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Relationship on the lead expomure indices and eymptome by ALAD genotype in lead worker

Kyu Dong Ahnf - Jong Chun Lee: Kwang Sung Cho - Jn Ho Kim - Sung Soo Lee: Byung Kook Lee

Institute of Industrial Medicine, Soonchunhyang University

A cross-sectional study was performed to evaluate
associations between lead biomarkers, lead-related sym-
ptoms, and & -aminolevulinic acid dehydratase (ALAD)
genotype among 598 lead workers and 144 control office
workers in storage battery industries, secondary smelting and
litharge making industries. Lead inhibits the second enzymes,
ALAD, in the heme synthesis pathway. ALAD gene, which
codes for one of three isozymic proteins (termed ALAD1-1,
ALAD1-2, and ALAD2-2), seems to modify the toxicokinetics
of lead. The result as follows;

The percents of total workers whose genotype of ALAD1-1
and ALAD1-2 were 88.4% and 11.6%, respectively. The zinc
protoporphyrin in blood (ZPP) and & -aminolevulinic acid in
urine (ALAU) of lead workers with ALAD1-2 were signi-
ficantly lower than those of lead workers with ALAD1-1, but
there were no significant difference between two genotype
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for blood lead, age, and work duration.

The proportion of ALAD1-2 genotype in control office
workers was 13.2%. The proportions of ALAD1-2 genotype of
lead workers were 14.0%(their mean air lead level below
0.024 / ), 10.4%(0.025-0.049 / ), 11.8%(0.050-0.099 /

), and 9.4%(above 0.100 / ), respectively.

In the logistic analysis of 15 lead related symptoms,
"arthralgia’(S7) symptom of ALAD1-2 was significantly lower
(OR=0.481; 95% CI=0.248-0.932) than that of ALAD1-1, but
‘feeling of irritation’(S11) of ALAD1-2 was significantly
higher(OR=1.636; 95% ClI=1.035-2.586) than that of ALAD1-1
after controlling possible confounder (blood lead, work

duration, smoking and drinking habit).

lead exposure indices, symptoms, ALAD
genotype, lead worker
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- Power
1.0 kW
- Plasma gas flow
15.0 L/min
- Auxiliary gas flow
1.5 L/min
- Spray chamber type
glass cyclonic
- Torch
Standard axial torch with 2.3mm ID injector
- Nebulizer
High flow microconcentric nebulizer
- Pump speed
15 ipm
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- Sample up take rate
160 0/min

- No. of replicates
3
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tank . DNA
15 centrifuge tube
25 QlAgen protesse K 200 AL
(prepare) buffer 70
10 . isopro-

panol (96-100%) 210 5

, 8,000rpm

.2 collection tube
QlAamp spin column

, 8,000rpm

200

filter
DNA
AW(wash)  buffer
8,000rpm 1 2
, 13,000rpm 2

QlAamp spin column AW(eution)
buffer 200 70 incubation
1 filter
8,000rpm 1
DNA
(polymerase chain reaction:
PCR) .
(PCR);
Bio RAD Therma Gene
Cycler(Seria No. 10596)
primer
OPERON(Operon Inc., CA U.SA)
oligonuclectide primer
4 | . primer
ALAD-A 5-CCC AAC CAT CCC TCT
CAG TC-3
ALAD-B 5-CCC AAC CTC CCT TCC
TTT TT-3
10
PCR buffer 5 , 0.2mM-dNTP 1
1-5w100 Tag DNA polymerase 0.3
(5unit/ ) .
primer A1 (200 / )

primer B 1 /200 / ) template
DNA 3 (<1 /100 10°-10° copies)
50 :
DNA ;

Mol 2 (sequence GGC
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I C, 10unit/ ) incubation buffer(SURE/
at 5 buffer) 5 PCR  tube 5) ZPP, portable hema
“ DNA u 0 tofluorometer (Aviv mode 206, U.SA)
50 37 gpectrum 423 nm
" (Blumberg, 1977).
6) & -amino levulinic acid(ALAU);
agarose gel ;10 t urine HPLC
05 / ethidium bromide ¥
. ( , 1996).
15% agaroe gl TBE buffer(Tris base
0.089M, boric acid 0.089M, EDTA 0.002M) 7 ;
150V 40 15
ge  UV-transilluminator
139-473 ( .
DNA
DNA DNA
ALAD 1-1, 1-2, 2-2
1
ALAD1-1 473 271, 158, 1
ASADl 2 5847339402 1 s
271 158 139 T ALAD1-1 656 834%
L ' , ALAD1-2 86 11.6%
ALAD2-2 402, 271, 158, 139
ALAD2-2
1 ALAD1-2
4) ; 05 25 1%  ZPP ALA  ALAD1-2
Triton X-100
(Hitachi Z-8100, Polarized Zee-  (p<0.05),
man effect AAS, Japan)
dandard addition
(Fernandez, 1975). ,
Table 1. List of lead-related sympime
Symptoms
sl Recent loss of appetite
V) Trouble with condtipation or diarrhea
3 Lower abdomina pain
S Intermittent pains in abdomen
> Tingling or numbness of arm or leg
$ Weskness of wrigt or ankle joint
S7 Joint pain or arthragia
8 Muscle pain
¢ Generaized weakness and fatigue
S10 Unable to deep well a night
S11 Feeling of irritation a the dightest disturbance
S12 Loss of weight
S13 Difficulty in concentration
sS4 Dizziness when standing suddenly
S15 Continuous headache
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Table 2. Surnrmery data for Selected study veriables by ALAD genctype 2
Viicbles ALADI-1(n=656) ALAD1-2(n=86) Totd(n=742) 140% :
Mean(SD) Mean(SD) Mean(SD) 2
Age(yrs) 37.3( 8.2) 36.2( 87) 37.2( 82 9.4%
WD(yre) 9.6( 6.3) 86( 62) 94( 63)
PoB( /) 234(12.4) 243(115), 235(12.3)
ZPP( | ) 51.8(30.0) 459(175) 51.1(28.9)
ALAU( /) 20( 14) 1.7(0.6)* 19(13)
Male 89.2 90.7 89.4 3. logistic
Sex(%) Femdle 108 93 106
Yes 505 64.0 60.0
0 4 15
Smoke(%) No 405 360 400
. Yes 703 79.1 713 ’ r
Drink(%) No 297 209 287 ALADI-1
WD : wok drdion  FB : Hood leed  ZFP : Zinc protoporphyrin » ALAD1-2
ALAU : uinay & -amino levdinic add * : p006 (odds ratio)
logigtic
Table 3. DistribUtion of penctype(ALADT~1 vs ALADT-2) by lead exposed level
Genotype ~itice work Conc?ggion Iaé%2§0%<49 olte)?éo (/)99) 0100- >
ofhice worker - 9 Y 00D : “ ALADI-1  517%, ALADI- 2
ALADI-1 1250 868)  49( 80)  86( 896)  261( 882)  135(90.6) S35%
ALAD1-2  19( 132  §(140)  10( 104)  35(118) 14 94)
Totdl 144(1000)  57(1000)  96(1000)  206(1000)  149(100.0) o
x’= 1539 p = 0820 " 55% 1%
2. . ALAD1-2
005010 / : ALADI-1
3 206 (39.9%) , .
. 57 (7.7%) ALAD1-1 ALAD1-2
144 ,
195% . St
ALAD1-2 “ ALADI1

Tahle 4. Adjusted odd retie and 956 corfidence imterval of lesd-relsted syrmptomes
ipresence ve absence) by penctypelAlADT-150 ALADI-2=1)

mpto Adjused  9%5% .
S]mg é)R Confidence interval
’ Sl Recent loss of appetite 1135 0623 2,068
( 2001-20 ) S2  Trouble with condtipation or diarrhea 1209 0649 2.254
19 S3  Lower abdomind pain 0963 0531 1749
4 Intermittent pains in abdomen 0193 0026 1426
S5 Tingling or numbness of am or leg 1168 0.720 184
' S6  Weakness of wrigt or ankle joint 0.961 0.552 1674
S7  Joint pain or arthragia 0481 0.248 0932
S8 Mustle pain 0634 0.282 1426
S9  Generdized weakness and fatigue 1049 0.666 1653
S10  Unable to deep well a night 1622 0930 2829
, S11  Feding of irritation a the dightest disturbance  1.636 1035 2.536
005 | 12 S12  Loss of weght 1249 0.720 2.167
' S13  Difficulty in concentration 1263 0.774 2059
0.024 , 00250049 / , 005 Sl4 Dizziness when standing suddenly 1035 0627 1706

099 / , 010 / 5 S15  Continuous headache 1430 0.672 3043




OR=0.481, 95% CI=0.248-0.932

, st
ALAD1-2 OR=1.636, 95%
Cl=1.035-2.586
98%
(Simons, 1993),
hemoglobin
(Lolin Gorman, 1988).

0 -aminolevulinic acid dehydratase
O -aminolevulinic

acid(ALA) ,
heme
ALAD1-1 ALAD1-2, ALAD2-2
(polymor-
phism) (Wetmur, 1994).
. Alexander  (1998)
14
ALAD1
-1 85%, ALAD1-2 15%
ALAD1-2
ZPP
ALAD1-2
. ALAD1-2
11.6%
. Benkmann
(2983) , ,
88.9%, 94.2%,
100.0% ALAD1-1
, Sithisarankul
(1997) ALAD1-2 ALAD2-2

ALAD genotype

Caucasan  10%, African-
American %, Asan 6%
, Wetmur (1994)  Caucasian
20%

(1999) 1
262
194
ALAD1-2

8.4%, 6.0%

ALAD1-2

2
. Schwartz ~ (1995)
3 308
ALAD1-2
8.6%, 20.0%,
2.2%

(2000)

263 ALAD
ALADI1-1
85.9%, ALAD1-2  14.1%
(2000)
ALAD1-2
ad-
justed odd ratio

ZPP,
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, ALAD1-2

ALA

ALA

ALAD

40 /
ALA

(1995) 3

290

40 |/
logitic

ZPP
ALAD1-2

ALA

Lee (2000)
DMSA-cheletable lead
median ,
logitic

, ZPP

DMSA-cheletable lead ,

St

. Schwartz

ALA,

“ ALAD1-2

s

ALAD1-2
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(1999)
‘ (tibid lead)
ALAD 3. ALAD1-2
ALAD 12 14.0%
ZPP ALA :
13.2%, 0.05-0.099 /
11.8%, 0.025-0.049 /
104% : 2
94%
4. 15
ALAD ALADI-1
, ALAD1-2
(odds ratio) logistic
5"
“ ALAD1-1
OR=0.481, 95%
C1=0.248-0.932 :
0 -amino Si1
levulinic acid dehydratase(ALAD) " ALAD1-2
heme OR=1.636, 95% Cl=1.035-2.586
. ALADI-1
ALAD1-2
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