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Abstract: A method was developed for the determination of 11 anabolic hormones ( boldenone

androstenedione nandrolone methandrostenolone methyltestosterone testosterone testos—
terone acetate trenbolone testosterone propionate stanozolol fluoxymesterone) in fish by
multifunction impurity adsorption solid-phase extraction-ulirafast liquid chromatography-tan—
dem mass spectrometry. After the sample was extracted by methanol the extract was cleaned—
up quickly by C ¢ adsorbent neutral alumina adsorbent and amino-functionalized nano-adsor—
bent. The separation was performed on a Shim-Pack XR-ODS Il column ( 100 mm X 2.0 mm

2.2 pm) using the mobile phases of 0. 1% ( v/v) formic acid in acetonitrile and 0. 1% ( v/v)

formic acid solution in a gradient elution mode. The identification and quantification were
achieved by using electrospray ionization in positive ion mode ( ESI") in multiple reaction mo—
nitoring ( MRM) mode. The matrix-matched external standard calibration curves were used for
quantitative determination. The results showed that the calibration curves were in good linearity
for the eleven analytes with the correlation coefficients (r) more than 0.999. The limits of de—
tection ( LODs S/N >3) for the 11 anabolic hormones were from 0.03 pg/kg to 0.4 pg/kg and
the limits of quantification (LOQs S/N >10) were from 0.1 pg/kg to 1.5 pg/kg. The average

recoveries ranged from 80.9% to 98. 1% with the relative standard deviations between 5.2%
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and 11.5%. The method is simple rapid sensitive accurate and suitable for the quantitative
determination and confirmation of the 11 anabolic hormones in fish.
Key words: multifunction impurity adsorption solidphase extraction; ultrafast liquid chroma-

tography-tandem mass spectrometry ( UFLC-MS/MS) ; anabolic hormone; fish tissue
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Table 1 Q1/Q3 ion pairs declustering potentials (DP) collision energies ( CE) of MRM and
retention times (¢z) for the 11 anabolic hormones
Compound Precursor ion ( Q1 m/z) Fragment ion ( Q3 m/z) DP/V CE/eV tp /min
Boldenone 287.3 135.2" 121.1 130 22 17 3.70
Androstenedione 287.2 97.0"  109.2 130 30 30 4.46
Nandrolone 275.2 109.17  239.3 200 36 20 3.85
Methandrostenolone 301.2 121.1° 149.2 100 28 23 3.95
Methyltestosterone 303.2 97.1" 109.2 150 32 24 4.40
Testosterone 289.2 97.0"  109.1 120 28 33 4.12
Testosterone acetate 331.2 97.0" 109.2 180 28 35 5.91
Trenbolone 271.2 253.2" 199.2 80 26 32 3.54
Testosterone propionate 345.2 97.0"  109.0 100 27 33 6.48
Stanozolol 329.2 81.1° 95.1 140 60 50 3.72
Fluoxymesterone 337.2 241.2" 131.2 160 35 42 3.37
* Quantitative ion.
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Fig. 1 Recoveries of 11 anabolic hormones extracted by methanol acetonitrile acetone
ethyl acetate and dichloromethane
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1. fluoxymesterone; 2. trenbolone; 3. stanozolol; 4. bolde—
done; 5. nandrolone; 6. methandrostenolone; 7. testosterone;
. 8. methyltestosterone; 9. androstenedione; 10. testosterone
acetate; 11. testosterone propionate.
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1000 w100 mL
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Table 2 Linear regression equations linear ranges correlation coefficients ( r)

limits of detection ( LODs)

and limits of quantification ( LOQs) of 11 anabolic hormones

Compound Regression equation Linear range/( pg/L) r LOD/( pg/kg) LOQ/( pg/kg)
Boldenone A =5.62x10*C +4.58 x10° 0.5 -200 0.9995 0.09 0.3
Androstenedione A =3.34 x10*C +3.51 x 10? 1.0 -200 0.9996 0.2 0.6
Nandrolone A =1.27 x10*C +9.48 x 10? 2.0 -200 0.9998 0.4 1.5
Methandrostenolone A=1.53%x10°C +2.66 x10* 0.2 -200 0.9999 0.03 0.1
Methyltestosterone A =5.53x10*C +4.27 x10° 0.5 -200 0.9999 0.1 0.3
Testosterone A =8.54 x10*C +6.02 x 10° 0.5 -200 0.9995 0.05 0.2
Testosterone acetate A =2.23x10*C -8.96 x 10? 2.0 -200 0.9992 0.3 1.0
Trenbolone A =9.72x10*C +1.09 x 10* 0.2 -200 0.9997 0.04 0.15
Testosterone propionate A =2.81 x10*C -1.62 x 10° 1.0 -200 0.9990 0.2 0.6
Stanozolol A =5.83x10*C +1.13 x 10* 0.5 -200 0.9988 0.06 0.2
Fluoxymesterone A=2.02x10*C +1.90 x 10° 1.0 -200 0.9999 0.2 0.7

A: peak area; C: mass concentration

wg/L. LOD: S/N >3. LOQ: S/N >10.
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Table 3 Spiked recoveries and relative standard deviations
(RSDs) of 11 anabolic hormones (n =6)

Compound Added/ Found/  Recovery/ RSD/
(pglke) (pg/ke) % e
Boldenone 2.0 1.96 £0.15 98.1 7.6
10.0 9.49+0.60 94.9 6.4
100.0 88.5+5.9 88.5 6.7
Androstenedione 2.0 1.90 £0.18  95.2 9.2
10.0 8.84+0.53 88.4 6.0
100.0 85.0+£6.2 85.0 7.3
Nandrolone 2.0 1.81£0.19 90.7 10.7
10.0 8.46 £0.65 84.6 7.7
100.0 86.5+7.3 86.5 8.4
Methyltestosterone 2.0 1.83+0.16 91.6 8.6
10.0 8.78 £0.48 87.7 5.4
100.0 83.9£5.7 83.9 6.7
Testosterone 2.0 1.95+0.14 97.6 7.3
10.0 8.93+0.46 89.3 5.2
100.0 91.4£5.8 91.4 6.3
Testosterone acetate 2.0 1.85+0.16 92.3 8.6
10.0 9.01 £0.58 90.1 6.5
100.0 91.6 £6.9 91.6 7.6
Trenbolone 2.0 1.76 £0.13  88.1 7.7
10.0 8.45+0.51 84.5 6.1
100.0 86.7 £6.0 86.7 6.9
Testosterone propionate 2.0 1.76 £0.17  87.9 9.4
10.0 8.92+0.66 89.2 7.4
100.0 92.3+7.3 92.3 7.9
Stanozolol 2.0 1.71 £0.20 85.4 11.5
10.0 8.09 £0.68 80.9 8.4
100.0 88.0+7.3 88.0 8.3
Methandrostenolone 2.0 1.92+0.16 96.0 8.2
10.0 9.44+£0.69 94.4 7.3
100.0 92.7+7.3 92.7 7.8
Fluoxymesterone 2.0 1.85+0.18 92.5 9.6
10.0 8.81+0.71 88.1 8.0
100.0 90.1 7.9 90.1 8.7
2.5
20 (10
10 ) 20

1 NY 50712002
Ministry of Agriculture. No. 235 Bulletin of the Ministry of

o

Agriculture of the People’ s Republic of China (
235 )

3 Yang LH Lan CY Liu HT
2006 386: 391

4 SeoJ Kim HY Chung B C
1067: 303

5  Zorita S Hallgren P Mathiasson L. J Chromatogr A 2008
1192: 1

6 Lin WH Dong WF Chen X
Chromatography (
27(3): 294

7 ChenJ Qin Y Zhang M J. Chinese Journal of Chromatog—
raphy ( . ) 2006 24(1): 19

8 Xie WP Ou-Yang YL Huang YY et al. Chinese Journal

et al. Anal Bioanal Chem

et al. J Chromatogr A 2005

Chinese Journal of

) 2009

et al.

of Chromatography (
) 2010 28(4): 388
9  Schlusener M P Bester K. Rapid Commun Mass Spectrom
2005 19: 3269
10 Huang XJ LinJ B Yuan D X
2009 1216: 3508
11 He LM Huang X H Fang B H et al. Chinese Journal of

et al. J Chromatogr A

Chromatography ( . )
2008 26(6): 714
12 ChenHH Ying YF WuP G
Analytical Chemistry (
) 2009 37(2): 181
13 Qin Y Chen J Zhang M J. Chinese Journal of Analytical
2006 34(3):

et al. Chinese Journal of

Chemistry ( . )
298
14  Regal P Vazquez BT Franco C M et al. J Chromatogr B
2009 877: 2457
15  Yang Y Shao B ZhangJ. J Chromatogr B 2009 877: 489
16 Luo HT Huang XL Wu HQ etal. Journal of Instrumen—
tal Analysis (
) 2011 30(12): 1329
17 LiJ W Wang W Huang W et al. Journal of Chinese Mass
Spectrometry Society (
) 2009 30( Suppl) : 128
18 Zhao Y G Shen HY Shi ] W
2011 1218: 5568

et al. J Chromatogr A



