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Influence of Epinephrine and Norepinephrine on the Risk of Metabolic
Syndrome Occurrence in Workers Exposed to Hazardous Chemicals

o)

I. M =

A3 (metabolic syndrome, MetS)<
DY, A2Y G, dedAGE F HRt 55
AdaA A AddAEe] L8] TRy
A< 7Kz itk (Haffner et al., 1988).
MetSe] F=21% 542 HDL-cholesterol 7+45
3 FAAEE 7S BElte Aotk (DeFronzo &
Ferrannini, 1991). Aol 29 ko] 22 A
W & 4ol ofsle] HalEo] FElA Wik (free fatty
acids, FFA)<] %EE S7WI71Al ", FFAS 57}
= UEde] 7eE A IIEHETE e R
A ”ﬂ%/‘}g} X]”?J @”‘éiﬂr el dEE mzih
BAS BEsE st
= A9l 1= 3} (Landsberg et

al., 1991). J&d A=A A¥ITS w34
gd3te} 417%49)A epinephrine(EP) #H|el| tigh =}
A 9&E 3, EP9 norepinephrine(NEP)-&
oA Fo] Fg3 SR F4ks) “}9“’1] R g
o 24 Ao oA LR Fad d3E she e
2 gAY (Cryer, 1993). EPS} NEPE F541727
A=l ol EPE HAl(adrenal gland)ollx
NEP= wRIZA deto|A v Ec), ulahA T—ir
7AAle] Wshks EPS} NEPO| 2Hlol A 43
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wEbA] ABAGEDS XT3 neuropeptide T2
E«l YA = HilE AIA(Qiu et al., 1996),

«d3 3 EH/‘}(Klemrldders et al., 2009), <y
X] Al 2 2 (Ames, 2000) Tl F&FS v
Serotonin, dopamine, EP$} NEP &< 424 &
T ol EA| F&A9 o] FH|, o] A

o 7l g4 A 79| YFE ‘?:LOD%(Lima et

A=Y

715A1ek Al A (signal transductlon)oﬂ HoJ st
£ cytokine(Gillis et al., 2007)% AAAGEZD &
7} U3 FHo] glom (Husain et al., 1980) o]
5 B9 Wge= FFAAEAL JleAset &4
(Mutti et al., 1988)& doA duAsEw &7
#Ao] & Ao Buxz it}

A= SFANAAL ARG A | FTF

< FE 29 styrene, toluene ¥ xylene 52
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o]} styrene, toluene 2 xylene 52
&F8l4=2A (monocyclic aromatic hydrocarbons) &
Aol =EHE ¥Fd B4 224 808, dx+ U
e falgteEde] wEHA e Ak 9 AR
A v B 2EA TTHE AR ST o
ATE IR RATTE AP EAA L] A
43 AHeE AX A , W A
slo] ZEAA A5 ! 7TE} A WAL
A8 A sta Aol HAE 5
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Az stk AAASS
plus II, ALet]Z) & ©]&3to]
< Qs o 107 A= S A
=513t} Met S
Cholesterol Education Program’s Adult Treatment
Panel III Report(NCEP-ATP III) o}Alel-efs <k
@71#(2002)& A 8stlen, olgfoA AAlsh=
Ja 5 3 ol sldEe AR sislvh

w7 G2 >90cm, 3AF>80cm
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A
fus

Atz 3|2 A19¢8 A1z (2010)
Aud=A et ZE HEES GA 40 mg/
de, o=} <40 mg/de
28AFEF7] Z2 o184 >130/85 m/Hg
TEID) 110 mg/dl

3)

4)
5)

=i

=~

2) AAYsle2 AL, Epinephrine

s

Norepinephrine =3

A A eF 104158 AEA(08:30-10:00)7
A ZEGHNA APste] 1412 ool A& w2l
o, YeRHE Adds st oAl @32
Roche AFe] COBAS Integra 400 Asietrlg#417]
(Roche Diagnostic LtD., Rotkreuz, Switzerland)
g o]&3te] MetS YA EFEZ MetS AR

ZY28E, HDL-ZH28HE, LDL-ZdXHE,
A B FRIET 5= ST EPF NEP=
boronate affinity gele] ZE®¥E plateE o]-&slo] &
A FE3t] acylation@ & AX ¥, ELISA
kit(LDN, Nordhorn, Germany)Z °]&3t] kit Al
ZAol| A A|QEgE Wi wel £4938 T3, microplate
reader(Tecan, Salzburg, Austria)S ©]&3dle] 450
nm® 630 nmelA & Eie=

=
S

o2 =
JeE =4

Gilian, USA)E ol&3led ZRea, 412 wl==gdit
Aok B AATA(National Institute for Occupational
Safety and Health, NIOSH)<l|A F33dl= Method
1501 W3k gsleif A1 (1996) o whet 4
AlelAtt. Styrene2] tAMHEQl mandelic acid(MA)
¢} phenylglyoxylic acid(PGA)E Ogata 5(1998)
o] Wl 93te], toluene®} xylene?] thARHEQL
hippuric acid(HA)$} methyl
Carvalho 5(1991)¢] WHo= EX3t & creatinine

o7 HAsle] wjd TS A=s3n).

hippuric acid=

3. X7 24
ARA T g AEEAL version 12.1 SPSS

EAZE 33 (SPSS Inc., USA)S o] &3] A3

9. mE Ame 344 AFETAAR EAHY
T, ttest® ANk wEEH chETt durA 54



o|N

2 AR B4 drSsFT AR x5 st AA
A7l 5o Aol AFIAT. AAETS] AHBA=
Pearson’s AR S B3l AT o, A
Ftoll 4gS PR E 802 Us 2A~EH IHEA

& AN

Hzad &30 ddxRke] Eadde 40.54¢
39.2M2 F =7+ A7} flth tlE2w T =& o
AL T SFARE 84.4%(65%) < 76.2%(617), Tt
AHon $HE AASE AR 59.7%(469)9
52.5%(42%) 2 7t Apol7} gllen, AFH= vz
T =ET] oA 42 Ed 21.1 A 21.28 0
T 23 ApolE HolA] FUTHKIE 1), F =3t 27
o] Aole fou, 19 TFAIZS tiRTelA

=]
B 9.7 R 2T 8IAMREY felsH W

ir/dde __ wee08) dEe(78) o
A7 (d) 39.2¢ 9.1 40.5¢ 9.5 0.384
kA

HlFAt W(%)  19(23.8) 12(15.6)  0.201

o 65 61(76.2) 65(84.4)
FEEETH(g) 110.5£104.2 118.8+132.5 0.669
53
A & 42(52.5) 46(59.7)  0.364
S B 38(47.5) 31(40.3)

21.2+ 2.88  21.1+ 2.80 0.874
135.9+ 92.5 129.5+ 88.2 0.658
s 8.9+ 1.3 9.7+ 2.1 0.006
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L& tdAs F& styrene, toluene 2 xylene
o] € e falzEAd wEHa dneH,
styrene?] =EF¥EE HT 0.04 ppm(H$, 0.00-
0.68) .24 thAMIES wragity) ddFe]Sagat
< 742k 0.02(89%1, 0.01-0.04)<F 0.02(8¢1, 0.01-
0.04) g/g creatinine°|At}. Toluene®l B =Z%
Zob tiARHES] whAike] v e 0.14 ppm(0.01-
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0.75)3 0.29 g/g creatinine((8¢1, 0.01-1.02)°1%
I, xylene® x=ZFFES thAHERQD wEnbishe] w
Ade Z2F 4.25 ppm(HS1, 0.01-39.44) 02 =4
HAk ol falgetEde] = 2 dibEe
e =B XA Hide =F 5187]FH
(threshold limit value, TLV)$} A&t =27+
(biological exposure index, BEI) °]3t&2 =453
o, EFxE FF FId EF=EA5(exposure
coefficient of mixture, ECM) 7]|FX|(1=ECM)<]
1/10 o] Agzel] =251 AATKE 2).

(F 2) ==7 taxtel rafjstetE2d o
fralsist=4 HEs= (")
Styrene

71% =%¥%%(ppm)
A w4 = (g/g creatinine)

0.04(0.00-0.68)

=l 0.02(0.01-0.04)
Hd =] 54t 0.02(0.01-0.04)
Toluene

71% &&= (ppm) 0.14(0.01-0.75)
tAHHE vl #H(g/g creatinine)
n} Ak 0.29(0.01-1.02)
Xylene
71% =¥ % (ppm)
tAMHE vl 3 (g/g creatinine)
e oz Ak
Z3he 25

4.25(0.01-39.44)

0.07(0.01-0.46)
0.08(0.01-0.62)

3. HAES=Z=Z X E, epinephrine ¥
norepinephrine =& H|W

4t
Y]
)
=
a0

712(NCEP-ATP III, o}x]ol-

=7 MetS S1gIAH, EP
Tl (R 3)ell AAlEATE o
o] QAAAZS Azolr BMI(23.9%2.3
vs 23.8 . 95 (85.5£7.3 vs 84.5+7.5),
$+%718%(126.9£12.9 vs 128.3:14.0) & ol
dY(75.6+8.3 vs 75.8+10.3) &< F
apolE Holx| ¢kskrh, w3 ulZRwnt =
o] EAALEAL AoE vlwd A, F F9
(189.1#34.3 vs 194.1#35.9), LDL-Zd=HE
(115.2#29.7 vs 116.7+31.3), FAAH(179.0+
137.7 vs 151.2£110.2) 2 FEI(92.4+27.2 vs
93.0+15.7) 5 F T Ao|E Ho|x] e whd,
HDL-Zg2HZ9 ¥ hxT(47.6£12.9) 2o}
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AR A|198 Al1S (2010)

(ZF 3) AIEEZ ZFIEtX|E, epinephrine % norepinephrine =& H|W
/AT =E7(809) Nz (779) P&
BMI (kg/m) 23.8+ 2.7 23.9+ 2.3 0.782
32 E# (cm) 84.5+ 7.5 85.5+ 7.3 0.402
< (nn/Hg)
F57] 128.3+ 14.0 126.9+ 12.9 0.519
o] ¢k7] 75.8+ 10.3 75.6f 8.3 0.873
% 28 E (ng/d0) 194.1+ 35.9 189.1+ 34.3 0.385
HDL-Z# 28 = (ng/d¢) 51.7+ 10.5 476+ 12.9 0.032
LDL-Zd| 2H = (mg/d() 116.7+ 31.3 115.2+ 29.7 0.765
379219 (mg/ d0) 151.2+110.2 179.0+£137.7 0.167
58T (mg/de) 93.0+ 15.7 92.4+ 27.2 0.868
Epinephrine(pg/m{) 39.5+ 32.6 42.1+ 21.8 0.569
Norepinephrine (pg/mf) 160.1+129.5 245.4+196.9 0.002
WitsEEUA,
=& (51.7£10.5)°A FoatA =34t (p=0.032). QAR A7 2 A9 7S Al AE
L&A EPSF NEPO sEw Zt7h 39.5+32.6% stal el L Sl tiEAQl sHdo] oux] dE
160.1+129.5 pg/m=Z thZre] 42.1+21.83 245.4 27399 %82 (neurotrophics) & 71%9 Aotk
+196.9 pg/mETH Y2 FEZ FE oy, NEP] (Woods & Seeley, 2005). 18}t tiats$e] &

TR SARCR frold Ato]E EATHp=0.002).

wEHe fefsetEdat EP,
= gt AFo|A] styrened}
toluene?] NEP &= &9 %
AAAE HolA| &L%ot xylene & NEPS EA%
o2 fog AABAE BHAtH(r=-0.816, p=0.025)
(2" 1). EP NEP°] MetS ez} #edgeo]

¢

AEAE Bux, d", &5, 5% 2 2559
B3 &, NCEP-ATP III A9ARE FEHHUSE
sk, EPSF NEP 8|1 fallslstEde] v & - F
E SHHUSFE ol tF 22y AR Al
o (F Dol AAEGTE 1 AY, EPe dEH (m

2] =0.970, p=0.013), NEP= 3dlzg&d(matH]
=1.003, p=0.010)¢} KA} =1.002, p=0.045)

3 folg wAe Bgn, RAREAY wze
HDL-Z#| 28 &(24H8] =0.257, p=0.002), 354
G =3.028, p=0.050) % MetS(AH]=0.372,
p=0.046)7 frolg FES BT

V.= 9
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p

AL o= BT T2 71T A Adtel <3t
dojib= Aol oz}t AU 3 xA AR5 &
AN FEo Bote] AT ouR] EdFe o
T 5489 AH9 2R (expenditure) <l
el ogk AL Al HIFHoR Qg A
% 37l &) deojdrt. F4E A3 &7 brain-
deriver neurotrophic factor(BDNF), leptin % 4173

=

AgEd =,
=
%

neuropeptide
171 wliEell 23]

catecholamine, serotonin % dopamine

U #o] glen, ol 32&

, cytokines
NBQYH 2o B
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Tk ol P AEH
o] =AM (Albright & Goldstein, 1996),
2] Ege =EFFEd oEdt(Merker
et al., 2006). Seppalainene®} Hakonene (1976)
£ 15T styrened] k=EFHE TEAEC] AEEe

styrened =EHE ZEAEG Add7 2o T4

L =P (e Te R T
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s
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@

98o] Eom Hadgdoem, Kotseva®t Popov
(1998)= Afraket Aol na=el {7184
LEHE ZEANA gExrEt 22 189 fEES
welvn &tk §As S(2009)% AERe
styrened] =EFHE TBAEC] Arkd =EHE
o2l vlg) dd, A&y 9 AsdAgAdo] Erin
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w3 St oleld Avke felsetEde

w20 A

Xo] 7lefA AFHAL(signal transduction)ell
#As= cytokine® AAHGEED T3 HH #HA
o] oM (Gillis et al., 2007), ol& &9 W=
FFAAA L 71FA B £ (Mutti F, 1988)%

oA NEFT FD wde] Atkm ¥ 5 9
2 o ATE FeASEEY =EF Metse
& nag 4

wBE gl g

oZ:_EﬂJEF

7&_
S+ styrene, toluene
g e FEolqle
1/10 olst=2 #H7k=
FooiARES] e R = w)
th MetS AR 55
w3 AzloA HDL-ZFe|=HE
AAl FstAl /e Eli(p=
, TEIESY F U EHEY vEe =
oAlA tha =& AFE B fo3 Alol= ¢l
w, 71Ete] MetS A E} JUAAS A=
o Apolz Holx| gttt WA, EP9} NEPE
oA AAE HIou NEPY s=w fog zo]
B (p=0.002). ol2lgt AAde wEa A E0
&y felseEde] ot vig vol vehd 2
#=2 & F Uk
EP$} NEP=
%lg;d;,]_ 25
N-#g”] st “4011] A A EARA g A
HAAARE & (Bao et al., 2007), ¥|¥H(Marie et
al., 2005), ASAA Sl #IFTHKohm & Sanders,
2000). AZE2Q dopamined EP$ NEP2]
AFEZEZA dopamined| =7} EP2} NEPY &
o JFTF A 2
(1994)2 styrene J_—Efoﬂ
hAQl Wiglel] Thild v} oju]
B7] $ste] 2ol
GERE @-‘Jr Rkl
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=
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2173
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e
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E

3k 2
o] J&Oo R dopamin® FF7F AAIE o] VER 3
© 2 dopamined FE H3l= AAEAHS fEsles
Aoz HuFEAHChakrabarti, 1999). Graffe;
Herr(2003)& o]&aletae] w=Zo 2|sle] NEP2
TEE fAE H WY dopamine® tIAMFESR]
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. MetS 2|59} EP 3 NEP] &5 F w1l
Hlwet 2%, HDL-ZH 2 &L w&7ol4(47.6+
12.9 vs 51.7+10.5mg/dl), NEPE thzaol|A]
(245.4196.9 vs 160.1+129.5pg/ml) 2|8

o}

=9k},
A", 55
NCEP-ATP III MetS
da EP, NEP ¥ =& -
tE 2X2" AN FellA EP=
328l (waH =0.970, p=0.013), NEP+= 3
&8 (A1) =1.001, p=0.010)¢} FH (A
=1.002, p=0.045)% #AL B3, MAHs &

PN
48 2

i)

AA

7184 =%& HDL-Ze s S (224 =0.257,
p=0.002), FHIZF (2] =3.028, p=0.050)

7} MetS(aHH]=0.372, p=0.046)<} #-do] 3L

= o2 YehTh
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&8 AZAAGA EP 2 NEPS 484 ¥
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- Abstract -

Influence of Epinephrine and
Norepinephrine on the Risk of
Metabolic Syndrome Occurrence
in Workers Exposed to Hazardous
Chemicals

Heo, Kyung-Hwa™ - Kim, Ki-Woong*

Purpose: The aim of the present study was
effects  of

aromatic

to

monocyclic

clarify long term, low-level

hydrocarbons exposure
(MAHs) such as styrene, toluene and xylene
on physiological levels of epinephrine (EP) and
(NEP)
diagnosis
syndrome (MetS). Methods:

and serum biochemical

and these hormones
of

Blood pressure

norepinephrine

influences indices metabolic

parameters  were
measured using digital sphygmomanometer and
EP and NEP were
analyzed by using ELISA kit and exposure
level of MAHSs measured by NIOSH
method. Results: The differences of general

autochemical analyzer.

was

characteristics such as smoking and
drinking habits

significantly different except working hours per

age,

in both groups were not

day. In exposed workers, exposure levels of
MAHs showed very low concentrations. Serum
HDL-cholesterol concentration was significantly
higher in exposed group, but concentration of
NEP was significantly higher in control group.
On multiple logistic regression analysis for the
diagnosis indices of MetS, EP was WC (OR=
0.970), NEP was blood pressure (OR=1.002)
and MAHs exposure were significantly associated
with HDL-cholesterol (OR=0.257), fasting glucose
(OR=3.028) and MetS (OR=0.372). Conclusion:
These that the

exposure of low level MAHs maycontribute to

findings suggest chronic
glucose metabolism and induction of MetS. And
of EP and NEP by

exposure of MAHs affect blood pressure.

also, changes levels

MAHSs, Male workers, Metabolic

syndrome, Epinephrine,

Key words :

Norepinephrine
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