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in Urine due to the Chemical Castration

Sujin Jeong, Seungkyung Baeck, Sunhye Park, Kkonnip Son, Yonghoon Park and Sangki Lee”
Drug & Toxicology Div., Forensic Science Dept., National Forensic Service, Seoul 158-707, Korea

Abstract —

"The Act on Medication Treatment of Sexual Impulse of Sex Offenders" known as chemical castration has been

effective since July 2011 in Korea. According to the law, monitoring of male sex hormone in urine is enforced to request
National Forensic Service more than once a month after injection of medicine designed to reduce sex impulse. We estab-
lished a rapid and sensitive method for the monitoring of testosterone (T) and epitestosterone (E) in human urine by liquid
chromatography with tandem mass spectrometry (LC-MS/MS). Three mL of urine was pretreated by solid-phase extraction
for purification and performed enzymatic hydrolysis. The pretreated samples were extracted twice with 2 m/ of ethyl acetate
and n-hexane (2 : 3). The separation was applied on Thermo Hypersil GOLD C18 column (1.9 um, 100x 2.1 mm). A gradient
elution of methanol and water of 0.1% formic acid were used as mobile phase and the retention time was less than 10 min.
LC-MS/MS system coupled with an electrospray ionization source was performed in multiple reaction monitoring mode.
The transitions of the analytes executed as following: m/z 289—97, 109 for T and E, m/z 292—109 for T-d; and E-d; as
internal standards. The validation results of the method were satisfactory. The limits of detection were 0.05 ng/m/ and the
limits of quantification were 0.1 ng/ml. This method was successfully applied to real human urine sample. The developed
method will be useful for monitoring T/E ratio in urine of sex offenders.
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Fig. 1 — Chemical structures of (a) testosterone, CAS No.: 58-22-0,
M.W.: 288.42 and (b) epitestosterone, CAS No.: 481-30-1,
M.W.: 288.42
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Urine 3 mL IS mixture(testosteron-d;+Epitestosteron-ds) 100 ng/mL,
30 pL and vortexing

Il
[ Apply on HLB Column
Activating : MeOH 2 mL, D.W. 2 mL N
Loading : 3 mL urine sample
Washing : D.W. 2 mL
Eluting : MeOH 2 mL(twice) y
[ Dry under N; stream for 15~20 min.
[ Add 0.1 M-Phosphate buffer 1 mL
[ Add B-glucuronidase(E.coli) 50 pL. and 60 °C , incuvation for 1hr.
[ Add 5 %-K,CO; 0.7 mL
[ Liquid-liquid extraction with 2 mL EtoAc : Hexane = 2 : 3(twice)
Dry under N; stream and reconstitute with 70 % MeOH 150 pL, A
filtration
[ LC/MS/MS injection ]

Scheme 1 - Extraction procedure of male sex hormone in urine.
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Table I - MRM transitions and retention time of testosterone and

epitestosterone

Ql Q3 RT D DP EP CE
97 633 Testosterone

289 109 691 epitestosterone 9% 10 3

6.30 Testosterone-d;

6.88  epitestosterone-dy 101 10 31

292 109

* MRM transitions with bold font mean values for quantitative
analysis.

AR = flstel 24 FA=A e diste] F7HE] multiple
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JHAEAHELS o]AdZAo]7] wjE<] precusor-product ion®|
m/z 28997, 1092 U3, "R R BIAEAEHE-d, 2
oI H| A EAHE-dy
1095 Ut A 2318 =18
2S Table 19} 2},

3} precusor-product ion® 2 m/z 292—
O (Table I), mass ~FE
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212973 (linearity)S HESF] $13 0.1~10 ng/mie] 5% HS
= A3k A& (limit of detection)®} =3HA] (limit of
quantitation)= A73F7] Y&l 0.1 ng/ml ©]3}e] FEoA ¥
3k, SN H]Eo] 3 o)l A5 HAESHAR Ao, #o]
AF(CV)7F 20% RO AL bias7} +20%%) 749 dFAIZ 4
3Tt A% (accuracy)2} 4 % (precision)s 13171 918 A,

=, 115504, 4 W 8ng/m)ollA AT}, sl& (recovery)

curtain gas, 20 psi; collisionally activated dissociation(CAD), 9} MEBA g3 (matrix effect)®®= 2ol A3 A ETolA
medium; ion spray voltage(IS), 5500V; heated nebulizer L4t BNy 25 A BAEES HU1eE 34 FEE,
temperature(TEM), 600°C; nebulizing gas(GS1), 45 psi; 12 FE T BMEAS IR ¥4 FEES 2 2451 v
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Table II - MRM transition and mass spectra for testosterone and epitestosterone
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Fig. 2 — Confirmation of MRM chromatogram for testosterone and epitestosterone in blank urine as matrix.
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Fig. 3 — (@) MRM chromatogram for testosterone and epitestosterone in blank urine sample spiked standards and internal standards, (b)
chromatogram of extraction ion for testosterone and epitestosterone, (c) chromatogram of extraction ion for testosterone-d; and
epitestosterone-d,, retention time: testosterone (6.33), epitestosterone (6.91) testosterone-d; (6.30) and epitestosterone-d; (6.88).
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Table IIT - Validation results of testosterone and epitestosterone in urine

Conc. Precision (%) Accuracy (%) Recovery” Matrix effect”
(ng/ml) Intra-day Inter-day Intra-day Inter-day (%) (%)
0.4 1.52 7.76 4.17 2.66 93.36 3.53
Testosterone 4 1.74 6.36 -0.95 2.78 92.26 5.88
8 1.45 5.76 -0.12 3.02 92.95 3.13
0.4 2.69 2.88 0.65 1.88 92.00 1.12
Epitestosterone 4 0.61 5.62 2.10 2.82 90.33 4.77
8 1.15 5.27 1.03 3.03 84.03 12.99

a)Recovery (absolute recovery, %)=B/Ax100.
YMatrix effect(post-extraction addition)=(1-C/A)x100.
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[

= el wt FEe & A0 Uy
EFEAC] AZel HEAS] s FEIEE AESKITHEg.
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Lxo]& SN HEo] 3 o)y, ARrkE T3y} WIS Aj7lo] 2
< w2 AFsla, A FYEE AATEE 53] A
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=2
H

T,
T

(Table III).

Table IV — Concentration of testosterone and epitestosterone, and
T/E ratio in urine of normal person

Case Sex  Age T Cal. Con. E Cal. Con. T/E
No. (ng/ml) (ng/ml) ratio
N1 M 26 70.4 70.6 1.00
N2 M 21 7.95 69.8 0.11
N3 M 38 28.9 28.9 1.00
N4 M 43 1.87 21.6 0.09
N5 M 45 3.69 52.0 0.07
N6 M 36 0.55 10.1 0.05
N7 M 32 3.55 43.6 0.08
N8 M 24 20.3 116 0.18
N9 M 43 33.3 32.6 1.02
N10 M 33 3.25 21.0 0.15
N11 M 42 59.9 35.8 1.67
N12 M 35 2.46 25.8 0.10
N13 M 39 1.38 17.6 0.08
N14 M 45 0.89 5.83 0.15
N15 M 29 9.79 107 0.09
N16 M 41 0.51 345 0.15
N17 M 37 5.32 46.3 0.11
N18 M 51 64.0 43.1 1.48

J. Pharm. Soc. Korea
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