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ABSTRACT. Estrogens, which play an important role in sex hormone and potential inhibitor of cancer cell
proliferation were profiled for normal female and male. The nineteen endogeneous estrogens were simultaneously

analyzed by selected ion monitoring method of GC/MS. Urinary estrogens were extracted by using Serdolit AD-2
resin, hydrolyzed with B-glucuronidase/arylsulfatase from Helix pomatia, liquid-liquid extraction and quan-
titatively derivatized by MSTFA/TMSCI mixture in order to be detected on the GC/MS. The good quality-control
data were obtained through the precision and accuracy test and the recovery range of them was 80.97~97.81%.
The Korean reterence values of urinary estrogens were established and differences were found in normal female
compared with normal male.
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FEO] olAERAM A8k packed column®} select-
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A2l 93 GOMSS 24 2L 4YB ¥, ol &
ol gkod Aol EAIBHE 1952) dl2ERA o
AF A E-(17a-estradiol, estrone, 6-dehydroestrone, 17p-
estradiol, 2-methoxyestrone, 2-hydroxyestrone, 4-
methoxyestradiol, 160-hydroxyestrone, 2,3-dimethoxy-
estradiol, 60-hydroxyestradiol, 2-hydroxyestradiol-3-
methylether, 2-hydroxyestradiol, 16,17-epiestriol, 16-
ketoestradiol, 17-epiestriol, estriol, 6-ketoestradiol, 16-
epiestriol, 6x-hydroxyestriol, 6-ketoestriol, 2-methox-
yestriol, 2-hydroxyestriol)}2] Bolak-& A sle] 4¢
Ql gl FaA(FA}b: 22-354), @A} 39~574)F
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lether, 60-hydroxyestradiol, 160-hydroxyestrone, 16,
17-epiestriol, 16-ketoestradiol, 17-epiestriol, estriol, 6-
ketoestradiol, 16-epiestriol, 6c-hydroxyestriol, 6-keto-
estriol, dj-estradiol(ISTD)= Sigma AHTIZ) S5 4|
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e e ASEE WA 3}7] 3 ascorbic acid(l
mg/mL)yZ Y3 37°CollA] 2447 £ 55°CAA
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traction) ¥} 8o] R} Rty AAAq) Ao &
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Ae) w] 3} Hefol X g el ool gl F
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o] 43t F 7h5Rsl(enzyme hydrolysis)S 783}
Ach' w3t o] HAloNA] L-ascorbic acid(1 mg/mL)
€ 7k S22 2N o]kl 4:4ks)7](hydroxyl
groupys E3Ie AAE2W dANEe] 4EE
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Fig. 1. Chemical structure of Estrogens.
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Fig. 2. Mass spectra of TMS-derivatized Estrogens.
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Fig. 2. Continued

W xlc), Yslsla 4 (biological activity)ell 1ol
2 F8 o] ity oted#l estrone, estradiol, estriol
9 FxF 43R estrone?] 3¢ A7} WS
Ql zdl@o]c FA 3 Yjell= F4EE7)7),
1791 Y Alell= A E7)7F A &xed 9o}, Estroned)
AX7] Al 45707 A#Ee] Qi o] es
tradiolo] ], estradiol?] 16W £ x|ol] pAkE}7|7} 8}
v o] A2 estriole]r). & Aol A EE A}
Sh= S| AERZAL o]5 estrone, estradiol, estriol2]
FEAEZH 24, 44, 64, 168 Aol F41E7],
AE7), W EA717} sl wme F A7 285 g
& Agold.
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Estrone-2 B-2}efo] 27022 A-1e]2] 3 o)
Aghele] el FAB)7F TMS-ethershs]ot M)l
m/z 3427} F 852 (base peak)2 vpehdy’ oz 9}
2] B4 o]0 2 [M'-15]al m/z 327, C-2&] £3)
(cleavage)dl) 23t miz 257 So] Jelde), Bajeko]
27291 estradiofi(-17B)=} 17c-estradiol-2 33} 179
Ax9) $AHE7]7} TMS-etherdtglo] [M')R] m/z
4160] F B-92)2 vjeh}y’ [M*-15], [M'-90], D-
] gl 2§ m/z 401, 326, 2857} ER™o
vhepsict

Estriole] 73§ o7 vj(epimer)5Ql 16-epiestriol,
17-epiestriol, 16,17-epiestricle] 5 & sele] &
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Table 1. Characteristic ions and retention times of TMS-
derivatized estrogens for detection by GC/MS

Compounds Characteristic Retention

ion(m/z) time(min)
17c-Estradicl 416, 285, 232 13.761
Estrone 342, 257, 218 13.842
6-Dehydroestrone 340, 255, 242 14.035
d,-Estradiol(-17[) 418, 287, 207 14.736
17B-Estradiol 416, 285, 401 14.756
2-Methoxyestrone 372, 342, 287 16.846
4-Methoxyestradiol 446, 315, 325 17.009
2-Hydroxyestrone 430, 306, 341 17.232
2,3-Dimethoxyestradicl 257, 388, 203 17.256
2-Hydroxyestradiol- 446, 315, 209 17.547

3-methylether

6a-Hydroxyestradiol 414, 283, 229 17.750
16ct-Hydroxyestrone 286, 430, 345 17.775
16.17-Epiestriol 311, 504, 345 18.448
16-Ketoestradiol 430, 285, 245 18.845
17-Epiestriol 311, 504, 345 19.474
Estriol 311, 504, 345 20.047
6-Ketoestradiol 430, 415, 340 20.41¢ -
16-Epiestriol 311, 504, 345 20.880
6a-Hydroxyestriol 322, 502, 309 22.191
6-Ketoestriol 325, 518, 245 27.322

d

2} 7] 3 (fragmentation) vieblo} GCAReiA
L w3 A28 Aolz FHsojaich o5 ¥
2peFe 2880)2, 3, 16, 174 $1x]2) £443}7)7}
B 5 TMS-ether3}s [M']Q) m/z 5047} F B-92)2
vhehdel” 2 ko] B40] 202 myz 311, 345, 386
So EAgTh

4-Methoxycstradiol2} 2-hydroxyestradiol-3-methy-
lether®] ¥-x}2ke B 302009 e B 7] §
HE Zech F, AlSA7)E A9 A 274
FAH8} 717} TMS-etherdts]o] 3 B3] 24 [M*]al
m/z 4460] viehs't D.ste) B#el 23 miz
3157} B4 o] 2o viepddo)

6-Ketocstradiol®} 16-ketoestradiol-& 2862 42 &
A2k zkor} 16-ketoestradiol®) 73 -$-olle 33}
179 $12)8) 52483} 7) T™MS-ether3tE [M']8] myz
4300] 7 B-92]2 vjehti 2 0|92 B4 o] o]

= ¥, f-ketoestradiol 2 F B-$-2] m/z 4303 §}
7 [M*-15]8] m/z 4158} [M'-80]]] m/z 3400] 54
o] £.0.2 vfehd).
Au7R] g NLERAES F 97l 2

T 259 FEdEtd $2 ot o)t 22} 6
168 Ao AR 7 2 #s] o] gl 160-hy-
droxyestrone, 6a-hydroxyestradiol L&8] 2 6o-hydroxy-
estriol®] 7§l glojAe Fr=Asld [M'] Al D-
18] Eajjel 2]’ o] &(16a-hydroxyestrone; m/z 286)
#, [M'-90] s Fsle o) &(6a-hydroxyestradiol; m/
z 414, 6o-hydroxyestriol; m/z 5027} 742y & 392
F vehdr}

¥ #F EZ(internal standard)}> 17B-estradiol
o] 2813 4 9] vl s (deuterium) 2 X T
2,4-dy-estradiol(-17B)S AF&3ro 24 M o4t £
A3 - B B Aole] 24 AoldlM 2w
Az ZAe ag Hassidch o] 239 &ab

2 27424 E2hy7] HelE 17P-estradiol &2
17c-estradiol s} 5 8}, chgt 2702 F4 49| od3)
22 7} Z71 54 ol&& el F, Ml
m/z 4182 F ¥-5-2 5 o] 5o m/z 403, 328, 287 5
ol 54 o] &0 = vhepdet.

BEE FAWIME 4. diyo] He d2ERA
o A HH = ALY x A8l ZJEE = ol
2EZAL xef o8 AARER, AAAFS &
A5E Mt oAl 47| daeals] F
2E 7)F02 516 A ¥T W E 0.1 pymLo|
Al 20 pg/mLe ® A3}, gt lAEZANES B
T £l FEEE 0] AL BT ERES
TEAG. o] AAE BF EYES & Agudel
el 2% F MSTFA/TMSCIE #EAs4A
GC/MSZ g4 sbod zhzke] A F41 & et 2
AR € ol AEZANL BE AHYIHL Yt HS
el A 2414 (r>0.987yS fehliddct.

HAEZAU BAM2 85§ U YT, HUT. &
AelA] A AAe] A g AP 2
A=l 80.97~97.81%24], Sep-Pak Cy4, Sephadex I
2] Lipidex 52 o]8% vjefyt w4 &Y &
A% Foisis 59 WY (344 720-84.9%)0114
Saegusa S9] | 4|3} Dowex 42| & o] &zl upd?
3l5%: 672-889%) 0t %2 Z 22 vlehgrt

w3 & APuy e Adse AT within-a-
day 42| 7% RSDZ}o] (0.24~20.52%0]2) ¥, day-
to-day ¥4{2} RSDZF-& 1.05~24.24% 0 F tji22)
A2E2 A A RSDgkel 10% ¢|3}2 vebigt
v} o}gb 170-estradiol, 17-epiestriol, 6a-hydroxyestiol

Journal of the Korean Chemical Society



GC/MSell 2% & F WA AAe249 Profiling 193

Table 2. Precision, accuracy and recovery data for determination of urinary cstrogens

Compounds Within-a-day(n=3) Day-to-day(n=3)
Recovery(%)
Added amount(ng/mL}) Mean +SD RSD(%) Mean + SD RSD(%)
17a-Estradiol 91.68 0.75+0.13 17.33 03.61+£0.11 18.03
20.00 19.40+0.38 1.95 18.94+1.51 7.95
60.00 66.3 +0.63 0.95 72,96+ 7.86 10.77
100.00 114.70+1.42 1.24 108.30+5.97 552
Estrone 97.45 15.07+0.29 1.92 14.29+0.91 6.34
20.00 36.661+2.17 591 38.28+1.88 491
60.00 84.61+0.36 043 8745+5.27 6.03
100.00 130.20+1.85 142 121.20+9.78 8.08
6-Dehydroestrone 86.17 4301013 3.07 3641058 15.85
20.00 28.65133.60 12.60 3214+2.62 8.16
60.00 87.25+0.21 0.24 80.26+6.73 838
100.00 131.00+0.71 0.54 127.00+£12.01 953
17p-Estradiol 85.09 3761049 1291 4.00£0.31 7.77
2000 15.601+0.73 4.68 17.35+2.48 14.30
60.00 65.364+0.47 0.72 72.82+9.01 12.37
100.00 11410+ 1.73 1.52 110.30£5.37 487
2-Methoxyestrone 92.60 6.65+0.51 773 6.79+0.75 10.97
20.00 24.741%1.19 4.82 29.53+3.87 13.12
60.00 88.54+0.10 0.12 89.681+5.61 6.26
100.00 140.90+1.52 1.08 127.00+ 14.82 11.66
4-Methoxyestradiol 97.81 2.62+0.28 10.69 2.81+0.23 8.19
20.0¢0 61.17£5.09 8.32 51.26+7.65 1493
60.00 91.04+3.33 3.54 82.40112.59 15.27
100.00 159.70+ 8.52 5.34 14230+ 13.70 9.62
2-Hydroxyestrone 95.32 47.74+3.07 6.43 48.07+2.87 5.98
20.00 67.794+4.48 6.61 62.02+8.45 13.63
60.00 129.80+6.74 5.19 125.40+ 6.81 5.43
100.00 192.90+ 8.68 4.50 187.00+11.33 6.06
2,3-Dimethoxyestradiol 93.76 28.58+197 6.89 27.8211.07 3.85
20,00 40474192 4.75 43.20+3.51 8.12
60.00 71.64+0.87 1.22 73.421251 3.42
100.00 11L00+051 0.46 114.20+4.36 3.82
2-Hydroxyestradiol-
3-methylethcr 86.89 1.84+0.17 9.24 2.16+0.14 6.57
20.00 16.57£2.12 12.81 20.984+2.92 13.92
60.00 79.661+3.27 4.10 80.57+3.21 3.98
100.00 132.701+6.96 5.25 120.40+7.30 6.07
6a-Hydroxyestradiol 91.89 1.39+0.17 1229 1.663:0.20 1205
20.00 16.13+1.90 11.80 18.56+2.82 15.19
60.00 75.87+1.97 2.60 77.66+ 896 11.54
100.00 15.10+8.22 5.42 162.70+14.10 .67
16c-Hydroxyestrone 81.74 5.38+0.42 7.81 5.89+0.36 6.13
20.00 31.62+0.41 1.30 34.97+3.01 8.60
60.00 99.17+0.53 0.54 96.64+2.31 239
100.00 166.80+0.79 0.48 169.80+1.88 1.11
16,17-Epiestrol 92.85 1.17+0.05 454 098+ 0.09 9.18
20.00 21.27+0.11 051 21.04+2.68 12.72
60.00 78.23+0.70 0.90 74.591+3.62 4.86
100.00 148.70+0.66 0.45 140.10+19.106 13.64

1997, Vol 41, No. 4



194

Table 2. Continued

FEH -

BRM - $FE - EHW - e

Compounds Within-a-day(n=3) Day-to-day(n=3)
Recovery(%)
Added amount(ng/mL) Mean +SD RSD(%}) Mean +SD RSD(%)

16-Ketoestradiol 96.00 10.46+1.07 1023 11.061+1.20 10.85
20.00 43.25+5.59 1293 43.77+3.66 8.37
60.00 104.90+3.85 3.67 102.60+1.93 1.88
100.00 163.60+8.08 4.94 159.60+6.01 376
17-Epiestriol 90.05 4.994+0.21 21.21 0.33+0.08 24.24
20.00 37.72+ 1,14 3.02 2991+4.18 13.97
60.00 104.00+ 1.02 0.98 97.56+6.98 7.16
100.00 180.10+2.95 1.64 183.40+1.93 1.05
Estriol 91.44 11.21+0.14 1.22 9.80+0.91 926
20.00 33781044 1.30 3440+3.45 10.03
60.00 91.38+0.94 1.03 86.13+3.95 4.59
100.00 162.30+ 3.68 2217 164.30+6.18 376
t-Ketoestradiol 90.19 18.31+1.01 5.50 18.1841.29 7.11
20.00 54.33+3.57 6.58 53771408 7.58
60.00 114.90+£0.97 0.85 111.20+6.32 5.68
100.00 167.30£3.60 2.15 159.00+6.48 4407
16-Epiestriol 85.12 4.09+0.52 12.71 2.77+0.29 10.47
2000 30.68+1.66 5.42 2932+2.94 10.02
60.00 90.78+2.15 237 77.57x10.51 13.55
100.00 159.181-4.09 2.57 142.70+£12.29 8.61
6o-Hydroxyestriol 80.97 3.42+0.09 20.52 0.51+£0.07 13.08
20.00 24.241+0.16 0.68 26.52+3.20 12.08
60.00 86.45+ 1.68 1.88 81.98+3.93 4.80
100.00 180.70+2.58 143 179.10+8.14 455
6-Ketoestriol 89.26 0.62+0.12 18.74 (1434:0.06 13.17
20.04 26.47+0.54 2.05 2621.+£0.78 299
60.00 10420+ 1.44 1.39 94.02+7.08 7.54
100.00 188.40-1.45 0.77 187.20+7.34 392

28] 3 6-ketoestriol2] RSD7} v 23 & & ¥%1
=d), 2 olfs Aoz alEs: o ol 7HA] Wl
43 BAE] Boigpe] 27| wjFelzt Aztdrt.
B AgAA dtegdt 1953 J2EZ A of
3 38y As, YUx A2 AAE Table
2o el et
= AR WY AERA 5= A, 3 el 5
nge] FJF = A o] =g A& GOMSS! SCAN
W e 2 slesbel o}t AbEE Aj2lgk WAklY
P Yol Frisk(nmol24A|7F A FF)102 Ea)
Sz ol 2ERANL) FA] cpdE el AR
sygkeh. 2t A8 A ERALe] F 71A] B4 o]
®-(characteristic ion)it-& A#sle] &3t select-
ed ion monitoring(SIM) ¥ 2] 79 7} 1006
o|2t Z7}ElE 2, o)2{jt GCMSE| SIM Hbgo] of

2EZA B o] 450 g

olofl & oIFol A= el HA3k A= 2=
SIM HF8 & o] 43 GOMS B4 ez A4 A
al A (n=16) 4 (0=29)2] L A= Hell E
L lAEeR AL 222 ZARAsPArH(Table 3). Total
fon Chromatogram(TIC) A}el| 4 w|4:4t W F-& 2|7}
& vl = 17B-estradiol#} d;-estradiol(-17f), 2-hy-
droxyestrone 3} 2,3-dimethoxyestradiol 2.2] 37 G¢-hy-
droxyestradiol®} 160-hydroxyestrone= ztzfe] Al

0) 22 A& tlE screening window AtellA! &, A
aFalodch(Fig. 3). olv] A= T $9=]9 54 o]

25 Zhzhel| it 71947} 1% o]3t2 A= 2
Al dskE olA7] hgkeh. & ATolM 2R A2
o] ol reE g o JAFFHES I T
=2} vl s 2 A7} estone, 17B-estradiol, 2-methoxy-
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estrone, 2-hydroxyestrone, 16at-hydroxyestrone, es- Table 3of] vhebdt AE2 A uw 19717 W]l
triol, 17-epiestriol Z12) 12 16-epiestriol $2] M7 5 A odl2eEZAe 5= /Al o AFE2] Ao
57} o= ghd )P £ 24k FAal o=} A% 2-hydroxyestrone, 4-

Table 3. Concentration of urinary estrogens in normal female and male subjects

Normal female(22~35y, n=16) Normal male(39-57y, n=29)

Compounds

Range Mean Range Mean
17¢t-Estradiol 13.77~62.58 2832 0.00~0.16 0.03
Estrone 9.41~77.61 41.19 0.17~1.07 0.39
6-Dehydroestrone 3.39~37.00 15.47 0.02~0.24 0.08
17B-Estradiol 5.97~2891 17.14 0.11~0.74 0.28
2-Methexyestrone 1.14~11.02 5.74 0.11~0.74 0.27
4-Methoxyestradiol 303.50~3187.00 876.20 0.08~0.69 0.21
2-Hydroxyestrone 136.90-2482.00 901.90 0.20~1.35 0.50
2,3-Dimethoxyestradiol 51.28~18763.00 5466.00 n.d. n.d.
2-Hydroxyestradiol-3-methylether 1.82~22.96 9.93 n.d. nd.
6a-Hydroxyestradiol 36.83-316.20 122.80 0.00~0.11 0.02
16a-Hydroxyestrone 4.16~62.10 21.10 0.06~0.57 0.15
16,17-Epiestriol 1.28~13.34 6.30 nd. n.d.
16-Ketoestradiol 1.80~31.22 %.80 0.06~0.56 0.17
17-Epicstriol 8.39~70.06 42.16 0.05~0.30 0.11
Estriol 7.04-50.95 24.63 tr t
6-Ketoestradiol 3.53~11.00 6.09 nd.~.16 0.02
16-Epiestriol 3.42~36.90 12.62 0.02~0.31 0.06
6o-Hydroxyestriol 0.06~1.40 0.33 nd. n.d.
6-Ketoestriol 3.00~10.93 5.64 nd. n.d.

unit: nmol/g of creatinine, n.d.: not detected, tr: trace amount.

Ion 418,08 emu, San 37R.80 wmu.
1 5.8E+5 6
2.8E+6
H 2 & 4.2E+5
£
5 1.SE+6 8 3.BE+5
4 1.BE+6 .g
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2.2E+@ r 3. OE+@
14.1 16.1
Time (mtn.) Time (min.)
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7
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Fig. 3. SIM chromatogram of TMS-derivatized estrogens. 1. 17a-Estradiol, 2. 17B-Estradiol, 3. Estrone, 4. 6-Dehy-
droestrone, 5. d:z-Estradiol, 6. 2-Methoxyestrone, 7. 4-Methoxyestradiol, 8. 2-Hydroxyestradial-3-methylether, 9. 2-Hy-
droxyestrone, 14. 2,3-Dimethoxyestradiol, 1]. 6a-Hydroxyestradiol, 12. 16a-Hydroxyestrone, 13. 16,17-Epiestriol, 4.
17-Epiestriol, 15. 16-Ketoestradiol, 16. Estriol, 17. 16-Epiestriol, 18. &-Ketoestradiot, 19. 6c-Hydroxyestriel, 20. 6-
Ketoestriol.
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Fig. 3. Continued
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methoxyestradiol, 6a-hydroxyestradiol, 28] 7 2,3-di-
methoxyestradiol®] 73-¢ #-% & &< vl uhd, 2-
methoxyestrone, 16,17-epiestriol, 6-ketoestradiol, 6-
ketoestriol®] =+ ZFetdl 53], 6o-hydroxyes-
triol®} F%=r} 7P BA veptel Fatel e es-
trone, 17B-estradiol, 2-methoxyestrone 2|3 2-hy-
droxyestrone®] Fxgto] vluwH FHod, *2 ¥
£ el dl2E2 A YAlAlE 170-estradiol, 6a-
hydroxyestradiol, 6-ketoestradiol 22]32 16-epiestriol
o2, Al oast Ak & A8 diER
A profiled A2 of2 FHE Wbt 53] F
= U9 o HEF2 AA Az=E20 Al Z
A o)7L datell »1a) 208} ell4 1000917} D=
Z A}g s ¢ U

oleidt AR rlFe] & o, Y2 FF U 2
T o2 71A dAE 2 daER2 A Fxe] ¥
T 2 = g 25 AZE A 72AE
ARSIuIM o222 Ful dke] A AA &
Yol 7125 Y 5 gl ozt A=

4 =

B dApdies x A Bl a5l estrone, es-
tradiol, estriol 5-2] ol A~EZ WG| 3] Ag 2
A 270-¢ ARsdch &, o 7HA] WA g
L 3T QY & A BN dAaERARS 4S
4 915 & Serdolit AD-2 X2 o] 43+ B4
F2ya 24 AR 22T gAY 228
Aale ALY A Hego] 0% A AHE
#3isi3ic). 714 AR CtE Y Z(GO)E o83 ¥
o] =2 MSTFA/TMSCI®] 100: 1(v:v) E¢E2
M3k ol e 2 A0 =41817) 5 TMS-ether®
=A 3l 7, Yk e WUA 33HE L Al
I 7% AE JF57] 4351 selected ion monitor-
ing(SIM) W o 2 A3t

o]l whgo g Ak Al ofxie} Pl Al
o] EAste B2 FEE A A 2}
<} gzie] ol ~EZA profiled]s 2 Atoizt A%l e
o, o] 3¢ a7} FAtel vl A 9%
o}k 2 FF9 F5 W E A4FHRET v
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