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S-Y 

A rapid, sensitive and specific h-&h-performance liquid chromatographic (HPLC) assay 
was developed for the determination of estramustie and its 17-keto metabolite in p&ma. 
The asay involves extraction of the compounds into hexane from plasma buffered to pH 
9.0, the &due obtained by evaporation of the h-e extract is dissolved in the mobile 
phase hexane--ethanol (92.5:7.5) v&h HPLC analysis performed on a 5-pm silica gel coiumn 
using a fluorescence detector with excitation at 195 nm and emission at wavelengths greater 
than 250 nm. The overail recoveries and limits of sensitivitg for estramustie and- the 17- 
keto metabolite are 74.7% and 40 ng/ml of plasma and 85.1% and 50 ng/ml of plasma, re- 
spectively. The method was used to obtain plasma concentration-time profdes in three sub- 
jects with prostatic cancer following oral administration of a single 7 mg/kg dose of e&r&- 
mustine phosphate- 

INTRODUCTION 

Estramustie phosphate (I), esizadiol3N-bis(2chloroethyl) carbamate-P78- 
dibydrogen phosphate (Fig. 1), a nitrogen mustard derivative of estzadiol-17P- 
phosphate has been shown to he effective in the treatme& of prostatic car- 
cinoma [I--5]. Studies on the distribution, absorption and metabolism of the 
drug in man, rat and dog have been reported [S-lo]. En man, o&y * - _ - 
tered ezdmumstie phosphate is rapidly dephosphorylated in the gastrointes- 
tinal tract to yield estramus~e (II) [S] . Estramustine (II) and its l7-keto 
analogue (III), e&one-3N-bis(2chlorethyl) carbamate, (Fig. 1) are the major 
metabulites found in plasma 191. 

A radioimrnunoassay was recently reported &d used for the determination 
of intact estranmstiue phosphate follwving int&euous administration to dogs 
[lo]. In addition, z gas-liquid chromatographic (GLC) method using flame 
ionization detection (Fm) to qua&We 11 and III has heen developed [9]. The 
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Fig. 1. Chemical st~ct~reg of estramusfine pkmsphate (I), estramtie (III) and estro~~ 
3N-bis(2-cblmoethyI) carbunate (Hz). 

GLC assay utilises selective extraction of the compounds into diethyl ether, 
puri&ation of the extract by hexane washing, alumina chromatography, and 
GLC-FID of II and XII as the silyl derivative and intact compound, respectively. 

The present comnmnicatiou describes a high-performance liquid chrozna- 
togmphic (HPLC) assay with fluorescence detection capable of sim&Weous 
measurement of the two unconjugated metabolites 11 and III in plasma. The 
assay is rapid and is performed dire&y on an extract of plasma and eliminates 
the time-consuming clean-up procedures and de&v&z&ion steps required for 
the GLC assay 191. The HPLC zssay has comparable sensitivitg to the GLC 
assay [9] with the advantage t&b only 1 ml of plasma is requked. The method 
.was used to obtain the plasma concentration-time profdes of 11 aflc1 III in 
three subj&s following single 7 mg/kg oral doses of estramustine phosphate 
(I). 

Column 
The cohmn used mas a 25 cm X 4.6 nun LD_ sMes.sd prepacked 

column contaiuing 5 wlzl p-artisil PXS 5!25 silica gel (Whatman, Clifton, NJ, 
USA). 

The HPLC system consisted of a Model 600OA pumping system, a Model 
U6K loop iujector (waters Assoc., Milford, MA,. U.S.A.) and a Model ES-970 
fluorescence detector (Schoeffel lnstrumeut; Wesfkood, NJ, U&k). A deu- 
terium krnp was used to provide monochromatic excitation at 195 rimwhile 
fluorescence em&ion greater than 250 nm was measrrred throughaW28 
4traviolet transmitting filter with a quartz window photo multiplier tube. ?The 
isocratic mobile phase was a mixture of hexaue--ethsnoE (92_5:7,5) at a column 
head pressure of 1000 psi and a &mate of 1.5 mi/xn& Under these con- 
ditions, the retention time of compound II was 7.2 (k’ = 2.2) and that of com- 
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potmd EE was 5.4 m2n (k’ -= ‘f-4).. The fluorescence detector attenuation was 
0.1 pA.fuE scale with BC time constzmt of 3.0 sec. The ch& speed v~as 1 cm/m&~ 
on the LO-mV Omniwrib~ recorder (Houston Instrtment, Austin, TX, U.S.A.). 
Under these conditions 140 ng of-compound II and 200 ng of compound III 
m- 20 ~1 h&cted giwe approxhate~y full scale response. The. minimum 
dete&Me amou.&s of~bokh eompmeds is-appmximttdy 10 ng injfzcted on 
column. A km&xl chpozmhgram for 90 qg of 11 and 80 ng of III per 20 ~1 
in&cted is shown in Fig. -2. 
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Fig_ 2 Chsomatogrqhic separation of 90 ng estramustie (EI), 80 ng e&one-3N-bis(2- 
chlomefhyl) carbarn& (III), 110 ng estrone (IV), and 20 ng e&radio1 (V). 
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Fig. 3. ChromaWgrsms for the KPLC analysis of hesane extracts of (A) control plasma, 
(B) control plasma containing ‘LOO ng II per ml and 500 ng Iii per ml added au+&entk 
standard. and (C) human plasma 2 h post 7 mg/kg dose of estramustine phosphate. 

St4titical eualuation of the method 
The method was evaluated over a concentration range of 45.3- -113.2 ng of 

II and 48.6486 ng of III per ml of plasma These concentxation ranges were 
based upon the plasma levels of the twcp compounds measured in human sub- 
jects in a pilot study during the initial developmental stages of the assay. Four 
sets of four individual samples (total, 16 samples) of II and III in the above 
concentration ranges were added to 1 ml plasma, These spiked samples were 
then taken through the analytical procedure and the recovery data obtained 
are shown in Table E. The data for II and III were best described by linear 
least-square equations of the form y = mx f b (y = 0.0195 x -- 0.194 and y.= 
0_0150~ x - 0.0917) with correlation coefficients r of 0.960 znd 0.994, respec- 
tively indicating the high degree of linearity of the procedure for both com- 
pounds. The coefficients of variation for IL and III over their respective con- 
azntration ranges were 5.7 and 5.6% respectively. The recovery of compounds 
11 and III (after correction fdr IO/l2 aliquot taken for analysis) calculated 
agains* pure shdards of the compounds prepared in hexane~thanol(92.5: 
7.5) was 74.7 f 6.0% and 84.9 f. 4.X%, respectively. 



TABLE1 

LINEARPFY AND PRECISION OF THE HPU2 ASSAY OF COMPOUNDS Ii AND III 
RECOVERED FROM PLA!BlA 

Ekch determinntion was performed with four individual sampks. 

bfem concentration Coefficient of Ececow?ry 
found + S.D. variafion (%) WI 

campound If 
45.3 46.3 2 8.7 
63.0 69.3 = 1.1 
90.6 84.7 + 4.6 

113.2 116.7 I 11.7 

Mean= S.D. 

Compound IIF* 
48.6 52.6 2 2.4 
97.2 _ 101.6 % 6.4 

291.6 273.6 + 21.6 
486.0 495.5 z 18.4 

Mean= SD. 

6.0 68.2 
1.6 77.3 
5.4 70.1 

10.1 83.2 

5.7 74.7 F 6.0 

4.5 80.0 
6.3 85.8 
7.9 32.7 
3.7 91.1 

5.6 34.9 * 4.1 

*y=0.0195 r-00.194; r= 0.960. 
ffy=o.o150x-0_0917;r=0.994. 

Specificity of the method 
The specifxcity of the plasma assay for II and III was established by the 

absence of any interfering peaks occurring in the retention vohune of these 
compounds foJ_Io&g extraction of co&rol (drug-free) ixuman pksma from 
different sources and tirn treated subjects under the cbromatograpbic separa- 
tion conditions described above. Estramustie phosphate (I) is not exfz-scted 
fkom pJ.asma and does not give a cbromatographic peak u&&x the described 
conditions. E&one (tR = 6.2 min, k’ = 1.8) and eskadiol (fR = 8.9 min, k’= 
3-O), which are known metabolites in the dog 1111, are cEzrczmb~Edy 

resolved &om II and III (Fig. I). 
No suitable in”r;ernai standard wits found for this assay proeeduz. Of the 

many stesoids evaluated as reference compounds, only equilenizn, equilin and 
e&radiol3-methyl ether demonstrated sin&r fluorescence properties, however, 
these compounds were not cbromatograpbically resolved from PII under the 
chromatographic conditions descr&ed. 

ReSCnTSAEFDDISCUSSION 

Spectrofluorometric analysis of estrogens in urine Qpically measure the 
resultant fluorescence of these .compounds generated in solutions cont.aMng a 
high percenkge of concentrated phosphoric. or sulfuric txcid (excit&ion/esnis- 
sion, 410-450/500 nm) [12,13]_ The native fluorescence of the estrogens 
(ex&ation/~ on, 28Oj310 nm) has been wed for the assay of eskogens 
in‘ pregnsxy tie [Zd]. HFLC assay -0festrogens utizizing IEwzszd-pa 
chromatography with UV detection for placental estiol -in urine [15], norm& 
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phase chromatography with W detection for estrogenic steroids in pregna~~cy 
urine 1161, and $on+xchange chromatography with radiometric detection for 
estrogen conjugates in-plasma [I71 hawe all been recetitly reported. 

The prese& study tM_ize% normal-ph&e HPLC and the measure ment of the 
intrinsic fluorescence of tie dogen cierivative&Tz: zqd III for a highly sensitive 
and specific assay of f&e two component& A significant increase in fluorescence 
sensitivity in hexane-ethanol (92.5:7.5) was obtained by using- a deutirium 
tip a6 I95 n.ak as the excitation source compared to a xenon lampY This wave- 
length (195 -nm) coincides with the high-energy output range of the deuteriurn 
lamp and the W absorbance msxima of the compounds, hence the fluores- 
cence yield measured shows a dramatic increase in sensitivity. Reversed-phase 
chromatography of IT (fR = 7.4 min, k' = 3.8) and III(t, = 8.4 min,k'=4,4) 
is also po$sible in a solvent system of methanol--water (80:20) at this excita- 
tio~Ywavefen&h. However, the overall sensitivity in this medium for eskramus- 
tine (II) is only 25% of that measure d in hexane--ethanol(92.5:7.5). 

Application of the method to biologkal specimens 
The HPLC assay described was applied for the analysis of plasma samples 

frown three subjects with prostatic cancer following single oral administration 
of 7 mg/kg of estramustie phosphate (I). Peak levels of III ranging from 408 
ti904ng/mlwere measuredat 2-hpo~dosingandlevelsofmwerem~~- 
able for 10-12 h (Table II). The levels of H were non-measurable (G 40 ng/ml) 

TABLE H 

PLASMA LEVELS (&ml) OF Iii IN - HUMAN SUBJECTS FOLLOWING A 
SINGLE 7 mg/kg ORAL DOSE OF ESTRAMUSTTNE PHOSPHATE (I) 

Time (h) Concentration of ID (ng/ml) 

Subject A Sub&& B Subject C 

1 95 401 294 
2 408 474 904 
3 223 271 669 
4 136 132 723 
6 119 76 565 
8 69 mitt 316 

10 53 37** 232 
12 n.a+ 29** 102 

*n-a. = not analyzed. 
**Analysis of 40/100 j.tl of reconstituted extract. 

during the same experimental period which suggests that extensive oxidation of 
II at the 17-position occurs during $s First pass” through the liver and/or 

gastrointestinal tract. This procedure with minor modifkations has recently 
been applied to the analysis of II, ITI, e&one, and e&radio1 in man following 
nndtiple dosing (8.6-15.4 mg/kg/day) of eskamustine phosphate (I) fl8]. 
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