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SUMMARY 

A method i+ described for the clinical analysis of the nonsteroidal anti-estrogenic, anti- 
neopkstic sgent, tamoxifen and ifs 4-hydroxy and N-desmethyl metabolites in human pl!as- 
ma. ‘IT&e analytes ark ext%acted from bi&Iogical fluid with diethyl ether and subsequently 
conyerted to fluorescent phenanthrene derivatives by irradiation with W light. The fluoro- 
phores are separated by paired-ion chromatography on a reversed-phase (C,,) column. Spec- 
trofluorometric monitor’mg of the column eluent allows qua&t&ion .of analytes as their 
phenanthrene derivatives to levek of 100 pg/ml of plasma. 

INTRODUCZION 

Tamoxifen (I; ICI 46,474 or Nolvadex, Imperial Chemical Industries, Mac- 
clesfie~d, Great Britain) is a non-steroidal anti-estpogenic compound being used 
successfully in the treatment of metastatic breast cancer [l-5]. We recently 
described [6] an analytical method for monitoring tamoxifen and its 4hy- 
droxy derivative (II) in plasma. After extraction from biQlogic$ fluid, the ana- 
bytes. are photochemically convert& to fluorescent phenanthrene deriv&ives 
which are then separated by liquid chromz&ograpby on a HBondapak CN 
cohmm. Spectrofluorometic monikoring of the column eluent allows the de- 
tection of approximately 2 ng.of analyte per ml of biological fluid. 

This method. has now required modification in light of recent findings by 
Adam et d. I.71 indicating that a major route of detoxication of tamoxifen (in 
addition to aromatic hyd.roxyla&on f8] ) involves hepatie N-demethylation pro- 
ducing desmethyltamoxifen (ID) and that this metabolite may in itself possess 

*To whom correspondence shouId be addressed. 
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an%estrogenfc actixity. Rurthermore, the fIuorescent products formed from 
Izzl~IIwemso~~ --what unstable in the photolysis med& requiring that re- 
action times be strictly controlled (* 2 min) to avoid loss in fluorescence during 
retion, 

I:R =CHJ. R-=&i 

II : R=q R'=H9 

II!: R=H. R’=H 

Chromatography was performed on a component system cm-&sting of a 
V?atm Asscc. Wilfoti, Mass., U.S.A.) Model 6000A solvent delivery system, 
Model rJ6K injector, Model 440 dual-channel absorbance detector, operated at 
251 nm, and a Schoeffel FS 970 fluorescence LC detector (Schoeffel, West- 
wood, N-J., U.S.A.). The excitation monochromator of this detector was flxecl 
at 256 mn and emittecl radiation was passed through a filter with 340-nm cut- 
off- -4 30 cm X a-6 mm I-D_ PRondapak C1, lo-Km particle size column (Waters 
Assoc.) was used for all separations. 

Tamoxifen, &hydroxytamoxifen (II) and desmethyltamoxifen (III) were 
provided by Imperial Chemical Industries and used without further purifica- 
tion. Mobile phase for high-performance liquid chromatography (IIPLC) was 
prepueci with Fisher 
pentanesulfonate was 
used as ob&infzcl. 

IIPLC grade methanol (Fairlawn, N.J.,U.S.4_). Sodium 
purchased from Eastman (Rochester, N-Y., U.S.A.) and 

Procedare 
!3amples (5 ml) of fresh plasma containing known amounts of I, II and III 

(prepared by the addition of 25-lOO-~1 aliquots of methanolic stock solutions 
of I, II or III to 5 ml of plasma) were transferred to &-ml, heavy-duty screw 
cap (w%h P’I’FE liner) centrifuge tubes and c&racted once with 25 ml of di- 
ethyl ether (AR) for 20 Knin. ‘Ibe phases were subsequently separated by centri- 
fug&ion of the mixture (1300 g for 15 min) and the aqueous layer was frozen 
in a dry-iceacetone bath. An aliquot of the diethyl ether layer (20 ml) was 
then removed and eVaprated to dryness under a stream of nitrogen. The resi- 
due was reconstituted with vortex mixing in I ml of IIPLC mobile phase 
[methanol-water (73:27) containing 0.5% acetic acid ancl2.5 m&f sodium pen- 
tanesulfonate] . 



This solution was then transferred to l-cm* quartz cuvettes and irradiated 
for 20 min with a X-W Kg vapor lamp (maximum output at 253.7 run; General 
Electric No. Gl5’I’S) placed 10 cm from the quartz reaction vessel. Optimum 
reaction conditions were determined by irradiating solutions of tamoxifen, II 
and III, in various solvent mixtures, varying the distance between the lamp and 
the cell, and monitoring fluorescent intensity as a function of time. 

A 50-209~1 ahquot of the reaction mixture was then chromatographed on 
a @ondapak CIS column_ Components were eluted isocratically with a mobile 
phase consisting of methanol-water (73:27) containing 0.5% acetic acid and 
2.5 mM sodium pentanesulfonate. 

Components were quantitated as the photolyzed product by measuring peak 
area and comparing it with a standard curve constructed after analysis of 
plasma samples containing known amcunts of I, II or III over the concentration 
range of O.L-500 ng/ml of plasma (i.e. 0.1,0_5,1_0, 5.0,10, 50,100, 250, 500 
ng/ml). Calibration curves used to validate the assay were thus prepared from 
samples containing nine different concentrations of analyte (and a blank). Four 
samples were prcparcd at each concentration and each sample was analyzed in 
triplicate_ For routine assays only five concentrations were used (0.1, 1.0, 5.0, 
50, 250 ng/mI) to prepare calibration curves and samples were prepared and 
analyzed in dunlic&e_ 

RESULTS 

Extraction procedures 
Tamoxifen (I) and its 4-hydroxy (II) and desmethyl (III) metabolites were 

removed from plasma by a single extraction with 4 volumes of diethyl ether. 
This extraction afforded an average recovery of 89 + 4% for tamoxifen, 97 f 4% 
for II and 83 f 4% for III over the concentration range stated. Recoveries at 
specific concentratiors are provided in ‘Fable I. During extraction, I and III are 
stable; however, II is converted to the correspondir:g phenanthrene derivative 
to an e&ent of ca 50% over the 20-min extraction period. This decomposition 
does not affect the overall analysis, since II is nltimateIy quantitated as the 
corresponding phenanthrene. chloroform, methylene chloride and ethyl ace- 
tate were poorer extra&ants for these analytes, ha-ving less favorable partition 
characteristics and being less selective (i.e. resulting in co-extraction of addi- 
tionai contaminants). Less polar solvents proved unsuitable since they resulted 
in reduction in extraction efficiency of I, II and III, apparently due to adsorp- 
tion of analytes to container surfaces in these more lipophilic solvents, as has 
been reported by Thakker et al. -191 for other hydrophobic drugs. Ion-pair ex- 
traction [6] of I, II and III (in plasma adjusted to pH 1 with sulfuric acid) with 
diethyl ether and 0.1 M trichloroacetatc offered no advantage over direct ex- 
traction and in fact was more time consuming and produced a more cluttered 
chromatogram. Addition of ion-pairing agents did improve the extractability of 
I, II and III into non-polar solvents (as previousIy seen by Thakker et al_ 191, 
but n6t td efficienci& obtahied tith diethjil &her zs extraciait. 
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RECOVERY OF TAMOXIFEN AND ME-JXBO- FROM PLASMA 

COXlCWtdi0!l* Recovery (%) l *.**+ 
(ng/ml) in plasna &pound Compound Compound 

I II m -. ____- 
.O.lO§ 86 r 6 91+ 5 872 5 
OS0 915 5 962 3 as * 4 
1.0 87 P I 101 + 5 86 f 2 
5.0 962 2 94 i 2 79 f 5 

.lO.O 86 2 5 95 + 4 83 * 2 
50 .92c3 95 f 3 85 % 1 

100 84 * 4 1QO f 2 782 5 
250 90 i 3 96 + 2 79) 2 
500 88 + 1 104 f 5 80 = 3 

-. .--- _ 

l Known znxount of amdyte added to known volume of human plsma, as described in 
_MzAerMs and se’&ods. 

** Determined es the ratio of the area of the analyte peek obtained after canying out the 
assayonep &ma semp?e (5 ml) spiked with a known amoulit of I, II or III; to the zrea 
of tixe analyte peak resrzlting after carrying out the assay on the same amount of I, XI or 

. IIt added to the mobile phase (5 ml). 
l ** Rep_zes~nts the average &very 2 SD. for four plasma samples containing the same 

known concer!zation of analyte_ Each sample is tiyzed chromatograpbically in tri- 
plicate. 

5 Represents the detection limit, d&iied as the minimum detectibIs fluorescent intensity 
which is three times the basetie !eveL 

Phabchemiccrl comersion of analyies to fluorescent products 
Tamoxifen, II and III exhibit no native fluorescence. We have previously 

demon&z&d KS] thaf irradiation of solutions of I or II with UV light converts 
these materials to the correspcndkg yhenanthrenes (Wa and b) which are 
stror;gIy fluorescent (Lx = 256 m; Aem = 320 nm). These products (IVa and 
b) degrade in the photolysis media resulting in a toss of fluorescence with time 
IS] . Thotochemical activatio,? of III appeared to proce& through the identical 
reaction sequence, producing the corresponding fluorescent phenanthrene 
(IVc), which then decomposed. The addition of a small amount of acid to the 
photolysis media &nificantly inhibited the degradation of IVa-c to non- 
fluorescent products. The stabilizing influence of a&d was observed in various 
photolysis media [dioxane-heptane (70:30); methanol; EiPLC Fobile phase] 

._ 

:. 

_ 
__ . : 

IV a:R ZX,.R=H 

IV b:R =Ci,R'=H3 

IV c:R= i+ R=H 
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and held for IVa-c. HPLC mobile phase was selected as the reaction medium 
since it offered maximum .yield and staoihty of Na-c and subsequently gave 
rise to the best chromatographic properties_ Irradiation time and distance of 
the reaction vessel from the lamp were adjusted to maximize the rate of forma-. 
tion of fluorophores -while minimizing degradation of the fluorophores in a 
manner analogous to that previously described IS] _ An irradiation distance of 
10 em was chosen and photolysis carried out for 20 min. Conversion to phe- 
nanthrene was quantitative under these conditions. The formation of IV fol- 
lowed first-order kinetics (Fig. 1). The rate constants for formation of IV from-’ 
I, 11, and III are given in Table II. 

TABLE II 

RATE OF FORMATION OF PEIENANTEIRENES (IV) FROM PHENYLSTILBEXES 

Irradiation carried out in methanol-water (73:27) containing 0.5% acetic acid and 2.5 m&f 
pentauesulfonic acid. Distance between lamp and sample cuvette was 10 cm. Reaction 
carried out as described in experimentaI sections. 

?teaction* 

I+IVa 0.15 4.6 
II-+IVb 0.29 2.4 

III - IVC 0.11 6.5 

l I, II, III present initially at concentration of 50 ng/ml. 
** Reaction followed fust-order kinetics_ 

Reaction was thus complete in 30 min. Degradation of IV (< LO%) was ob- 
served only after photol;rsis had proceeded for 40 min; therefore, photolysis 
conditions need not be adhered to as strictly as those previously described [6]. 
Fig. 1 also shows that the fluorescence intensity of IVa is approximately 1.2 
times that of IVc and 0.8 times that of IVb. The reason for this difference in 
relative intensities has not been determined but apparently resides with differ- 
ences in either the molar absorptivity of the stilbenes or phenanthrenes or 
quantum yield of the latter. 

Chrom-ztogmphic analysis 
Separation of components (I, II, III, 1Va-c) could not be accomplished by 

reversed-phase or normal-phase chromatography, because of the inability to 
resolve compound LVb and WC. However, using paired-ion chromatography 
with a reversed-phase, (C,s) column, separation of tamoxifen species and corre- 
sponding phenanthrenes in biological samples could be- accomplished. Using 
methanol-water mixtures and allrylsulfonak ion-pairing agents, the capacity 
factors (k’) for IVa-e were most sensitie to change over the range ‘70-80% 
methanol, varying from ca. k’ = I.9 to 5 for tamoxifen and over a sin&~ range 
for IVb and IVc. The system was much less sensitive to the nature cf the ion- 
pairing agent. Using a mobile phase of methanof-water (80:20) k’ for tamoxi- 
fen was 1.9 when I-pentanesulfonate (2.5 m&f) was used as counter-ion and 2.3 
when I_decanesulfonate (2.5 m&I) was chosen as ion-pairing agent- 
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Fig. 2. Chromatagmphy of tamoxifen, N-desmetbyltamotifen and 4-hydroxytamoxifer. as 
theh $tenanthrene derivatiws (IVa-c) obtained by extraction of I, II and III from plasma 
(each component present at a concentration of I ng/ml) and irradiation with UV light (ES de- 
&bed in the text)_ Components were separated by paired-ion reversed-phase (C,,) paztition 
chromatography usiug methauol-water (73:27) containing 0.5% acetic acid and 2.5 m&f so- 
dium pentan~ulfonate as mobile phase. Flow-rate = 2 ml/m& Peaks at VR = 7 and 22 ml 
(x) represent co-extracted coutamiriauts also found in plasma blanks. 

Fig. 3. A plasma blank containing noue of the drug species, but carried through the aualyt- 
Gal sequence. 

m.M) (Fig. 2). The retention volumes (V,) for the analytes are as follows: I, 
26 ml; 11, 12 ml; III, 24 ml; IVa, 34 ml; IVb, 13.6 ml; WC, 27.2 ml. Under 
these conditions no interference was observed from extraneous peaks seen in 
plasma blanks (Fig, 3). 

Components were quantitated as IV by me asuring peak area, which was 
linearly related to concentration of I, 11 or III in the range 0.1-500 ngiml of 
plasma. A standard curve constructed after analysis of plasma samples contain- 
ing known amounts of I, If and III over this concentration range resulted in the 
line Y = 0.17x f 3.44 (correlation coefficient: 0.999) for tamoxifen (monitored 
as IVa) when subjected TV linear regression analysis, the line y = 0.16~ f 1.44 
(correlation coefficient: 0.999) for 4-hydrox=ytamoxifen (as IVb) and the line 
Y = 0.21x f 4.99 (correlation coefficient: 0.998) for Ndesmethyltamorrifen (as 
IVc). Less than 4% variation in these curves was observed as day-to-day varia- 
tion in the response factor. Over this concentration range, when saxaples were 
subjected to the analysis scheme described here, overall analytical recovery of 
tamoxifen from plasma was 59 + 4% (n = 9), recovery of II was 97 C_ 4% (lz = 9) 
and recovery of III was 83 f 4% (tz = 9). The detection limits for I, II and III 
are 0.1 ng/ml of plasma at the 99% confidence level as measured as their fluo- 
rescent derivatives and as determined by direct analysis o; drug-supplemented 
plasma samples at 100 pg/ml vs. plasma blanks. 

This method provides suitable sensitivity to monitor therapeutic levels of 



kmoxifen I:?:. $03. for at least 24 h after oral administration of the drug (dose: 
20 mg, daily). 4-Hydroxytamoxifen is a minor metabolite 173 and appears at 
levels G 20 ng/ml. The major metabohte, III, was detected f< 10 ng/nS) 1 .h 
after the initial dose and reached steady-state levels of 250-350 ng/ml after 
approxhakdy 40 doses (3 weeks). The sensitivi~ of the method permits the 
monitoring of the drug and two of its metabohtes for long periods of time and 
offers an cpportunity for aJ.so following subtherapeutic amounts of drug, - 

Tamoxifen and its metabolites II and III can be conveniently and efficiently 
removed from biological &id by a single extraction with dicthyl ether. The dif- 
ficulty suggested by other groups [7] in detecting appreciable levels of II is 
apparentiy due to its facile conversion to IVb during the extraction and, there- 
fore, would only be observed when the methodology diet&es first monitoring 
II-as the phenanthrene, IVb, and secondly, forming this derivative prior to the 
chromatagraphic step. 

The increass stability of IVa-c observed in acid solution may be caused by 
orotonasion of the amine function,. eliminating the nucleophilic character of 
the nikrogen, We previously showed -[S] that decomposition of N to less flue- 
rescent products involves loss of the aminoalkanol side chain, which could be 
inBated by intramolecular nucleophilic attack by the amine nitrogen. Depres- 
sion of nuckophikity wo-uld thus increase stability_ 

Chromatographic separation of Wa--c could not be accomplished by either 
reversed-phase or normal-phase chromatography because resolution of peaks 
arising from IVb and IVc could not be achieved. Paired ion chromatography 
with a reversed-phase (C,,) column provided resolution of all peaks of interest. 
The small effect observed in k’ in varying the length of the al&l chain on the 
hetaeron fmm C, to C,, is most likely-due to the inherent hydrophobicity of 
IVa-c and, therefore, partitioning of the ion-pair is only minimally affected 
by the chain length of the alkylsulfonate. 

This *amoxifen assay has the following advantages over the previously re- 
ported proce&re [S] : (1) it allows simultaneous and selective monitoring of 
I, II and III; (?) the photolysis products (IVa-c) are more stable in the reaction 
media; (3) a cleaner chromakqqam is produced because photoiysis is car&d 
out in the mobile phase and (4) sensitivity is improved by a factor-of ea. 20, 
The method is currentiy being used to monitor tamoxifen and its 4hydroxy 
and desmethyl metabohtes in the plasma of women who have been administered 
the drug in the management of breast cancer. 

This work was supported in part by training grant CA-09242 award& by the 
National Cancer Institute, National Institutes of He&h (PHS, DREW) and a 
grant from Imperiai Chemical Industries, Americas. 
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