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Abstract A reliable ultra-high performance liquid chromatography-tandem mass spectrometry
UPLC-MS/MS method for the simultaneous determination of 7 female sex hormones estriol
estradiol estrone ethinyloestradiol dienestrol hexestrol diethylstilbestrol in essential oil

was developed. The sample was extracted by ethylacetate-normal hexane solution 2:98 v/v

and the extract was purified by a silica solid phase extraction-based clean-up column. Then

the analytes were separated on an ACQUITY UPLC BEH SHELD RP18 column 100 mm x 2. 1
mm 1.7 pm in gradient elution with the mobile phases of water and acetonitrile. The separa-
ted compounds were detected with a Waters Xevo TQ MS tandem quadrupole mass spectrome-
ter operated in negative electro-spray ionization using multiple reaction monitoring mode. Estri-
ol-D3 estradiol-D3 and diethylstilbestrol-D6 were used as the internal standards to reduce the
matrix effects. The limits of detection and quantitation for the 7 female sex hormones in essen-
tial oil were 0.3 -7 wg/kg and 1 - 20 pg/kg respectively. Good linear relationships and high
correlation coefficients 7’ =0.997 were obtained in the mass concentration range of 20 — 500
wng/L. The average recoveries were 88. 5% —114. 8% and the intra-assay relative standard devia-
tions were 4. 8% - 18. 9% at the spiked levels of 20 - 500 png/kg. Finally a total of 12 samples
randomly collected from different supermarkets in Zhejiang Province were screened for the 7
female sex hormones by the proposed method. The results showed that only one sample con-
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tained estradiol and estrone.

Key words isotope dilution ultra-high performance liquid chromatography-tandem mass spec-
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1.1
Waters ACQUITYTM Ultra Performance LC
Xevo TM TQ MS
Waters Alltech
IKA 500 mg 6 mL
CNW
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female sex hormones essential oil

99. 0% 99. 5%
99.5% 100 wg/L
98. 0% 99. 1% -D3
-D3 -D6 Dr. Ehrenstorfer
1.2
1.2.1
7 10 mg
100 mg/L
1 mg/L -D3 -D3
-D6
1.2.2
0.20 g 10 mL
100 pL 1 mg/L
15 s 5 mL - 2:98 v/v
30 s
5 mL 5 mL
5 mL - 2:98 v/v
3 mL
X2 - 2:98 v/v
2 mL x3 - 90:10 v/v
10 mL 50 C
1 mL - 50:50 wv/v
1.2.3
0.20 g
1.2.2
1.3
SHIELD BEH RP18
100 mm x2.1 mm 1.7 pm 40 C
5 L 0.3 mL/min A
B 1
ESI
MRM 2.50 kv
150 C 500 C
800 L/h 50 L/h 0.299
Pa
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1 7 LC-MS/MS
Table 1 UPLC-MS/MS parameters for 7 female sex hormones
Hormone Retention time/min  Monitoring ion pair m/z Cone voltage/V  Collision energy/eV  Internal standard
Estriol 1.35 287.3/145. 1 64 36 estriol-D3
287.3/171.1° 64 34
Estradiol 2.99 271.2/145.0 62 40 estradiol-D3
271.2/183.0° 62 36
Estrone 3.33 269.2/159.0 56 33 diethylstilbestrol-D6
269.2/145.0" 56 40
Ethinyloestradiol 3.61 295.4/159.0 54 38 estradiol-D3
295.4/145.0" 54 30
Dienestrol 4.53 265.3/249.1 42 24 estradiol-D3
265.3/92.9° 42 28
Hexestrol 4.87 269.2/119.0 30 32 estradiol-D3
269.2/134.1" 30 16
Diethylstilbestrol 5.03 267.2/251.1 44 28 diethylstilbestrol-D6
267.2/237.1° 44 28
Estriol-D3 1.35 290.3/147. 1 60 38 -
290.3/173.0" 60 36 -
Estradiol-D3 2.96 274.4/145. 1 60 44 -
274.4/185.1" 60 34 -
Diethylstilbestrol-D6 5.00 273.3/222.1 44 36 -
273.3/237.1" 44 30 -
% primary product ion.
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700 400 pL S 74
2.6 20 50 100 200 500 pg/L
2.6.1 Y
- 111 vy X pg/L
1.0 mg/L 20 50 100 2 7 20 ~500 wg/L
200 500 pL 1 mL 1.0 mg/L
100 pL 880 850 800 7 0. 996
2 7 n=6
Table 2 Linear relationships limits of detection LOD and limits of quantification LOQ for 7 female sex hormones
Hormone Linear equation Linear range/ ng/L ¥’ LOD/ pg/kg LOQ/ pg/kg
Estriol Y =0.01247X -0.0422 20 - 500 0.9967 7 20
Estradiol Y=0.01517X +0.128 20 - 500 0.9990 5 15
Ethinyloestra-diol Y=0.01051X +0.038 20 - 500 0.9984 6 20
Estrone Y =0.03760X +0. 121 20 - 500 0.9984 5 15
Dienestrol Y =0.09762X -0.093 20 - 500 0.9996 3 10
Diethylstilbe-strol Y =0.01854X +0. 150 20 - 500 0.9972 1 3
Hexestrol Y =0.04290X +0.113 20 - 500 0.9988 0.3 1

Y quantification ion peak area ratio between the analyte and the internal standard X mass concentration of the analyte.

2.6.2
1052 10.5 ug/L
S/
N S/N =3
LOD S/N =10
LOQ 2 7 LOD
0.3 ~7 pg’kg LOQ 1 ~20 pg/kg
2.6.3
7
20 100 500
g/ kg 100 ng
6 1.2.2
1 mL 3 3
88.5% ~114.8% 92.5%
~112.7% 94.4% ~111.7% RSD
3 7 n=6

Table 3 Recoveries and precisions of 7 female sex hormones
spiked in a blank essential oil sample %

Spiked level/ ng/kg

Hormone 20 100 500

Recovery RSD Recovery RSD Recovery RSD
Estriol 102.6 8.7 92.5 8.6 99.4 6.0
Estradiol 94.8 12.6 92.7 4.8 108.9 5.9
Estrone 99.1 18.4 112.7 15.3 95.8 12.6
Ethinyloestradiol 88.5 17.3 101.9 14.8 109.6 10.3
Dienestrol 114.8 14.0 102.1 11.0 105.2 13.9
Diethylstilbestrol 93.6 16.5 92.8 7.8 94.4 4.4
Hexestrol 99.8 18.9 100.7 9.0 111.7 15.2

8.7% ~18.9% 4.8% ~15.3% 4.4% ~15.2%
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Fig. 3 MRM chromatograms of estradiol and estrone
in a positive sample of essential oil
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