5 3

EE2T I AY I FF7100] v A 2EA 39S o)
$-3ho] A4t
ojfe] A= ALY o] 7HA AFH SR Qo] 7]
Eof L Oi?éﬂr ZAR S A9, FEH A
= ’“6@#01 & Afo]7] o] A-Fo| Hey, folate 2
Bud Fhe JFE viA 1L Qlvte AL Ao} ojd

FFE FeAd dd 718 stetebA Feilv webs] &

FolE A7 kEo] Met=2] ATz tjAr(]A) of WA
T Y 714 E g8l AU A ojop & 1o A7}
A},
V. d=

B = 929 =% 3} plasma Hey, folate @ Bi2 55 9}-2]
#HAA S Bzl 22 EABE 9F =F 2EAE O
o7 AFE AAEt] vhge] AES 49

1 =& ﬂ HAHE) AFxE 5= 0069+0.101 ng

Mol 1l %% AF ki 0483 10394 ng/g creatinine ©. &
Z+ 0301 +0255 ng/g creatinine) Bt} 2] 5}A =9k o

V2E2TY 7S 5T AE w55 0.900(p=0.000)
< B3l
2. &7 o4 % Hey (11.3 £4.9 vs 9.4 +4.7 ymol/ ¢,
p=005) ¢ sE%+ 71 Wi, B (181.8+£68.7 vs 2160+
64.3 nmol/ £, p=0.01) 2} folate &5 (1.6 0.8 vs 1.7 0.9 ng/md,
p=033)= uiﬂs’ii}.

3.Hey 9 ¥5% 7]12(r=0.287, p=0.004) 7} =% A&
(=0.244, p=0.015) 2} ;2] A F{AE B3l ¥ folate 2] &
T 71% =0234, p=0020) 37} =5 ¢=0.640, p=0.090) %
FollA Fof e B U Be ke VS =T

2 =%9| 2 Homocysteine, Folate 9} Vitamin Bie & X0l v] x| = < gk 251

AF FE ] A S HolA] ghort
. TE 129} k9] A7 (r=0.295, p=0.002),
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