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ABSTRACT

This study aimed to develop analytical method for 8-isoprostanes as biomarkers for oxidative stress with LC/MS/MS
technique and to apply the method for human urine samples. Analyzed compounds for urinary oxidative stress markers
were 7 stereo-isomers of prostaglandins and the internal standard (iso-PGF,,-d,) was used to adjust the recovery rate.
The method for determining urinary iso-PGF,, consisted of solid phase extraction and LC/MS/MS detection. Separation
of isomers of prostaglandins completed by porous graphitic carbon column and buffer solution. Detection limits for uri-
nary markers of oxidative stress, is0-PGF,, with LC/MS/MS were 0.01 ng/m/ by S/N ratio 3 and 0.028 ng/m! by cal-
culated as to FDA method. The recovery (92.8~101.9%) and precision (8.8~20.7%) of analysis were feasible for
detecting iso-PGF,, in real human urine samples. We detected 4 isomers of prostaglandins in human urine samples.
Mean (standard deviation) of urinary iso-PGF,, concentration were 0.231 (0.117) ng/mg creatinine for smoking group
and 0.154 (0.082) ng/mg creatinine for non-smoking group.

Keywords: oxidative stress, 8-iso-PGF,,, prostaglandin, LC/MS/MS

LM B

A BARe] Akshs ofe] 7] Ade] RtEd] F8
3k AEE g A 2B A= A Zoely 2
e A B4 st AlASkRE B =
Ho}h =& o] dojdr}. 4lsld 2E# A9 doe &
A 59 94 2213} tAAH A (macrophages)2] s
Zd(oxidative burst) 5 W& QQlog FEI &

Corresponding author : School of Public Health, Seoul
National University

Tel: 82-2-740-8886, Fax: 82-2-745-9104

E-mail : packdm@snu.ac.kr

44

> = -
le] We I SAEC] A8 2EH~ A%} A

se] ek
AR 2Eg 2] ARE FE o] 8HI = A
MDA (malondialdehyde) 9} iso-PGF,,(8-iso-prostaglan-

din Fy)°]th. MDA® thaEXsiA4te] #piksh A3
Fo] Ha¥ Z20]H, iso-PGF,+= ©le}7]= 2karachi-
donic acid, AAYS E&3= A o] k4 gzl 9
3] AtslElo] AYAE o] o] AL =0 = (eicosanoid) -]
o A5Ho 2= AsHd 2EH 2| v]Eo|H o] AL
T8 E Al MDAY #AsEA] A (conjugated
dienes) 55 43I0, H2ole o= Akl 2




LC/MS/MSE o83t 2tsld ~EH A~

FEZ Wk AAEQ iso-PGR,0ll o] Bopx|x
9T}

AAE= AN oA 5 <142 (phospholipids)Z} o]
se|zsisol ZAs, o dzHZat AEA &
o gk 2bslg-S AXA Aok Akl 4 (Cycloox-
ygenase)oll o3} FiIshEo] APE AL o]59 ZEoR
Z22elZ F(prostaglandins, PGs)7tF A=A =
£ Zoleko Afeeiel ol PGs A7) 1 go
AE He Aol 3ol EAIShs PGse] 42 U7
of oA Qolufis AUsHE RaHow 24

g T Ae AF7Y =HE Aot Aol FHrist

—_

A A A BAY HYY YRR LY
S (paraquat) 9 ST 5,10 FA,1 Lol

oJgh 7+ A3 dalolme} 7he AFA A M
THd 7 24|29 & BH(Chronic obstructive pulmonary dis-
ease, COPD)9} 7+ H@3H0 So] dFo 259
is0-PGF,, ¥5& Z7M7|= Aoz 4&#A ).
A, M= vl sk 4 A% MDA ¥
8-OHAGE ©]&-3F d'"9= ghikslA| 3= 9o
W} iso-PGF,, = ©]&3F 3= LC/MS/MSS| o]g-o]
dutsls]A] Kale] EIAS o8-8l AY GC/MSE ©]
83 A7 P ApAEe] Qs W=
olgl7lE Akl AksloA] AdEle] Ao R HiEE=
714 FFe PGs o|BEAE A8k W GO/
MS/NICEE ©]-&-3l= *'H¥} Murphy 5ol I3l 7i%
# LOMS/MSE ol&ste Wi, GCMSMSE °l&
sl W, Immuno/GC/MSE: o] &5 HPaa a4
AHS olgske WY 5ol Ak Z7]9lE ELISA
(enzyme-linked immunoassay)el] 23t #4o] F2 o]
| TAHGHI o]F FYE GC/MS/NICI
A Zre] Aol gk =7l AZ1EPP = GO/
MS/NICIE ©]&-3 #4990] '] o] &=A =AU} 3t
A%k, GC/MS/NICT WS 0|83l AYAAE T2
is0-PGF, & 413817 $laiM= 43s] S A3z
Fgo] QF-Ht} Davies 522 iso-PGF,.2| TIAAIE
LC/MS/MSE o]&3fe] BAsle] 7]129] GOMSE ©]
£t B vt A 78 I R=0T1)S
Ao, LO/MS/MSE ©]83+ E40] 71¥ sy
m)].e;]] ;{]zsgsl— z,: 010 g 1—5_5} I:]— Ohashi :mc
LC/MSMS H< 0]831 iso-PGF,, S W24 2418
F Ae WES NLEAT Liang $2& GC/MS W
H3k LOMSMS A9 vlwgt A J/do] Hof
FAWHR=097), 2H F iso-PGE,°] FEo| thst
LCMSMS X437} GCMS B4R} 50% 7
T YA yetke Ae AT GOMS A9

AF2ZHN 2 F 8-is0-PGE,, £ 45

73 FEAISE AgollM Al FHE] PGs o @A Sl
shte] Az JehA |8 RS olfE S
Bohnstedt 5% LC/MS/MSE |83l 552] PGs
OJEAE FREEAELH, HE £ iso-PGF,
48 9] A9 GoMS WY Btk LOMS/
S WS o Bol ol&sta k. s, F /1A
o] Mz ke B4 wAEES A e A
A Tz AR PR HSHALI eol
Fsd Are olddAe] Belg olFohlx Ealx
Jt}. iso-PGF,,2] 3¢ tiekel Awzlo]l Axajo] yt
SFor], A WolH maol S5 Aol olFold
T 3 fElEEe &gl og xAe] ksl 9
3 AAHERY dorw @e A3z At 1gE
749& Helth, gitRe] A5 z8slr] s
]z]é.z%o] tﬂ—tﬂoﬂ o]zs]_ Ao ] xgx.]]/\]g_ o]_Q.
04 A&t Jggk AR o] AdaEo]of gt
o} mebd 2 AFE LOMS/MSE 2435k Akl
&2 gk AR 3£ 8-isoprostanese] FATH-S-
gYate] A AR H8A17]7] flste] 23 E

=

[«

Zs]
7l

I o4k

Al
<ol %ZHEPE PGs o|JZAIE £, HE3]

168 BFEL e s 2EHA AR F
2 o|8HE iso-PGE,2t TAFFo] 2L T3 A
7] ¥-8& Ho|E TZF(PGFy, is0-PGF, PGEy,
i80-PGFy, 15(R)-PGF, is015(R)-PGFay, llB-PGFm)

I WREFE2 (is0-PGF,,-d4)°] EFHFAT) o5
o EFELELS BAlgo] 25 7o 28719 HXW

A 7k A o1

AAe]7] wﬁwﬂ HPLCE ©]&3 &
t'ﬁ.%’é‘f_ Cayman
(Ann Arbor, Michigan, USA)A F+Y43I39oH, A
A4F#ZW(SPE) € HPLC E2A]d] o]&d" &
Burdick & Jackson(Morristown, NJ, USA)A -
datath. dF8d AXE A% dEFoAHCIE
(NH,CH,COO)9} = Yo} 4898 Aldrich AHMil-
wawkee, WI, USA)A 4315}

2. AHAIZO| X2
AWAEAN BHOY BRE 233 AT A

N 2]
e Liang 5] NG PHE 48 Holn) &
ofabd theat 7t} Aol ¥3HE iso-PGF, S £4

Journal of Environmental Health Sciences, Vol. 36(1)



46 29Y - o]e3] - ABA - AAE - Wy

oH oH
T — COOH
Ho H Ho 1
OH OH

PGFzy is0-PGFz,
oH oH
T g g P — COOH
HO Y HO H
PGFp is0-PGFzp
R OH
T coon — COoCH
HO' HO
OH OH
15R-PGF2, is0-15R-PGFz,
OH oH oD
N — COOH
DD
- -
HO H HO ¥
118-PGFa, is0-PGFaedy (15)

Fig. 1. Streospecific molecular structure of standard material of
prostaglandin F,,.
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Table 1. Optimized LC/MS/MS conditions for analyzing
isomers of 8-isoprostanes

Parameters Conditions

Column
Mobile phase

Hypercarb, 5 um, 1.0x 150 mm

(A) Water : acetonitrile : methanol

=5:3:2(pH =9.5)

(B) acetonitrile : methanol = 3 : 2

Gradientl (60 W/min) Time(min) 0 1 6 12 17 18 38
B(%) 0030100100 0 O

Injection volume 1ow

Column temperature 40°C

Ionization mode ESI negative

Curtain Gas 15 psi
Temperature 450 °C
Ion Spray Voltage —4500 V
Ion Source Gas 1 40 psi
lon Source Gas 2 60 psi

Collision Gas (CAD) 6

Aenh. 2t sEER 53] iHEsle] EAsle] F

8 HF HEES o) gslel A AFIU
PEARe et AL HaslE Adus o
A%l ol8H VI FE SN 53wk 2w

< w2 WHolAS(Coefficient of variable, CV)E ©]-&
sl AFsiaict. A 243e 918 0.01, 0.05, 0.1,
02, 06, 12, 2.4, 48ng/m/ (n=8) 2| FFE2ZS
SRl sMste] AZS -, AlEe} e Wog
Azg)sle] LOMS/MSE £-41319] ).
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Fig. 2. MS/MS fragmentation spectra of 8-isoprostane.
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Fig. 3. LC/MS/MS spectra of 7 standard prostaglandins diluted in mobile phase (0.1 ng/m/) (top) and human urine sample (bottom).
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Table 2. The results of method validation for 8-isoprostanes in human urine
Limit of detection* Accuracy(n=5), % Precision(n=5), %
Compound
(ng/m/) 0.6 ngm/ 12 ngm/ 24ngm/ 06ngm/ 12ngm/ 2.4 ng/ml
is0-PGF,, 0.029 92.8 101.9 93.1 20.7 8.8 9.5
is0-15(R)-PGF,, 0.035 120.8 99.4 98.5 9.3 153 13.7
is0-PGF,g 0.064 123.0 105.7 102.2 16.0 189 18.5
PGF, 0.103 101.6 96.1 97.7 10.6 19.2 15.3
11B-PGFs, 0.079 114.7 102.1 96.7 16.8 14.5 10.5
15(R)-PGF», 0.076 113.7 100.2 98.3 17.2 14.6 13.9
PGF,, 0.055 9.3 81.3 100.1 25.7 212 9.3
*LOD=3.3x(standard error of y intercept)/(estimate of slope for linear regression)
2. B0l cigt ®It F7t o] Meld Eolee RS RIS 100 ng/
Iso-PGF,2 7% BEFEZS AX3A flo] MY/ ml §E] XFENS FY o F ZnlE FAE
MS AlZ=He]| F£13}e] A4kl IDL(instrumental detec- % EA o] JE] ¥ (carry over)E EAISH A}

tion limit) &= 0.5 pgel it A& A4S sl
EFEAL sMs= WS E S/N H(signal to noise
ratio)’} 30| =& XM e 4T A3 HEM=
10 pg/miZ AXFEIRh FFEAE 0183 TV &
Aol dted B3 AHAIEC sl A4 A4S
u|=F FDAS] HESHA ALgPez Aste As)
Table 29} 720] 0.029~0.103 ng/miE UFEREO ™| o]
A7E tdgoH 22 F%3le] 23 Bohnstedt
57(0.035 ng/mlelyt ZAGFE & B4 Cavalca
57(0.097 ng/mhe] Az} v M T FRA] AT}
55 A A7 EE0.6, 1.2 2.4 ng/mil)7}
HeE T 354 398 Jrlste] £4g 4
gv A% A7} iso-PGE,2 7% 92.8, 1019, 93.1%
9] oy A9l ZHS WAtk 273 iso-PGE,0l t3k wk
B gk dAAE Bk UEe] A¢ ol
AG(CV) #el 207, 8.8, 9.5%% LFEFITHTable 2).
AN A4S 98] 10 pg/mi~4.8 ng/ml (n=8) HSI

o EFERL Azl BA4F A AgEad 4%
3t A4 > 099y YERII O, AU A5

Table 3. Levels of 4 identified PGs in smokers and non-smokers

01% ©]3I5itt.

g, AREE 224 208 (&SR 109, M)
108)S oz A 2 PGs o|AZA
o} FAA] A% (28.0+0.82)7 v1FAAe] 1% (28.6+
0.70y FAARL ztel7k flglen 2443= Table 3
of YeRIATE 482 PGs o1dAA 9] Fxrt HlEA
Auck FAR 2NN Ee FEE ehiieh A5t
e BAARER F2 o|8HE iso-PGE,0l the
FEZF FAAIAN o =A derdoma vl
Azjel W s 2EH AV H Brks AL B S
ATHTable 3). 3HAIRE F<Axte} vEdAte] &AW 2
2BEY AR srE FARSE fogt AolE
HoX= 23tt). Helmersson 5'29] e} 722 Ui+t
E(n>600) A7l &, Ahmadzadehfar 5"
AFA e e AR Fekn <5004 E FH 57
o whe BAE AolE ek 4+ 317 dEel

ru
mlm
Hm

urine

Smoking group  Creatinine adjusted 150-PGF,,, PGF,, i50-15(R)-PGF,,, 15(R)-PGF,,
Adjusted 0.15440.082° 0.84340.473 0.21340.100 0.196+0.131

Non-Smoker (0.064~0.289) (0.392~0.190) (0.119~0.398) (0.098~0.528)
(n=10) None 0.267+0.170 1.462+0.888 0.35240.169 0.33440.222
(0.049~0.560) (0.298~2.850) (0.100~0.597) (0.075~0.792)

Adjusted 0.23140.117 0.957+0.375 0.294+0.117 0.242+0.159

Smoker (0.095~0.486) (0.451~1.477) (0.124~0.542) (0.100~0.646)
(n=10) None 0.457+0.252 2.053+1.218 0.554+0.273 0.478+0.305

(0.084~0.743)

(0.261~4.240) (0.162~0.847) (0.071~1.130)

*mean concentration tstandard deviation (range)
concentration unit :

creatinine adjusted - ng/mg creatinine, creatinine none adjusted - ng/m/
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