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Abstract : The improved derivatization technique of tamoxifen metabolite in human urine is described

for the acylation method that they are substituted by derivatization reagent like acyl anhydride for use
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of gas chromatography/mass spectrometry. The hydroxyl group of tamoxifen metabolite was derivatized
by trifluoroacetic anhydride (TFAA), pentafluoroacetic anhydride (PFPA) and heptaflorobutylic anhydride
(HFBA). It was investigated to the gas chromatography/mass spectrometry (GC/MS) technique use

negative ion chemical ionization (NCI), positive ion chemical ionization (PCI) and electron impact (EI).

In acylation of the metabolites of tamoxifen, the effective reaction temperature and time were shown to

be at 50 T for 30 min. The 4-hydroxytamoxifen, which is known to major metabolite of tamoxifen,

was not detected in human urine, whileas the hydroxymethoxytamoxifen was detected. We thought that

this result was from the single dose of tamoxifen.

Key words : Tamoxifen, metabolite, gas chromatography/mass spectrometry, acylation, derivatization, electron

impact, and chemical ionization
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Table 1. GC/MS operating conditions
1) GC parameter

Brand : HP ultra-1, length 17 m, inner diameter 0.20 mm, film thickness 0.33 xm.
(Agilent, Palo alto, CA, USA)
Type : 100% methylsiloxane
Flow rate : 1.0 mL/min (carrier gas, reagent gas)
Split ratio : 10 : 1
Injection volume : 2 pL
Injector temperature : 280 C
Carrier gas : He
Oven temperature :

Temp.[time] rate temp.[time] rate temp.[time] rate temp.[time]
C [min] C /min C [min] C/min C [min] C/min C [min]
150 [2] 15 260 [0] 20 300 [1] 20 300 [2]

2) MS parameter

Ionization mode : Electron ionization, Chemical ionization (Positive, Negative) mode
Acqusition mode : Scan mode

Interface temperature : 280 C

Source temperature : 180 C

Reagent gas : Methane (99.9999%)

2 Z9AR 5, O AFE 02M phosphate buffer (pH T2 Ald#og2 {73 Ax 7lag 93] S, A%
7.0) 1 mL¥} B-glucuronidase 25 WLE Wil 55 CollA 1 A7 & F& I8 AIPS 9814+ HPLC/DADY Al

b st e A A R & EEe] &
H Alg#ES Aeog YZIA|F)IL potassium carbonate ™
oF 100 mgS 7}ste] pHE 92 2AF T, &gl AR
Z3o] AAY distilled diethyl ether 5 mL < 7}8Fth

Fstgon olmje] AL Tuble 20 FE3IHC
GCMSE AHE3l= 744 24 &9 =43 A4S
7 % GCMSe FstAth

ShakerE ARE3t] 1023 WRAIA FZ3AL o] & 3. &1 3 mE
FE&HE 2500 pmellA 5E7F A EE T F 30 GCQ]
Y5710 A bufferd®t GA stATh A &2 ethers & Tamoxifen [Z-(1-4-(2-dimethylaminoethoxy)phenyl/-1,2-

Table 2. HPLC/DAD operating conditions
Instrument : Agilent 1100 series LC G1315A diode array detector system

Column : Hypersil-OSD Cig column (4.6 mm id. X 75 mm length, particle size 5 ym)
Flow rate : 1.0 mL/min

Mobile phase :

Time Acetonitrile Ammouium acetate buffer
Initial 30% 70%
15 min 80% 20%

Injection volume : 10 pL
Run time : 20 min
Oven Temperature : 40 C

Detection wave length : 240 nm
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Fig. 1. The metabolites of tamoxifen in human urine.
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Fig. 2. Effect of reaction temperature in fluoroactylation

procedure of the 4-hydroxytamoxifen.
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Fig. 3. Effect of reaction time in derivatization procedure
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3.2. Ofalst BtS

oA Blg ukg 27 Slol|A] TFAA, PFPA, HFBA
2 F=A3% 4-hydroxytamoxifenS GC/MSE AZE3}HS
om 1 A= Fig. 49 JEMIGITE 2"”eA BE u)
9} o] electron impact (ED ¥} negative ion chemical
ionization NCDHo.Z #Es 23S YehlIslon po-
sitive ion chemical ionization PCHNME AZEFEHA &
k). Fig. 49] EI'HolE 10.5280) 4 tamxifen®} TFAA,
PFPA, HFBAZ #%A8E 4-hydroxytamoxifenS Z}2}
10.88 &, 1087 &, 11028 AZ & = ek 6k
So] AP R &+ tamoxifend] A YA A== A
Z5o] YR AFEARY F84S gl & & Utk
NCI'Ho.2 B3l 4-hydroxytamoxifens HH TFAAS]
749~ PFPAS} HFBAO| HI3| Atidoz WalEdEo]
o] AZEY, TFAAY AL 1.1 x 10°, PFPASH
HFBAE 77} 82 x 10°, 1.6 x 10’9 ZEE Yepdo
24 freAst 3G ol oAy opdst vk F
PFPA7} 718 d5st 295 B3tk

L3 Fig. 59|+ 4-hydroxytamoxifenS TFAA, PFPA,
HFBAZ =43} vk A7l & E[YoZ HES o5
9o dg~HERDS YUY Tamoxifend] A& Eut
WrlelA dehde or|=7]9] afjx]¢ BRI E
7|2 RE 49 mjz 7120123 mjz 58020 HE
H1 72t fFEAS ¥ BAE] miz 483, m/z 533, m/z
5830]20] AEEoZHN o}zl wkgo] FYHUSS
shlgk 4 AUSITh

Fig. 691= TFAA, PFPA, HFBAZ 454|318 4-hy-

Vol.17, No.4, 2004

1A Wl ARl A9 Tamoxifen WA HES AT F=AS A7 327

ytamoxifen®] NCI 2 ~HAEHS Yehlile. 2+ &
sEdoE Erto]e mjz 411, 461, 5110] AZEC
W El A% ~9EZY Ao I HENE o
4-hydroxytamoxifen®] 3]=FA]7]o] TFAA, PFPA, HFBA
7} FEAS 28 A F UM

02 AHI Y= 9% (reverse phase) LCHS A
st BEFE 34s MRS Sth &9 2de &
2g oMEHIE ¢F&HF MEVELS oF
#em ogde] opAEUEYS 2L 30%0IA
80%7HA 17 3.3%2 S7MI7IEA 71&7] &2 Al
A BFEAES Leol A7 AR #9800 AL 2
2l Fig. 6914 He ule} o] LC AZvtEIH
Uv zdEdon i 429 #klo] 7hssiiith
4-Hydroxytamoxifen= 9.619 minolA|, W& ZTFEZ
(mathyltestosterone) @} tamoxifen< 2z} 10.155 min¥}
11.493 minol| 4 AZ3}A.

S =AERE Y Wi G3s Gotry] st
Hle} A Zof| tamoxifen, 4-hydroxytamoxifen 18] W&
EF B HF 89S & F FEH 10 pgml7) H =
HA7kete] Alg AAEE AY F T 20 0E A
FHataen ol gk A= Fig. 79 YERIATH
aFol|lA FF &9, vl A E (negative control urine)
a8 xF 89S H7MAZl A E (positive control
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Fig. 4. Extracted ion chromatograms of tamoxifen and 4-hydroxytamoxifen with TFAA (a), PFPA (b), HFBA (c)

in EI and NICI modes by GC/MS.
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Fig. 6. HPLC chromatogram (upper) and UV spectra (bottomm) of standard tamoxifen, 4-hydroxytamoxifen and
ISTD (methyltestosterone).
Concentration of tamoxifen, 4-hydroxytamoxifen and ISTD : Each 10 pxg/mL in methanol.
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Fig. 7. HPLC chromatograms of standard tamoxifen (a), negative control urine (b), positive control urine (c).
Concentration of tamoxifen and 4-hydroxytamoxifen : 10 pg/mL in urine.
Concentration of ISTD : 10 pg/mL in urine.
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Table 3. The effect of pH on the extraction recovery
of spiked tamoxifen and 4-hydroxytamoxifen
in human urine by HPLC/DAD

Tamoxifen n=5
pH Recovery (%) SD’ RSD (%)
5.0 72.96 6.67 9.15

6.0 76.20 0.13 0.18

7.0 73.97 122 1.59

8.0 73.26 1.66 2.26

9.0 7322 3.93 5.36
4-Hydroxytamoxifen n=>5
pH Recovery (%) SD’ RSD (%)"
50 89.46 7.70 8.61

6.0 89.33 3.28 352

7.0 9291 3.10 348

8.0 84.11 2.32 2.76

9.0 84.60 2.18 2.58

" SD : Standard deviation
“RSD : Relative Standard deviation
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27 FE39E W 3588 tamoxifend] ¢ 86.52
%, 4-hydroxytamoxifen 2 95.61%= & Bt} =gtow
AN EZAR RSD)E 42t 3.65% 9F 1.49%= H|wF
U353 AAE AUt FE 1 pgmle H71E A9
tamoxifen 71.05%, 4-hydroxytamoxifen2 98.06%2] &=
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Table 4. The effect of extracting solvent on the
extraction recovery of spiked tamoxifen and
4-hydroxytamoxifen in human urine by
HPLC/DAD.
Tamoxifen n=5
Solvent Recovery (%) SD  RSD (%)
Diethyl ether (500 ng/mL) 86.52 3.16 3.65
Diethyl ether (1 xg/mL) 71.05 3.05 4.30
n-pentane (500 ng/mL) 49.63 2.81 5.60
4-Hydroxytamoxifen n=>5
Solvent Recovery (%) SD  RSD (%)
Diethyl ether (500 ng/mL) 95.61 1.42 1.49
Diethyl ether (1 pg/mL) 98.06 2.77 2.82
n-pentane (500 ng/mL) 34.36 291 8.46
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