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A novel fluorescence reagent for the analysis of trace free
oestradiol and oestriol in urine by reversed-phase
high performance liquid chromatography
with fluorescence detection and
mass spectrometry identification

ZHAO Huaixin' SUN Zhiwei’® XIA Lian’® SUN Xuejun' SUO Yourui’

LI Yulin® YOU Jinmao' **
1. Key Laboratory of Life-Organic Analysis of Shandong Province College of Chemistry Science
Qufu Normal University Qufu 273165 China 2. Northwest Plateau Institute of Biology
the Chinese Academy of Sciences Xining 810001 China 3. Graduate University
of Chinese Academy of Sciences Beijing 100049 China

Abstract A new fluorescent derivatization reagent 10-ethyl-9-0x0-9 10-dihydroacridine-2-sul-
fonyl chloride EASC  was synthesized. A pre-column derivatization with EASC and reversed-
phase high performance liquid chromatographic RP-HPLC method with fluorescence FL
detection and mass spectrometry MS identification was performed for the trace analysis of
oestradiol E2 and oestriol E3 in urine. This reagent shows higher sensitivities in ultraviolet

UV  FL and MS detection than those of dansyl chloride DNS-Cl and the fluorescence in-
tensity of EASC is 1 000 times higher than that of DNS-CI. The results of derivatization indica-
ted that the derivatives can be obtained by the labeling reaction of EASC with estradiol E2
and estriol E3 in the presence of NaHCO, buffer pH 10.5 at 60 C for 3 min. The excitation
wavelength A, and emission wavelength A, were 270 nm and 430 nm respectively. The
established method exhibited excellent reproducibility and recovery. The calibration curves
were linear with regression coefficients over 0. 999 0 and the detection limits S/N =3 were
40 31 fmol for the studied compounds. The practical applicability of the method was demon-
strated by analyzing trace of free oestradiol and oestriol in the urine of root voles.
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Table 1 Estimated pK, ionization efficiency I and mass spectrometry enhancing functional groups
in DNS-CI1 and EASC derivatives of oestradiol E2 and oestriol E3
Compound Function Pk, /% *®
group pH3.0 pH4.0 pHS5.0 pH6.0 pH7.0 pHS8.0 pH9.0
E3 3-OH 10.25£0.70  5.62x10°° 5.6 x2107° 5.62x10°* 5.62x10°* 5.62x10 > 0.56 5.32
16-OH 15.55+0.60 2.82x107" 2.82x107"" 2.82x107? 2.82x10°% 2.82x10"7 2.82x107° 2.82x10"°
17-OH 14.55+0.60 2.82x10°" 2.82x107° 2.82x10"* 2.82x10°7 2.82x107° 2.82x107° 2.82x10°*
EASC-E3 9-OH 3.12 £0.30 43.14 88.35 98. 69 99. 86 99.98 99.99 99.99
16-OH 15.52£0.60 3.02x10"" 3.02x10°" 3.02x10"° 3.02x10"% 3.02x1077 3.02x10°% 3.02x10°°
17-OH 14.51£0.60  3.09 x107' 3.09x107? 3.09x10°* 3.09x10"7 3.09x10°¢ 3.09x107° 3.09x10~*
DNS-CI-E3  5-NH 3.23 +£0.30 37.06 85.48 98.33 99.83 99.98 99.99 99.99
16-OH 15.52£0.60 3.02x10°" 3.02x107" 3.02x107° 3.02x10°% 3.02x1077 3.02x10°% 3.02x10°°
17-OH 14.51£0.60 3.09 x107"" 3.09x10"° 3.09x10"% 3.09x1077 3.09x10°% 3.09x107° 3.09x10"*
E2 3-OH 10.27 £0.60  5.37 x10°° 5.37x107° 5.37x10°* 5.37x107° 5.37x107?2 0.534 5.09
17-OH 15.09£0.40 8.13x10°" 8.13x10°" 8.13x10°? 8.13x10°% 8.13x10"7 8.13x10°° 8.13x10°°
EASC-E2 9-OH 3.12£0.30 43. 14 88.35 98. 69 99. 87 99.98 99.99 99.99
17-OH 15.04 £0.40  9.12x107" 9.12x107" 9.12x107° 9.12x10°% 9.12x1077 9.12x10°% 9.12x1°"?
DNS-CI-E2  5-NH 3.23 +£0.30 37.06 85.48 98.33 99.83 99.98 99.99 99.99
17-OH 15.05+0.40 8.91x10°" 8.91 x107'" 8.91x10°° 8.91x10™% 8.91x10"7 8.91x10°° 8.91x10"°

1 The apparent dissociation constant pK, +95% confidence limit was estimated using the ACD/pK, DB software. 2 The ionization

efficiencies were calculated using the equations 1 and 2.
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cleavage mode for oestradiol derivatives
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EASC-OH 10- -3- Table 2 Linear regression equations correlation coeffi-
APCI-MS cients and detection limits of oestradiol and
oestriol EASC derivatives

2.6
EASC derivative Regression equation r LOD/fmol
Oestradiol E2 Y =44.4814X -16.1912 0.9991 40
6 Oestriol E3 Y =45.668X -27.1719 0.9993 31
RSD 0.011% 0. 014% Y peak area X injected amount pmol.
. o ~ 0. (]
RSD  0.20% ~0.39% 2.7
40. 0 pmol ~ 50 fmol
Y X 4 200 wL
S/N =3 2 40 6
31 fmol 0.999 1 RSD 3
3 RSD n=6

Table 3 Contents of oestradiol and oestriol in the urine of root voles recoveries and relative standard deviations RSDs
for oestradiol and oestriol spiked in urine sample of root voles n =6

Content/ Added/ Found/ Recovery/ RSD/ APCI-MS
Compound . o s
ng/L ng/L ng/L % % identification
EASC-E2 2.30 13.60 15.90 90.18 2.56 Yes
EASC-E3 4.08 14. 40 18.48 81.78 4.36 Yes
72 8 666

-i % | 5 Biancotto G Angeletti R Traldi P et al. J Mass Spectrom

ir",l i 2000 37 12 1266

| < | 6 Croley TR Hughes RJ Koening B G et al. Rapid Com-

mun Mass Spectrom 2000 14 13 1087
7 Huang C Jiang LY Chen J M et al. Chinese Journal of

Chromatography . 2008
26 5 618
8 ChenJ Qin Y Zhang M J. Chinese Journal of Chromatog-
raphy . 2006 24 1 19
#/min 9 Zhang H MaoJ Sun CJ etal. Chinese Journal of Chroma-
4 tography . 2003 21 5 451
Fig. 4 Chromatogram of oestradiol and oestriol 10 Russell J A Malcolm R K Campbell K et al. J Chroma-
in the urine of root voles togr B 2000 744 1 157
11 Zhang H W Henion J. Anal Chem 1999 71 18 3955
3 12 Ma Q Wang C Wang X et al. Chinese Journal of Chroma-
tography . 2007 25 4 541
10- - 13 Xiao X H YinY Hu YL et al. Chinese Journal of Chroma-
tography . 2007 25 2 234
14 Zhao S Wu D N Wang P. Chinese Journal of Chromatog-
10- raphy . 2004 22 3 267
15 TaiSSC Welch M J. Anal Chem 2005 77 19 6359
-2- 16 Gong Y Yip S C Thamarai S K et al. J Chromatogr B
2007 860 2 166
17 Friso S Choi S W Do Inikowski G G et al. Anal Chem
APCI- 2002 74 16 4136
MS 18 Zhao HX SunXJ SunZ W et al. Chinese Journal of An-
alytical Chemistry
2009 37 2 187
19 Simonetta F  Sangw C Gregory G et al. Anal Chem
2002 74 17 4526
20 Ndjoko K Wolfender J L. Hostettmann K. J Chromatogr
B 2000 744 2 249
1 XuL Spink D C. Anal Biochem 2008 375 1 105 21 Chen R F. Anal Biochem 1968 25 412
2  Biddle S Teale P Robinson A et al. Anal Chim Acta 22 Kosoy A Moller G Perdomo D et al. J Bio Mol Bio
2007 586 115 2004 37 2 260
3  WuH Ramsay C OzaetaP etal. Clin Chem 2002 48 364 23 Geuns JM C Orriach M L Swennen R et al. Anal Bio-

Santen R J Demers L Ohorodnik S et al. Steroids 2007 chem 2006 354 1 127





