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Effects of Factors Associated with Urine Hippuric Acid Correction Values
in Urinary Creatinine by HPLC and Jaffe Method and Specific Gravity
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ABSTRACT

Objectives: The purpose of this study was to evaluate the relevance of adjusting a urinary sample for urine hippuric correction
value and its effects. Urinary biological monitoring data are typically adjusted to a constant creatinine and specific gravity
concentration to correct for variable dilutions among spot samples. This study was conducted to evaluate the suitability of
adjusting the urinary concentrations of urine creatinine and specific gravity(SG).

Methods: We measured the concentrations of hippuric acid, in spot urine samples collected from control(119), case(120)
individuals. The value of hippuric acid was adjusted by SG and urinary creatinine(HPLC & Jaffe).

Results: The major results were as follows. The concentrations of urinary creatinine and SG for the control group were 1.84
g/L(SD 0.99) for arithmetic mean and 1.56 g/L(GSD 1.86) for geometric mean by HPLC method, 1.57 g/L (SD, 0.82) for
arithmetic mean and 1.33 g/L(GSD 1.85) for geometric mean by Jaffe method, 1.028(SD 0.09) for arithmetic mean and 1.02(GSD
1.06) for geometric mean by refractometer. Hippuric acid levels were 0.40 g/L(SD 0.51) by arithmetic mean and 0.20 g/L(GSD
3.59). In that case the exposed group was 1.40 g/L(SD 0.58) for arithmetic mean and 1.28 g/L(GSD 1.55) for geometric mean by
HPLC method, 1.27 g/L(SD 0.56) for arithmetic mean and 1.14 g/L(GSD 1.62) for geometric mean by Jaffe method, 1.045 L(SD
0.27) for arithmetic mean and 1.02(GSD 1.13) for geometric mean by refractometer(P<0.05). Hippuric acid levels were 0.67
g/L(SD 0.79) for arithmetic mean and 0.39 g/L(GSD 2.94)(p<0.05).

The urine creatinine concentrations were affected by gender(p < 0.01) but SG levels were not affected by gender or age(p>0.05).
After adjustment, urine hippuric acid was correlated with creatinine(HPLC & Jaffe)(r=0.723, P<0.05, r=0.708, P<0.05) and
SG(r=0.936, P<0.05) and the control group shows significantly higher than the case group. In the case group for adjusted urine
hippuric acid was correlated with creatinine(HPLC & Jaffe), (r=0.736, P<0.05), r=0.549, P<0.05), SG(r=0.549, P<0.05). After
adjusting urine hippuric acid by urine creatinine(HPLC and Jaffe method) and specific gravity, significant associations were found
between the control group and case group, respectively(r=0.832, P<0.05, r=0.845, P<0.05) and (r=0.841, P<0.05, r=0.849,
P<0.05). Specific gravity adjustment appears to be more appropriate for variations in the urine creatinine method.

Conclusion: we found that urinary creatinine concentrations were significantly affected by gender, and other factors and that care
should therefore be exercised when correcting urinary metabolites according to the urinary creatinine concentration in spot urine.
It is determined that additional study is needed for biological monitoring.
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Table 1. Distribution of participants in each gender, age in this study

Characteristic Control Case
Male Female Total N(%) Male Female Total N(%)
Sex 75 44 (63%)/(37%) 103 17 (85%)/(15%)
20~29 26 0 26(21.8%) 4 2 6(5.0%)
30~39 16 2 18(15.1%) 28 3 31(25.8%)
40~49 10 9 19(16.0%) 30 4 34(28.3%)
50~59 12 16 28(23.5%) 29 6 35(29.2%)
60~69 9 13 22(18.5%) 10 2 12(10.0%)
70~79 2 4 6(5.0%) 2 0 2(1.7%)
Table 2. Urinary creatinine concentration(g/L) and specific gravity for control group result
Mean
Age group Sample Hippuric acid HPLC method Jaffe method Specific gravity
(N=119) (HPLC) Crude Adjust Crude Adjust Crude Adjust
20-29 26+2.30 0.34+0.42 2.65+1.18 0.14+0.18 2.2440.82 0.16+0.20 1.022+0.004  0.35+0.43
30-39 18+2.83 0.21+0.23 2.00+0.81 0.09+0.07 1.73+£0.69 0.10+£0.09 1.020+0.005  0.21+0.20
40-49 19+£2.13 0.24+0.18 1.35+0.75 0.20+0.13 1.12+0.66 0.26+0.22 1.016+0.005  0.36+0.28
50-59 284+2.64 0.60+0.56 1.64+0.93 0.40+0.33 1.42+0.81 0.46+0.37 1.054+0.189  0.68+0.56
60-69 2243.35 0.51+0.70 1.49+0.51 0.32+0.34 1.29+0.46 0.38+0.40 1.019+0.035  0.59+0.69
70-79 6 £2.40 0.45+0.71 1.53+1.08 0.33+0.62 1.28+0.90 0.39+0.73 1.019+£0.004  0.50+0.81
Total 119 0.40+0.50 1.83+0.99 0.25+0.29 1.57+0.81 0.29+0.34 1.028+0.092  0.46+0.82
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Table 3. Urinary creatinine concentration and Specific gravity for case group result
Mean
Age group Sample Hippuric acid HPLC method Jaffe method Specific Gravity
(n=120) (HPLC) Crude Adjust Crude Adjust Crude Adjust
20-29 6+2.16 0.64+0.52 1.57+0.83 0.47+0.46 1.47+0.76 0.47+0.42 1.022+£0.005  0.67+0.53
30-39 31£2.53 0.81+0.95 1.51+0.63 0.56+0.60 1.35+0.65 0.75+1.11 1.0184£0.006  1.09+1.07
40-49 34+2.98 0.68+0.57 1.41+0.55 0.50+0.58 1.28+0.58 0.68+1.24 1.108+0.517  0.86+1.11
50-59 35+3.37 0.59+0.97 1.31+0.53 0.39+0.38 1.20+0.43 0.44+0.47 1.020£0.004  0.63+0.77
60-69 12+2.43 0.51+0.34 1.20+0.54 0.46+0.34 1.08+0.55 0.59+0.52 1.019+£0.035  0.69+0.60
70-79 2+1.41 0.38+0.47 1.54+0.74 0.37+0.48 1.43+0.72 0.40+0.53 1.026+0.005  0.41+0.53
Total 120 0.66+0.79 1.39+0.58 0.48+0.51 1.27+0.56 0.60+0.92 1.045+0.27  0.82+0.94
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Figure 1. Changes of urinary creatinine concentrations in each gender by control age group

off

Fl[‘

T 0.64 g/Lo|QlT, HPLCE AA|3F Z#|o}E]
L= 1.57 g/lL(XA %,k047g/g Cr), Jaffe method
gk 32 1.47 g/L(EAZE 047 g/g Cr)H]SA
83 QH|Zo| A 1.022(0.67 g/L), 30Tho) A=
Al AHEH s E= 0.81 g/Lo|lal, HPLCZ Al
AlgE AgotEld == 1.51 g/L(EA7E0.56 g/g 2
glolEld), Jaffe method2 A3 Zh-2 1.35 g/L(EA
075 gg CoHIFAE o83 QH|FA=
1.018(}2 7 7k:1.09 g/L), 40tho| A= mhie Al At ot
=T (.68 g/Lo]9a, HPLCE A3 I goteld
T 141 gL(EAZE0.50 g/g A otE|Y), Jaffe
method2 EA3F 7H2 1.28 g/L(EAZE 0.68 g/g Cr),
HZAE ol gdt QulFoAE 1.108(E %3086
g/L),50to A= thieAl AbEHatsEE 0.59 g/Lo]
¢l31, HPLCZ AAJgt Agoteld Hx= 1.31 gL
(237039 g/g A o] ), Jaffe method=2 45
%}I\-O

fe ofr
>

me kot Bl

o
ID

1.20 g/L(EA4F 044 g/g C)HIFAE ©o]&3t

Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(4): 493-505

fR]Fol A= 1.020(2 7 4E:0.63 g/L), 60t A= nf
A A E T 051 gLo|9al, HPLCZ AlA|s
AFoleld = 120 gL(247k0.46 g/g = o}E
), Jaffe method2 EA43F 72 1.08 g/L(EAZE 0.59
gg CMITAE o83 fulFodAs 1019274
%50.69 g/L), 70l A= mhAl Ak ts e 0.38
g/Lo|9)3l, HPLCZ AlAgH Adoteld sk 154
g/L(EA750.37 g/g A otElY), Jaffe method= H-4
T FES 143 g/L(E73k 040 g/g Cn) HISAIE o83t
Qu|Zo| A= 1.026(HAGE 0410 gL)o& vkeyich
2atdt =S50 thAdAE A9 HlaoA] HPLC=
AT ol A Ed e HAR 0] 1.83 gL,
1.39 gL, Jaffel}lo g B3 Fgoledsrss 1B
A 1.57 gL, 127 gLog k= vehar glgich
ArtA o ® o A oted ] ujdwrS T &
ol dFe ot 2uFEt= #H35, 94d0] o
Aoz deA glof(Baxmann

Ect gl we

http://www.kiha.kr/



498 27|14

Table 4. Creatinine and specific gravity result for summary by gender
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All Control Case
N Mean p-value N Mean p-value N Mean p-value
male 178 1.724 75 2.129 103 1.429
Creatinine(HPLC) P<0.05 P<0.05 0.08054
female 61 1.309 44 1.345 17 1.215
male 178 1.522 75 1.821 103 1.304
Creatinine(Jaffe) P<0.05 P<0.05 0.05352
female 61 1.119 44 1.139 17 1.064
) male 178 1.037 75 1.021 103 1.049
Specific gravity 0.4592 0.1919 0.1527
female 61 1.035 44 1.041 17 1.019
Table 5. Creatinine and Specific gravity result for summary by age
All Control Case
Slope Slope Slope
(p-value) R-square (p-value) R-square (p-value) R-square
Creatinine(HPLC) -0.020427 -0.025439 -0.009049
(Total) (231e-07) 0.107 (5.04¢-06) 0.1636 (0.0684) 0.02786
Creatinine(Jaffe) -0.017055 -0.021042 -0.008059
(Total) (3.87e-07) 0-1032 (3.85e-006) 0.1673 (0.0971) 0.02315
Specific gravity -3.211e-05 -7.271e-05 5.649¢-05
(Total) (0.229) 0.006143 (0.016) 0.04901 (0.264) 0.01067
o
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Figure 2. Changes of urinary creatinine concentrationsin each gender by case age group
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oFQFtH(P>0.05)(Table 4).
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Table 6. Distribution of urinary creatinine and hippuric acid concentration by HPLC & Jaffe method ; (AM, arithmetric mean; GM,

geometric mean)

Control (N=119) Case(N=120)
AM(g/L) SD GM(g/L) GSD AM(g/L) SD GM(g/L) GSD
HPLC 1.84 0.99 1.56 1.86 1.40 0.58 1.28 1.55
Jaffe 1.57 0.82 1.33 1.85 1.27 0.56 1.14 1.62
Hippuric acid 0.40 0.51 0.20 3.59 0.67 0.79 0.39 2.94
Table 7. Distribution of urinary Specific gravity by Refractometer; (AM, arithmetric mean; GM, geometric mean)
Control(N=119) Case(N=120)
AM(g/L) SD GM(g/L) GSD AM(g/L) SD GM(g/L) GSD
Specific gravity 1.028 0.09 1.02 1.06 1.045 0.27 1.03 1.13
Density of Creatinine(HPLC) Density of Creatinine(Jaffe)
a _ o _
o | o | I
o =
*red = Control
2 o *blue = Case 2 o
2 IS
3 = a = |
(=) o
o o
o o
o | ﬂ—rrm I a |
e [ T T T T T T 1 = [ T T T T 1
0 1 2 3 4 5 6 7 0 1 2 3 4 5
Creatinine_HPLC (g/L) Creatinine_Jaffe (g/L)
Density of Hippuric Acid ) ) )
Density of Specific Gravity
I = =
0 _ o .
=2 _
%; = 5 I = s |
H a}
0 | \ &
o o
o | 8
R e e e | S T T T 1
0 1 2 3 4 5 6 1000 1010 1020 1030 1040
Hippuric Acid (g/L) Specific Gravity (mg/L)
Figure 3. Density graphs of Creatinine, Hippuric Acid, and Specific Gravity
715FE+2 1.56 g/L(GSD, 1.86), Jaffe WO 2= At 0.51), 7|3}H+S 0.20 g/L(GSD, 3.59)& 7—,1'7]' e}
=%gqto] 1.57 g/L(SD, 0.82), 7|51t 1.33 g/L(GSD, Wtk l=Ete] HPLCE o83t Adotede A=
1.85)0]H, v} AHHPLC)S A& 0] 0.40 g/L(SD, o] 1.40 g/L(SD,0.58), 7|5} -2 1.28 g/L(GSD,
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Table 8. Correlation with urine creatinine and specific gravity

Urine creatinine(HPLC)

Specific gravity

Pearson's correlation coefficient (p-value)

Pearson's correlation coefficient (p-value)

All Exposure Control All Exposure Control
. .. 0.08867641 0.183278 0.05603319
Urine creatinine(HPLC) - - (0.08591) (0.02255) (0.2725)
Hinpuric acid non adiusted 0.151458 0.3064192 0.1781956 0.1351186 0.1581411 0.01917377
pp J (0.009571) (0.0003323) (0.02626) (0.01842) (0.04226) (0.418)
Urine creatinine(Jaffe) 0.944692 0.8887495 0.969396 0.1182552 0.2134924 0.05326354
(< 2.2e-16) (< 2.2e-16) (< 2.2e-16) (0.034) (0.009609) (0.2825)
. N . -0.1441221 -0.01662911 -0.166775
Hippuric acid adjusted(HPLC) (0.01294) (0.4285) (0.03493) -
. . . . -0.0673333 -0.0820388 -0.0707447
Hippuric acid adjusted(S,G) - - (0.1499) (0.1865) (0.2223)

1.55), Jaffe WP 2= AeE o] 1.27 gL(SD, 0.56),
7882 1.14 g/L(GSD, 1.62)°]9]t}.

b A(HPLC)-S tj Zstol| 4] AkeEato] 0.40 g/L(SD,
0.51), 7|3t E 2 0.20 g/L(GSD, 3.59)& Z}7} AnE
Ko glom, oA Ak ato] 0.67 g/L(SD,
0.79), 718FH 2 039 gL(GSD, 2.94)2 zFzF vyepytct.
{8]F9] s Qo Zo| AEEE skl 9l
a3, Rt Aol 1.028(SD,0.09), 7|8tH

1.02(GSD, 1.06), =2 AF&Egto] 1.045(SD,
27), 718842 1.03(GSD, 1.13)2.2 et o
ZoRT eEdo] oF 2%=skou ok Afol=
&1 3 th(p-value=0.265>0.05).

8% Agoteld ¥ eu|F SA3Y] AL
S Table 831} Zth HPLCE EA3t 2% A dolgyd
I QHFE EEdoAE Fog AT A%
A 9Hr=0.183, p< 0.05), 2ol A= dol gl
tHr=0.056, p>0.05).

HPLCE HEA3t &5 Adotelde 4¢ =&+t
oA BE B A alkAil(eE 1=0.306,
p<0.05, t)Z+- r=0.178, p<0.05) L Jaffewly] 9=
Aol d(eEt 1=0.888, p<0.05, TR = 0.969,
p<0.05)3 F-olgt AdHAE veERaL Qlick i
[H|F9 AL =E&doAe B A vhieil(r=0.158,
p<0.05) U Jafferd¥ Q% Fa|ole]d(r=0.213, p<0.05)
T ot A AT UAAARE 2ol A= F A
T B Aol ok EA A whxilk r=0.019,
p>0.05, JaffetH Q= I oleld: =0.053, p>0.05).

BA 5 vhibape] $AE Hw, HPLCE 4%t

Mo x2

=

http://iwww.kiha.kr

8% AYotedy}t Ao g2 AR vhAhS kSt
A= AAlo]l AR TH=-0.016, p>0.05,) THRT
oAl A Folgk AIIAZE AATHr=-0.166,
p<0.05). 885 QH|FOE BAT vhrAke wZt
I oA BE Aol fidth(leEt =0.082,
p>0.05, g2 1=-0.070, p>0.05). = HPLCZ A4
gk 85 AdotEde] A A Fo= iRt A
= e Ae] A AZE FAIE AT, a8jEe] A
¢ By Fols k&5 giR2olA BE uhke Ak}
o AT gl AL & 4+ AUMh

W

A EO] BAC] GRS mAL 2elg o}
27) §l8) B2 dzgel Us) 2% Adoted
B} 2 uFor AYHARLS A

g0 49 HPLC ot} Jaffe w4 o)
Aoty Gro® BAT vheitl & uFoR B
A vhabATel e 247E folet AuuAE vt
A= ALS 2 (r=0.832, P<0.05, 1=0.845, P<0.05) YE}
e,

1= o] A HPLCZLeo}e] W3 Jaffergii o] Zeijo}
Hy gro® AT vl @ vFom BA )
ARl A =EROIAE 22 Folg A
£ 7 A= Ao & (=0.841 ,P<0.05, r=0.849, P<(0.05)
Urebgteh(Figure 4).

Adlotel o] nhdl Ao Fi FFS W
9)ste] B7RAS] A e HYuPL 19
2 EESYTh 2z XFL By A vhe

(RN SIA

Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(4): 493-505



HPLC2} Jaffe methode| 2F 3 2{|OtE|l ! H|ES0| Of= At 2XZt0| O|X|= 202lo &&t o7 501
Control Control
(o} @
T ®
B =
< L
00 05 10 15 20 25 30 00 05 10 15 20 25 30
HA adjusted by SG HA adjusted by SG
Slope (p-value) : 0.51206 (P<0.05) Slope (p-value) : 0.608190 (P<0.05)
R-square : 0.8317 R-square : 0.8445
Case Case
&} : o 97
g o &
L -
z o .
% - E pvd:
s °© ® o °
< e T T T T T
0 1 2 3 4 5 8 0 1 2 3 4
HA adjusted by SG HA adjusted by SG
Slope (p-value) : 0.49643 (P<0.05) Slope (p-value) : 0.90712 (P<0.05)
R-square : 0.8408 R-square : 0.8488
Figure 4. Correlation with adjusted urine hippuric acid by urine creatinine and by Specific gravity
Control Case
0
= = -5— by HPLC
g | [25F ByHRLC w - |~ by dafte
° : - 55?‘(‘; s - bySG
& o 7 g < -
T | =]
g - 3
% o | s
7 k
v | -
o
g - °
T T T T T T T T T T T T
00 05 10 15 20 25 30 35 0 1 2 3 4
non adjusted hippuric acid non adjusted hippuric acid
Control Case
Slope (p-value) R-square Slope (p-value) R-square
HPLC method 0.49281 (P<0.05) 0.7238 0.55050 (P<0.05) 0.7361
Jaffe method 0.57465 (P<0.05) 0.7084 0.86520 (P<0.05) 0.5497
Specific Gravity 0.99847 (P<0.05) 0.9367 0.98309 (P<0.05) 0.6881
Figure 5. Changes of urinary hippuric acid result for correction in each method by HPLC & Jaffe method, S,G
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SEolH, YEL WA & uhedt SRS Ui
2ol A A oteldeE2 B3t HPLCS} Jafferd
He BE olg ATEAS 71Avl(=0.723,P<0.05,
=0.708,<0.05), £ W] WAT Aol A
o] 7}4 =e Aoz LJERIA(r=0.936,P<0.05) o=
uhieAt A2 2 Wolsks gl glo] ERdle] wi
Hx] oo gxz Age] Aeds a wEomel
Ao 7 folghe ojujaith 2 ARoA =
2ol AdotedoR BT HPLCRLO] 47
Ao 7F& =gtomn (1=0.736, P<0.05), Jaffer}H-o
A o] thAa WA YERG S 1 (1=0.549, P<0.05), &
MZog B Aol fxwe] va) we A
2 Ho|al 9 ATHr=0.688,P<0.05).

E2qlo] Aa) wEEX o d Rz o
MZ0 2 BAR bt SEATL oheAl 2
w2 A2 g folgt ARBAS AR Qo
U, w&aolAE HPLCE 243 Adopgdos
WA gro] QulFol Hla) uliAt A2 @y AT
94 o

Bt 71 FoeL tehla ASiekFig. 5).
V.3 &
AAY oGBAY SF W AY KRS soksie
g glo] 8% Zdole el GFe e Fasteh

4 gk We AFA 8% FAdotedom 1
Ae B9 sEst mAHA) g B bEnc
g AAlo] =t B x|l QIth(L.Alessio et al.,
1985; Kim et al., 2011). A~®¥ojA] creatinine’x* =
AREA] oS Hrksal dRbd e g AV]eS Al
A S 83 Aol ul, LAY ol 7HE F
sof oF 80%7t HjE| T, MuwTE Bkl oF 20%
A=k A e], O ujdero] vma AAske 49l
9] 3}F v Ad=FE 1.0~1.6 g(15~25 mg)kg AZ)olth
(Sheshadri Narayanan & Harold., 1980; Chadha et al.,
2001; Lee et al., 2010). 8= wjdHFS 2 ZL=1-9
Adotd FHHES FD)ol vl siA AolA=
AF kgd AL LAl AAkel o7t AR ek
o FFSE wol] WA= YetHCarrieri et al,
2001). weta] Aoteld HAGA = v FHGZ| e} af
AR, 2 ujdREe] Hgo]| g g AA &
o= Qlof, Aot dujddor HA 4 &%
F 9} AFkAl o] £ O 1(Kim et al.,2012) E5-7 Z o A]

http://iwww.kiha.kr

lo e

A7 F718EEo tAMEE oA A4 5
2 s = AR 24& Aot dolu HF
o8 A o BAAINE ItfE mg or gLE
HASl] ALgSIE GTh EARWORE 458
B Jaffe WHOR Qe ALET A o5 e
9] BEolrl o Aoz A4 A Qlon(L.Alessio et
al., 1985), Aol A A oteld skeof g0
A SQlof, &% Afoll= 3|Asfof st MARE
o8 Al 5O Avfe] HEAY lo] wHiL
Utk 252 HPLCE o|&35to] 24517 %= shA|Ht,
AeotEdE 53] QA9 FHA ko] ot JF

A7) wizell Aol whet th2ar, Aol weh =2
Seld 4 otk QeHHOR At o 2
Sl Bl 2ol 25 Aol Fxx dAt
AxpET & Aoz 7Hd + Uk

2 AFoME 2% AYotEdE MEHow A
&l 9= Jaffe modied method2 F1HE H| 1 3}o]
&, Waie] AW 2F Jaffe HHOZ 24
AYote| A5 =7t thxTolA= 1.82 gL, =&+
ofAd= 1.30 g/L, AA| AFeHAF O 2= 1.72 g/Lo|3]
o}, 8% Jaffe YO R BATH ofzpo] Aot d
Akt FE7F 2ol A= 113 gL, =Eatoll A
L 106 g, AF ALBEFoRL 111 gloz,
U7t 9% ey w0 Aot FAHOR wE
o8l e TH(p<0.05). W= E R e]AllE| (Centers
for Disease Control & Prevention, CDC)o]| 4] Al A|3t
Al 32F vl A7 Y FEZAHNHANES 111, Mage,
et al.,2004)°]| A non-Hispanic black®] Q% Ao}l
7t FAIAL82 gL, o{Afoll A 151 g/Lo|RlaL,
Maxican American®] Q% I g|o}El LT Uxjo) A
147 gL, ojzpoll A 117 gLz Lhephal o] ol
Bt} =7 Yyelgdti(Mage et al., 2004; Barr et al.,
2005; Kim et al., 2011), 2} ate} v)5=3t A3k
Hojz itk auyete)(Lee et al., 2010)9] A
Aol A FAe) 4hEgd 8% AdotEdEsErt
132 g/Lo|lal, ojAbo] 4kt 25 Aot ds
=71 093 gLz YebA H A3 fiR9) 2.13 gL
Hobes thar W& 2d4E Holar Uitk

et =1 6,286 ko= AAIRHJung et
al, 2012)9] dA+4%F 2% AdotEde s 4
o] 1.85 g/L. oJA]21.30 g/Lo] AXE Ho|al glof,
2 A9 izt AgotEda el 1.82 g/L, %4

@tz oo
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L13 g/LA3e} Apo)7h glga& HolFal ATk
2=ty mEte] B A4S vlaLel Al HPLC
2 AANRE FdotEd Alegitsie EAAY
1.83 g/L, 139 g/L, Jaffe} ] 02 B3 Zgole)d
e BEAA 157 gL, 1.27 gLog Z+Zy yeRY
A, g2 Feoted 7t 2EdtEY A4
o0& §9l517] =QtHHPLC] 7% P<0.05, Jaffeo]
79 P<0.05). o] AL T2 3040|817} 24%, 50
A oFE 47%3} mE T A 304 oI5k 6%, 50
Alo1at7) 41%2] #pofof o7t o= AZbEY, o=
Ak FAFE kEwto] 2wt W Eo
FaL UThP<0.05). 8.5 A oteld] 9
€ E 0E 892 AEFABMI), 445 YH
0l FAT oo, 2Rz Solu(Lee ot al,
2012), ofofl whe} AR AYaba|, P, A, B
FA, e dH S ol aclel ofs) AerEd
e WE & Q7] "l ¥ HPLC =&
Jaffe o2 AAH= Aoted daE 259
sheled By d¥How AgHE AL AwA

F& v

E= LWE *PEEM th Al 5 «1 A= o] it
HAFE7 ASAET A ddE o] S+47
9 B7tel Akt A °F7]§ T ens o
o Eﬂﬂ FT FEHEAT 29T AoR wrhdrh
AT A 2% Pheihe] 9 ET?ﬂoﬂ s =
EEW 92 ti2a-S HPLCE AAEH vkl A
W5 E 040 g/1(SD,0.51),7]3FE -2 0.20 g/L(GSD,
359)8 zbz ATE RHoZI glom, ALFPIS
Jaffe method2 EAJ5F I olg|Ho 2 HASH ufie
e 0.29(SD,34) g/g CrolQith. oAl AA|
H 2t mheAl A9E Hw, 24 A(Chang et
al, 1996)9] 29 25 vhkAl X9 Ho|
0.289 g/LETh= th4a =9kal, RAS ofA=(Lee et
al, 2004) Thic Al HiAEES. HEEQ oA 0.49 g/eCre
Hola qlglen, 150 mg/dl ol A3 « olA=
0.68 g/gCro] 4~x]& Holal glom, (Kwon et al.,1997)
oAl =2 DD9] 0.55+0.56g/g Cr v]==3F A=
Hola Qgitl 7|5t E S 2 5(Chang SS, 1996)2]
0.248 g/g Cri} vl AyE 23 QUqlek 8% o)
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H H[S0| ot={ BFZL0| D[X|= 2¢olof 25k 7 503

AR W], ALE, LA, A, WA o], B
2 5o WAt Fa0) SAW ohe} ofe] FR
of ohalghate] R SR Aol YAME Foe

LSSk BC I Y
ol 1 oFo] =7}l Z(Villanueva et al.,, 1994) S
2 od#A Uk

Eo A At ato] 0.66 g/L(SD, 0.79), 7|59
& 039 g/L(GSD, 2.94)2 7H7F UeEpkon] Ak
2 Jaffe method2 EASH Fgolg|ldo =z HASH
e ARES 0.60(SD,0.92) g/g Cr,o. &2 YER} =St
I} 2ol A FJ3t AfolE Holal IIThP<0.05).
L3S ez 3 7]E9 vhdt AFA ko)A
(Kim et al,. 1989)7} Kim et al.(2001)] Z}z+ 1.3 g/L,
1.5 g/lLETE ¥ FHro|lom, Han et al.(1993)9]
AAFR 5k 2.12 gLET @efar, 2 Ao o
S 2ol Axfel 0.62 gLl vE S
o|aL qlof, o]t AE Hols AL =&Y
o+ ASAA AL £ o A
AAE R oH, AZQFAZ|7E H 2L ofutg
= xo]‘}\‘1 2AdEmd AlRE AR W
o] %] U Zo] =EFY mhdl T A
of mA= Y} FFom T|QlETha wetEh
i W 5/\1011 Zol A+E o] Bt & H|
o AtEBde d2dY dA 1.021, oA
1.041, %“—4 ‘é‘*é“zl 049, o4& 1.0190.2 ek
won, SAHOR w2y Rt oA {9
gk Aol (S EP(P =0.265>0.05). o] o w3}
o WM E 2T} eI HFoA F71st
Ak st WS BAEA gtk 2 vF
TAZLE A910]1.001 ~1.020(Z=A] L), 1.015(Riciun
et al., 1997)~1.018Q24A]7-2)0] ], AlAlok= 1.002~
100402 Fd o]doA= vlFo] i FaEch
8 85 ¥ = =4 Tt =% AR
Q4 =g}, ozl NaCl, sod. biphosphate 5©]¢]
A(Vimal et al., 2001), & H|=of gt 4] =F2&
WA grol Hlwsh7] o glon, & A9 29
e APA TR E Qu]FoFE HASE 0.46(SD,0.82)g/L
=(Kim et al., 2001)2] ZFFAIZEA HA &9l 0.30
gLyt o & 73S Ho|m(P<0.05), =EtollA
08250942 e e lgiow, °1—t—
(Han et al,.1993)9] Qu|=E o]&3le] A 1.1
g/LETh=s e Aeko g #aw| 9l th(P<0.05). & ﬁ
7o) Haas g e wElA 6% Adord o

Hﬂ
-*ﬁ-{NmSHI

(

ﬁl:
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aujF B A9 AT glglen, o]z ¢
21 8% AdotEd o] A, i3zt Qo] &
A kol FAA QL ool AlaL, EF AdotEd
of wjg 8% A olgldo] W =(sensitivity)7} T}
& "olE Aom AZEN, 2% WA A7}
Has Aom Az

o
5
rl

1. 9= Adolgd sx = HPLCH o] Jaffer)H
wrp BAdoR fojalA BROUP<0.05), 2%
ohiAl BAsES Aot o] W] whet £9f
3 ol 7h §UTHP=0.05).

E2d wiPolAE HPLCZobed Wy o]
Woll HE AwBATE 714 E01HP<0.05), o
£ Quat g 5o Ggo] AL o uFo|
Fgolg AREAE YR QllTkP<0.05).
2% QAR vl 5o AR AuE

3

=

o

AT AR o] W] oish ofake 7ok
3= 3]

I

™

W Gane] Aol AlxFor I I Aow
]
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