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— Abstract —

The Effect of ALAD Polymorphism on the Relationship of Blood and
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Bone Lead with Hematologic Biomarkers in Lead Exposed Workers

Kyu-Dong Ahn", Bong-Ki Jang”, Byung-Kook Lee"

Department of Preventive Medicine, Medical College and Institute of Industrial Medicine, Soonchunhyang University”

Department of Environmental Health, College of Natural Sciences, Soonchunhyang University”

Objectives : To evaluate the effect of ALAD polymorphism on the relationship of blood
and bone lead with hematologic biomarkers in lead exposed workers, 450 lead exposed
workers and 85 non-lead exposed workers were selected.

Methods : Blood lead and tibia bone lead were selected as parameters of lead exposure and
blood ZPP. urinary ALA (ALAU), hemoglobin (Hb) and hematocrit (Hct) were chosen as para-
meters of hematologic effect of lead exposure. Genotype of each subject was assayed and
expressed as ALADI and ALAD2. Demographic information such as sex, age and personal habit
of smoking and drinking were collected. Job duration of lead exposed workers was also obtained.

Results : The overall prevalence of the variant allele, ALAD2 in lead exposed workers was
9.6 %(43 out of 450 lead workers) which was not differed from control workers (9.4 % : 8 out
of 85). The means of tibial lead and blood ZPP in lead workers with ALAD2 were lower than
those of lead workers with ALADI, but the differences were not statistically significant.
After adjusting for possible confounders (sex, job duration, BMI. drinking and smoking sta-
tus) only blood lead and bone lead contributed negatively to the level of hemoglobin with sta-
tistical significance without any contribution of ALAD genotype. On the other hand, no sig-
nificant effect of blood lead, bone lead and ALAD genotype were observed on the level of
hematocrit after controlling possible confounder. ALAD genotype in the multiple regression
analysis of blood lead and bone lead with log transformed urinary ALA (LogALAU) after
adjusting for possible confounders showed significant main and interaction effect on LogALAU
simultaneously, which resulted lower LogALAU in lead exposed workers of ALAD2 than
ALADI. It was also observed only main effect of ALAD gene type on blood ZPP after adjust-
ing possible confounder resulting lower ZPP in lead workers of ALAD2 than ALADI.

Conclusions : With above results, it was found that ALAD polymorphism did not
affect on the level of hemoglobin and hematocrit, but ALAD polymorphism made signifi-
cant effect on the association of blood and bone lead with urinary ALA and blood ZPP.
The lower urinary ALA and blood ZPP in ALAD2 lead workers suggested that ALAD2
genotype may be supportive for the protective effect of lead.

Key Words : ALAD polymorphism, Blood and bone lead, Hematologic biomarkers
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Aol F7ke 9% P9 F S-aminole-

vulinic acid dehydratase(ALAD)®} heme syn-
thetase®] 282 Aoz Ax|ste] HAFEH<
d-aminolevuline acid7} @< el F71=a AW
o2 MAF=E F7FEW, A W protopor-
phyrin@e] F7lete] ol tif-de] dF ofdd
233 zinc protoporphyrin “JElE &gt}
(WHO, 1977). o] Qlstd A4 Ao o]do]
el Sxdde @i ot e

Aell o3t AAGETFS FU P F=E
o= ZiRIZte] Aol Sl AR Hmd up glo
] (Castellino®} Castellino, 1995), °|& 7HQUzt
ztole] dF= FHA] &%lol VQlEE Fer &
HA ok A4 3 AT Fo

aminolevulinic acid dehydratase® ©-&2A

(polymorphism)°o] kol 3 =e] Aolo wet
A9 AW iAol dExithe ol 3l

(Wetmur, 1994). dZ=2 9 Z=o 714 g3
Q AESA AxE AMEEHE ¥

Eail 494
o wgt zelzt 9o} o]F AR FAPA uwet
Aol Bk wizke o opd ooz R &
Athe HuEo] oy IdXEH Hdle oyt

(Astrin &, 1987).

Aol <3t ZzeFEy A
Bol AEE Al 85 dFe=
7141 A&t RUEPoly 9dA
thol] o] &¥tH(Granziano, 1994). 3
W A% (body burden)?] B&g4 &
YelgE ez dF dde A
28~36€H = Htoll HA] o} T 2~3/Ee
22 A3 A9 EAslE deed vele
2AE F8sith. v A A Adle &
2 A8 A F AT FEE dohe A%
ARZAME F53E AR S0l A9 90~95 %
7} Zell A7 wjZe|t(WHO, 1977).
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AR (lead burden) S H7}stsd o] &5
(Masci 5, 1995). =7 o] A& AU

Zz gug Yohhe ARz §
<

kinetics) & 22 F e oz HuHz 3t
(Schwartz 5., 1995, 1997).

aYEg & ATdre dFze] AREA
AT 5 dFS S5t AF2e dHo]
ALAD &4 t3gdAdS ZAte] ALADS
A et 25 A% 2 dF AT 237
Asleta A #Ql zinc protoporphyrin, £%
aminolevulinic acid, @44 Iglm &84
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sto] AI=E AT
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of L o mH
1 o ff oly
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QA 470, PVC A A=A 10 5 88 A At
AGNA & Aol Aoz gt 45085 AT
sFom, dixa 8h AZF27) gle AAAE Al
2o TARIE SEAEY B ggn Ik 22
Zp FollAl 2 Aol FAE Fg AlEEolUT

g A AR TE AR tig AGBAE S
At FHA AzGA FHAEY s 4
0.053, 0.054, 0.098 mg/m’o|lem 23 AAY
Al NAFe] 71882 ZH2 0.039, 0.075. 0.153,



0.533 mg/m’|Rx, PVC A Az=AA A

= 0.113 mg/m’e] 7|81 #& YeRY Eﬂyr"vﬂ* A
tol —rﬂur?/} 71% A=) 471+ 0.05 mg/m’

= Aol ATk,

ARE2AE 7 A8 25 d¥S

7159 Asiebd Ax2A a4 F

. 8% d-aminolevulinic acid(ALAU) %

gafslon,

—\JJ%

3

=

1, 29
(o=

g% zinc protoporphyrin(ZPP)E&

=

ALAD FAA8E AT 3 ol5 Zod

Jd 94FS = ¢ e wAFEA A 93, A

oF 5% BMI(body mass index) 2 A 2

AR A§- AZ27130e] dig A 5= 8T
2. A

ool 53 o
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DNA F&9UH2 200 49 A¥E 1.5 ml micro-
centrifuge tubee] ¥ 25 # QIAgen protease
K¢} 200 4 AL(prepare) buffers Z He
¥ 70T #FeFxdA 1083 WASAT.
Isopropanol (96~100 %) 210 ©“E Z7}sted 533t
Ae & 8,000 rpmelld F=x7F 43si 2 ml
49| collection tubeol QIAamp spin column<

L ABRE AFE U F, 8,000 rpmolr PAEe
31tk Filterg o|g3dle g9& AAsm F2Hd
A 7AA £=43 DNATS HE 37 93l
AW (wash) bufferg& 33t 8,000 rpme= 1%
A 23] A4lEel sen, HEH 2R 13,000 rpm
oA 287 AR STt

QIAamp spin columnel* AE(elution)
buffer 200 ©ME Y1 70C°IA incubationdt ¥
AoA 183 WAt filterE F235ke] 8,000
rpmollA 183 Y4lEe3sled &8 DNAZF 23
4 A5E T¥EL A4S (Polymerase Chain
Reaction) &2 2 AR&-3FATH

@ FHEAL A (PCR)

Z¢E s AT Bio RADAMY Thermal
Gene Cyclers ©]&3I9th T¢aEA ARk
213 primere OPERON(Operon Inc., CA
U.S.A)°lA 43 oligonucleotide primerE A
|33ttt AE ol & HF TEE FTHRTE I
Aete] 4 ug/m =A At primere] A7IHE-S
o5 2t

ALAD-A : 5-CCCAACCATCCCTCTCAGTC-3

ALAD-B : 5-CCCAACCTCCCTTCCTTTTT-3

A Aguke AAelE 10W 53" PCR
buffer 5 #, 0.2 mM-dNTP 1 #, :LE].T’_ 1~5
u/1004 Taq DNA polymerase 0.3 4 (5 unit/
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k. AHE g9
primer Al (200 we/#)¢} primer Bl #(200
wg/H)E ¥e % template DNA 3 4 (<1 wug
/10044 10°-10° copies) & €& F THFZ % 50
H=E ST

PCR &7 94TolA 383t 1 cycle, 94TColA
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oA 1083+ SEA AT

@ AFaLel oF DNA9| 425}

Aggi el Alekel Mspl 2 4 (sequence GGC
L C. 10 unit/#)%} incubation buffer (SURE/Cut
5 buffer L) 5 #ZE PCRE& tubecl ¥
A w3 DNA A8 20 HE 71’ & SHSE
% 50 W= & F 37ColA 2447t WA Z T
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Table 1. Characteristics of study subjects

@ agarose gel A719%

10 M9 WHSAMES 0.5 M/m ethidium bro-
mideZ} £3%¥ 1.5 % agarose gel® TBE
buffer(Tris base 0.089 M., boric acid 0.089
M, EDTA 0.002 M) “dellA] 150 V&2 40%3F A
719%5< stttk A719%% gel UV-trans-
illuminatorE ©|&38k] 139~473 9714 WL W
oA JAalE DNA dHE st AlE DNA
9 XWHX]“ £ DNAE BAlol 719535t

Ago] A
o] &3t}
t-testE ©|833aL,

< SAS 6.12(SAS Institute inc.) &
71e2 Age] BA4E 915ke] student
oY EAE fste] F3A

Exposed (N=450)

Non-exposed (N=85)

Variables Mean+S.D Range Mean=+S.D Range
Age(yrs)* 42.5+9.0 18.2 64.7 35.1+10.6 22.0 60.1
WD(yrs) 10.0£6.5 0.0 36.1
BMI(kg/m?) 22.8+2.8 16.3 32.8 23.6+2.8 18.7 29.1
PbB(ug/dl)* 36.1+13.9 5.8 112.1 4.8+1.7 1.9 10.3
PBT(ug/g)* 38.9+44.5 7.4 337.5 6.2+7.1 -10.9 26.6
Hb(g/dl) 14.2+1.3 6.5 17.9 15.1+1.2 11.1 17.9
Hct (%) 42.9+4.5 20.6 58.6 44.0+3.4 32.8 53.5
ZPP (ug/L)* 89.8+69.5 16.0 640.0 39.9+9.1 27.0 69.0
ALAU (mg/1)* 2.2+2.6 0.1 31.2 1.7+0.8 0.2 4.4
Sex

Male, N(%) 381(84.7) 74(87.1)

Female, N(%) 69(15.3) 11(12.9)
Smoking

Current, N(%) 195(43.3) 38(44.7)

Never & Ex, N(%) 255(56.7) 47(55.3)
Drinking

Current, N(%) 147(32.7) 31(36.5)

Never & Ex, N(%) 303(67.3) 54(63.5)
ALAD genotype

1-1, N(%) 407(90.4) 77(90.6)

1-2 or 2-2, N(%) 43(9.6) 8(9.4)

* 1 p<0.01
WD : work duration
PBT : tibial lead
7ZPP : zinc protoprotorphyrin
ALAD : delta aminolevulunic acid dehydrogenase
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BMI : body mass index
Hb : hemoglobin
ALAU : delta aminolevulunic acid in urine

PbB : Pb in blood
Hct : hematocrit
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42 524 ¥ Z 29
=9ko 1t (p<0. 01) A
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¥ ALADIe] 90.4 #ﬂ HJ
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Table 2. Multiple regression models of hemoglobin in
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N

letd =

e

7ISAEe| Aty

0

ozl dZ2 AR5 s HEZRTH fo
A =9tHp<0.01)(Table 1).
Z23 HEZE2TS fAFEAY
Aol AZE ety AR5 Hds
vl wstl-S Wl (Table #|AI$He) ALAD1E-S e}
W AZ2Fe EF A% HT2 36.1+14.0 we/
di24 ALAD2¥e] dZF=29 Hi 36.2+13.6
ug/dlet 2tol7b §lla, AFERTe] dF ZPPe 3
TS ALAD1¥E(91.0£69.8 wug/L) Bt} ALAD2%E
(78.8466.4 ug/L)oIA W& 3h& Yepllont 94
EAACE fosiAlE EUTHp>0.05). EI FF
o] B% o] WFLS AZ2FA ALADIZS
39.7+45.3 ug/gel9a ALAD29IA+= 30.9+34.8
ug/g®A ALAD28 oA Ao} oA Eﬁlﬂog
freletA = skt o fle] A, X—l . BMI &
S YA AZg AFEdAE é‘ ol w}e
ok Hite] Aol UATH ‘Jﬁd Hl% o A=
ALAD13S] E% 7ZPPe B2 39.2+8.6 ug/dl
24 ALAD2%9| 46.8+11.0ug/dl BT} 238k
AT p<0.05).

ol ek ¥

lead exposed workers

Estimate S.E. t-stat p-value N R’
Model la-without ALAD gentype
INTERCEP 12.3470 0.5471 22.5680 0.0000 448 0.37
Age(yrs) -0.0110 0.0073 -1.5093 0.1319
Female* -1.8443 0.1910 -9.6576 0.0000
WD(yrs) - 0.0050 0.0092 -0.5502 0.5825
BMI(kg/m?®) 0.1211 0.0194 6.2382 0.0000
Drinking' 0.2034 0.1277 1.5933 0.1118
Smoking' 0.2859 0.1271 2.2496 0.0250
PbB(ug/dl) - 0.0096 0.0042 -2.2778 0.0232
Model 1b-without ALAD gentype
INTERCEP 11.9373 0.5413 22.0549 0.0000 448 0.37
Age(yrs) -0.0134 0.0070 -1.9155 0.0561
Female* -1.7979 0.1859 -9.6710 0.0000
WD(yrs) 0.0058 0.0103 0.5621 0.5744
BMI(kg/m”) 0.1306 0.0194 6.7259 0.0000
Drinking' 0.1648 0.1285 1.2826 0.2003
Smoking' 0.2820 0.1267 2.2262 0.0265
PbT(ug/g) -0.0035 0.0014 - 2.4668 0.0140
WD : work duration BMI : body mass index PDbB : Pb in blood

ALAD : delta aminolevulunic acid dehydratase

* Female(female vs. male) ' Smoking, Drinking(current vs. never&ex)
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LogZPP(r=0.606, p<0.01)°lx, =1 &
7ZPP(r=0.523, p<0.01), LogALAU(r=0.486,
<0.01), ALAU(r=0.475, p<0.01), =%
(r=0.471, p<0.01), 48 (r=0.190, p<0.01),
(r=0.127. p(0.01). BMI(r=0.146, p<0.01)

My e

2 BAFcE fosiitt. @, F5 A%
o] Be QAT Wi HE (1=0.521, p<0.01)°]
I, I yFe2 8F A LogZPP(r=0.393,
<0.01), ZPP(r=0.308, p<0.01), 4% (r=0.290,
p<0.01), LogALAU(r=0.265, p<0.01),
ALAU(r=0.210, p<0.01), BMI(r=-0.099, p
<0.05)wo = o] =8kt

A% 9 a8z BMIZF 9Z8 AFEF F9
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Table 3. Multiple regression models of LogALAU with blood lead in lead exposed workers

Estimate S.E. t-stat p-value N R’
Model 1-without ALAD gentype
INTERCEP -0.3490 0.3017 -1.1566 0.2481 448 0.24
Age(yrs) 0.0045 0.0040 1.1134 0.2662
Female* -0.0070 0.1053 -0.0668 0.9468
WD(yrs) -0.0092 0.0051 -1.8183 0.0697
BMI(kg/m? -0.0040 0.0107 -0.3726 0.7096
Drinking" -0.0055 0.0704 -0.0780 0.9378
Smoking' 0.0289 0.0701 0.4119 0.6806
PbB(ug/dl) 0.0240 0.0023 10.3075 0.0000
Model 2-with ALAD genotype
INTERCEP -0.3212 0.3026 -1.0614 0.2891 448 0.24
Age(yrs) 0.0043 0.0040 1.0781 0.2816
Female* 0.0031 0.1057 0.0291 0.9768
WD(yrs) -0.0091 0.0051 -1.7931 0.0736
BMI(kg/m?) -0.0048 0.0107 -0.4496 0.6532
Drinking" -0.0032 0.0704 -0.0451 0.9641
Smoking' 0.0353 0.0703 0.5021 0.6159
PbB(ug/dl) 0.0240 0.0023 10.3121 0.0000
ALADI1-2} -0.1135 0.0993 -1.1426 0.2538
Model 3-with ALAD genotype and ALAD genotype X PbB interaction
INTERCEP -0.2107 0.3031 -0.6953 0.4873 448 0.26
Age(yrs) 0.0042 0.0040 1.0588 0.2903
Female* -0.0096 0.1050 -0.0915 0.9271
WD(yrs) -0.0093 0.0050 -1.8473 0.0654
BMI(kg/m?) -0.0058 0.0107 -0.5471 0.5846
Drinking" -0.0173 0.0701 -0.2466 0.8054
Smoking' 0.0261 0.0699 0.3734 0.7090
PbB(ug/dl) 0.0222 0.0024 9.2654 0.0000
ALAD1-2' -0.8341 0.2802 -2.9764 0.0031
ALADI1-2xPbB 0.0199 0.0073 2.7470 0.0063

WD : work duration
PbB ; Pb in blood

BMI : body mass index

ALAU ; delta aminolevulunic acid in urine

ALAD : delta aminolevulunic acid dehydratase

* Female(female vs. male) ' Smoking, Drinking(current vs. never&ex)

'ALAD genotype(ALADI1-2 vs. ALADI-1)
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Table 4. Multiple regression models of LogALAU with tibial lead in lead exposed workers

Estimate S.E. t-stat p-value N R’

Model 1-without ALAD gentype

INTERCEP 0.5036 0.3186 1.5804 0.1147 448 0.14

Age(yrs) 0.0129 0.0041 3.1164 0.0020

Female* -0.1928 0.1094 -1.7617 0.0788

WD(yrs) -0.0250 0.0060 -4.1347 0.0000

BMI(kg/m? -0.0226 0.0114 -1.9764 0.0487

Drinking' 0.0533 0.0756 0.7046 0.4814

Smoking' 0.0681 0.0746 0.9127 0.3619

PbT(ueg/g) 0.0053 0.0008 6.3568 0.0000

Model 2-with ALAD genotype

INTERCEP 0.5205 0.3197 1.6283 0.1042 448 0.14

Age(yrs) 0.0128 0.0041 3.0964 0.0021

Female* -0.1867 0.1098 -1.7002 0.0898

WD(yrs) -0.0248 0.0061 -4.0963 0.0000

BMI(kg/m?) -0.0231 0.0115 -2.0159 0.0444

Drinking' 0.0545 0.0757 0.7198 0.4720

Smoking’ 0.0726 0.0749 0.9700 0.3326

PBT(ug/g) 0.0053 0.0008 6.3045 0.0000

ALAD1-2! -0.0758 0.1062 -0.7144 0.4753

Model 3-with ALAD genotype and ALAD genotype X PBT interaction

INTERCEP 0.6188 0.3167 1.9536 0.0514 448 0.16

Age(yrs) 0.0132 0.0041 3.2226 0.0014

Female* -0.2131 0.1087 -1.9610 0.0505

WD(yrs) -0.0258 0.0060 -4.3094 0.0000

BMI(kg/m? -0.0257 0.0113 -2.2641 0.0241

Drinking' 0.0408 0.0748 0.5456 0.5856

Smoking’ 0.0558 0.0741 0.7532 0.4518

PBT(ug/g) 0.0048 0.0008 5.6168 0.0000

ALAD1-2! -0.4066 0.1402 -2.9010 0.0039

ALADI1-2xPBT 0.0106 0.0030 3.5532 0.0004

WD ; work duration BMI ; body mass index ALAU : delta aminolevulunic acid in urine

PBT : tibial lead ALAD : delta aminolevulunic acid dehydratase

*Female(female vs. male) ' Smoking, Drinking(current vs. never&ex)

*ALAD genotype(ALAD1-2 vs. ALADI-1)
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Table 5. Multiple regression models of LogZPP with blood lead in lead exposed workers

Estimate S.E. t-stat p-value N R’
Model 1-without ALAD gentype
INTERCEP 3.3995 0.2035 16.7026 0.0000 448 0.48
Age(yrs) 0.0044 0.0027 1.6251 0.1049
Female* 0.4060 0.0710 5.7148 0.0000
WD(yrs) -0.0007 0.0034 -0.2022 0.8399
BMI(kg/m?) -0.0104 0.0072 -1.4386 0.1510
Drinking" -0.1404 0.0475 -2.9563 0.0033
Smoking' 0.0357 0.0473 0.7545 0.4510
PbB(ug/dl) 0.0271 0.0016 17.3052 0.0000
Model 2-with ALAD genotype
INTERCEP 3.4406 0.2030 16.9512 0.0000 448 0.49
AGE(yrs) 0.0042 0.0027 1.5568 0.1202
Female* 0.4209 0.0709 5.9397 0.0000
WD(yrs) -0.0005 0.0034 -0.1474 0.8829
BMI(kg/m®) -0.0116 0.0072 -1.6149 0.1070
Drinking" -0.1370 0.0472 -2.9003 0.0039
Smoking' 0.0452 0.0471 0.9577 0.3388
PbB(ug/dl) 0.0271 0.0016 17.4119 0.0000
ALAD1-2' -0.1676 0.0666 -2.5153 0.0122

WD : work duration
PbB ; Pb in blood

BMI : body mass index
ALAD : delta aminolevulunic acid dehydratase

ALAU ; delta aminolevulunic acid in urine

*Female(female vs. male) ' Smoking, Drinking(current vs. never&ex)

'ALAD genotype(ALADI1-2 vs. ALADI-1)
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Waldron(1971)& dAZ%=2 AEE dF5(lead
absorption)®t %5 (lead intoxication) <
B3l 8% A%, 8% A% 28a A AFES
Jellle 25 4% Sol Axld sidsa, dan
gy o] AFEZHQ 3 zinc protoporphyrin
ol\} 2% d-aminolevulinic acid, Z28la M4
b FEAA ] FHo] TR AHR o
itk st Waldron, 1971). ©1& A& A%
o} SEAlelole e #AZE o 35 ZPPY
85 ALA9 322 AU AdFFE FY =
gtk (Haeger-Aronsen, 1971; Waldron, 1980;

o
e



N

lotd S - des0t &

e

7lsAlEe| Artdoll RIS &

0
oo

Table 6. Multiple regression models of LogZPP with Tibial lead in lead exposed workers

Estimate S.E. t-stat p-value N R’
Model 1-without ALAD gentype

INTERCEP 4.3566 0.2387 18.2502 0.0000 448 0.27
Age(yrs) 0.0140 0.0031 4.5333 0.0000

Female* 0.1922 0.0820 2.3435 0.0195

WD(yrs) -0.0180 0.0045 -3.9795 0.0001

BMI(kg/m2) -0.0312 0.0086 -3.6437 0.0003

Drinking' -0.0757 0.0567 -1.3357 0.1823

Smoking’ 0.0815 0.0559 1.4590 0.1453

PbT3(ug/g) 0.0059 0.0006 9.3379 0.0000

Model 2-with ALAD genotype

INTERCEP 4.3849 0.2390 18.3496 0.0000 448 0.27
Age(yrs) 0.0139 0.0031 4.5012 0.0000

Female* 0.2023 0.0821 2.4635 0.0141

WD(yrs) -0.0177 0.0045 -3.9113 0.0001

BMI(kg/m2) -0.0320 0.0086 -3.7419 0.0002

Drinking' -0.0737 0.0566 -1.3027 0.1934

Smoking' 0.0891 0.0560 1.5923 0.1120

PBT(ueg/g) 0.0058 0.0006 9.2528 0.0000

ALAD1-2! -0.1262 0.0794 -1.5908 0.1124

WD ; work duration BMI : body mass index ALAU : delta aminolevulunic acid in urine
PBT : tibial lead ALAD : delta aminolevulunic acid dehydratase

*Female(female vs. male) ' Smoking, Drinking(current vs. never&ex)
"ALAD genotype(ALADI1-2 vs. ALADI-1)

Fischbein, 1992). 8% ZPP$} 935 ALAE A T 93 -E— Zﬂlﬂ-‘?—‘%

Ol A& gito] EAjstn AZEo] wpet F7F wh

StoE o]Eo] Y2 Fhol A9 FEE YERhle]  1998). 3—2:—? A 2oy 7]
a
O

FRSHS g Tof oz FAGE vwshs A5 3 AUlFFeld 23 Ao &&= Qs 4
7F grhelW s 5, 1989). ¥ dAFoME @ A 2 fAEY] uid 23 A3y dF A%
RN dF AT =5 dFo] EF ZPPY AR #do] itk B AFAME ARl B
9% ALASHE #olg o] siglen 538 di  Slo] foldh 43 (r=0.471)5 YERASAT.

A3 LogZPP$ LogALAUS O & AaAs Hu (19942 #Ha F d#el 10 ug/dl ©]3t
E Yepith wbde] dalhel dp8AxEs Ay A didddA 5 A% S dFe] AL
A 59 Fo ol ANt (p<0.05), FTEAA mAE TS A7 Ao Y
AT Hed 83 Aoy 2% A¥Te fod IS HUs] Hste] 8% A% Bo S 2e
7&To] fAsitt. FxA 9 AFE FH ook ?15}‘41 st Hu 5.

Aol Eol& AL Hdol} AR zAo] 2k 5 %  1994). EMEL BAZTEA Hdglo] wo] &
AE dolln UmAle Fx4 Yo AgdEn stu AZHt}h

| .= 5] =
ZANME 7= (cortical bone)oll FAHHE AL & o Hr Z}X‘jﬁ,gg Fojsle Aoz Almdd)
2AstE FE R A7 222 I 2 =

A o] o] F dFvto] AA3] ddo=z T}A /\ur e ote] FHEAHL G},

yel Aoz et (Masci 5, 1995). wet = 33 Heme TAFHe Fulx g -
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