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Summary

Diethylstilbestrol 1 is a well known, non-steroidal estrogen with high affinity for the
estrogen receptor (ER). When labelled with an Auger-electron emitter such as '**I,
1251 or ""Br 1 would be an useful radiopharmaceutical for therapy of ER-positive
mamma tumours. In the present work 1 was labelled easily and quickly with iodine by
a modified chloramin T method (methanolic instead of aqueous solution), which leads
to the desired product 2 in good yields (50-74%), with high radiochemical purity
(>98%) and — in opposite to former attempts — very high specific activities ('**I-DES:
8800 TBq/mmol, '*’I-DES: 80 TBq/mmol, '*'I-DES: 870 TBq/mmol). After sepa-
ration by RP-HPLC all products were characterized by NMR-techniques ('H-,
13C-NMR, H,H-COSY, and HMBC) for the very first time and the main product
3’-Todo-DES 2 as well as some by-products like the p-toluol-sulfonic acid amide 3, 1,
and l-chloro-1-(4'-hydroxy-phenyl)-propene-1 4 could be identified. The complex
dissociation constant for '*’I-DES with ER was determined by Scatchard plot and is
comparable with that of 16o-['*’I]-iodoestradiol (‘*’I-DES: Kp=(2.67 + 1.02) x
10" mol/l, 160-['*I]-iodoestradiol: Kp=(3.92 + 2.27) x 10~?mol/l). Copyright ©
2004 John Wiley & Sons, Ltd.
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Introduction

Radioactive estrogens, labelled with Auger-electron emitters are excellent
candidates to achieve high specific cytotoxicity in combination with low
degree of side effects. * Numerous attempts have been made to find suitable
compounds for this purpose. Some famous candidates were 16a-[ 1]-
iodoestradiol,’ hexestrol,® 4-iodotamoxifen,” and E/Z-11p-methoxy-17o-iodo-
vinyl-estradiol,® but they never were commonly accepted for clinical routine.

Diethylstilbestrol (3,4-Di-(4'-hydroxyphenyl)-hexene-3) 1 is a well-known,
synthetic, non-steroidal estrogen-analogue’ with very high affinity for ER.'!3
In nearly all former attempts, except one'® the water-soluble derivative tetra-
sodium-diethylstilbestrol-diphosphate §17722 was labelled instead of 1. The
specific activities reached with these synthesis methods were between 0.3 and
1.2 GBq/mmol?! leading to non-advantageous biodistributions.'®** Besides
low specific activities, other difficulties occurred, like small and not
reproducible yields or time-consuming purification processes.'”'® In all
previous labelling attempts no structure analysis of the desired product or
by-products were carried out.

Therefore, a simple labelling method for 1 was developed in the present
work and the labelling products were characterized regarding the structure and
binding affinity.

Experimental
General

All chemicals used were purchased from Fluka or Merck. HPLC eluents were
water G (CHROMASOLV™) and methanol G (CHROMASOLV®) from
RiedeldeHaen. The most important properties of radiochemicals used are
shown in Table 1. HPLC equipment from Pharmacia (analytical HPLC) and
Knauer (preparative) was used.

Reaction products were analysed by NMR at the Institute of Organic
Chemistry, University of Cologne, with a Bruker DPX 300. Radioactivity
measurements were carried out with an isotope calibrator Veenstra VDC-303
(Netherlands) or in a well counter type LB 2044 from Berthold (Germany).

Table 1. Properties of the radiochemicals used in this work

Isotope Chemical Radiochemical Specific Manufacturer

form concentration activity
1231 Nal 2.96 GBq/ml n.c.a. Mallinckrodt
1251 Nal 3.70 GBq/ml n.c.a. CIS bio international
131y Nal 12.3 GBq/ml n.c.a. CIS bio international
1251 l6a-iodoestradiol  5.83 MBgq/ml 81.4TBq/mmol  DuPont (NEN)
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For the Lowry method of protein determination an UV-vis-Spectrometer
Pharmacia LKB Novaspec II was used.

Radiolabelling of DES

For radiolabelling a stock solution containing 1 mg 1 per ml methanol was
used. Stored at 4°C the solution kept stable for a couple of month. Five
microlitre of the stock solution of 1, diluted with 95 pul methanol (= 50 pg/ml),
about 40 MBq Na'T solution (1020 pl) and 50 pl chloramin T solution (4 mg/
ml methanol) were added. After 10 min incubation at room temperature the
reaction was stopped by adding 50 ul sodium bisulfite solution (15mg/ml
water), followed by HPLC for purification and quality control.

Synthesis of "' I-DES for NMR experiments

I ml methanolic DES solution (50mg/ml), 50l KI solution (300 mg/ml
water), and 300 pul chloramin T-solution (100 mg/ml methanol) were mixed.
After 10 min incubation at room temperature the reaction was stopped by
adding 100 ul sodium bisulfite solution (450 mg/ml water) and the products
were separated by preparative HPLC.

Purification and quality control

Purification and quality control were carried out by means of reversed phase
HPLC under the following conditions: Hypersil ODS column, 250 x 4 mm
(analytic) or 250 x 20 mm (preparative), 10 um, 20% methanol G in water G
to 70% within 5Smin, flow 1 ml/min (analytic) 20 ml/min (preparative), UV
detection at 254nm, injection of 20ul (analytic) or 200l (preparative),
respectively.

NM R-experiments

All fractions received by HPLC were evaporated to dryness at 40°C under
vacuum and 20-50mg of each re-dissolved in 1ml CD;OD. Afterwards
"H-NMR, "C-NMR, H,H-COSY (two-dimensional H,H-Correlation Spec-
troscopy), and HMBC (Heteronuclear Multiple Bond Correlation) were
carried out.

Determination of the estrogen-receptor-complex dissociation constant

For preparation of tumour cytosol the method of McGuire et al. was used.*
After determination of protein content according to Lowry’s method>* the
sample was diluted with Tris-HCI-EDTA-DTT buffer (10mM Tris-HCI;
1.5mM EDTA; 0.5mM dithiothreitol; pH 7.4) to a final concentration of
1-2 mg/ml. The dissociation constants for the '*’I-DES- and 16a-['*I]-iodo-
estradiol-ER-complex were determined by DCC (dextran coated charcoal)
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saturation analysis.® All samples were tested in triplicate. Dissociation
constants were determined by Scatchard plots.*

Results
Radiolabelling of DES and stability of "I-DES

Radiochemical yields of '*I-DES, '*’I-DES, and "*'I-DES and the percentage
of free iodide are shown in Table 2.

The best yields were obtained with '*'I, the lowest with '**I. The labelled
product is stable over 48 h; only small amounts (< 5%) of free iodine could be
detected after that time. Specific activities were for '**I-DES: 8800 TBq/mmol,
for '*’I-DES: 80 TBq/mmol, and for *'I-DES: 870 TBq/mmol.

Purification and quality control

A typical HPLC-plot of the reaction mixture after labelling of 1 with '*I is
presented in Figure 1. With the other isotopes the chromatograms look very
similar.

Table 2. Radiochemical yields (referred to iodine) measured by HPLC in %
(+ standard deviation). Differences to 100% are caused by unidentified iodine species

. 23] (n=13) (%) 1251 (n=42) (%) Bl (n=12) (%)
I-DES 50.7 +£ 14.0 64.0 + 13.1 74.0 +9.0
“I-iodide 20.6 +13.9 8.9 +6.7 7.9 + 4.1
CT3 1251
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Figure 1. Typical HPLC-chromatogram of a reaction mixture of '>’I-DES
(upper: radioactivity detection, lower: UV-detection). (a) iodide, (b) 1251_pDES,
(c,d) not identified, (e) p-toluene sulfonic acid amide, (f) not identified, (g) DES,
(h) not identified, (i) 1-chloro-1-(4-hydroxy-phenyl)-propene-1
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Figure 2 shows the quality control HPLC-chromatogram of purified '*°I-
DES fraction. Radiochemical purity is > 98%.

Synthesis and purification of ""'I-DES for NM R-experiments

After separation by preparative HPLC, five fractions were collected (Figure 3):

The yield of I-DES (= substance D) was 20mg (0.05 mmol), that means
28.2% related to DES. The substance eluted at 17-18 min could not be
collected and identified, because of its very low amount in relation to that
eluted just before and afterwards. In the HPLC-profile of a reaction mixture
for synthesis of stable I-DES peaks were found at the same time points as in
the case of radioactive synthesis (Figure 3).
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Figure 2. HPLC-chromatogram of purified '*I-DES (radioactivity detection)
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Figure 3. HPLC-chromatogram of a reaction mixture after synthesis of
"-DES
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Figure 4. Chemical shifts (in ppm) of 3 (substance A), left: "H-NMR, right:
BC-NMR

NM R-experiments

Experimental determined chemical shifts and related chemical structures of the
substances A, B, C, and D are shown in Figures 4-7. For exact analysis H,
H-COSY and HMBC were necessary in some cases.

A small signal at 7.23 ppm was found with substance D, which belongs to an
isomer of 2: the 2'I-DES 6 (iodine meta to OH). Integration of the typical
peaks for 2 and 6 showed a ratio of 8.5 : 1 (ortho/meta).

Identification of substance E was not possible, because the fraction seemed
to contain several compounds. The mixture itself was not stable, indicated by
change of colour from white to brown within a short time even at low tempera-
ture, therefore further purification made no sense.

Determination of the estrogen-receptor-complex dissociation constant

The value of the '*I-DES-ER-complex dissociation constant was determined by
Scatchard analysis: Kp=(2.67 + 1.02) x 10~? mol/l. For 16x-['**I]-iodoestradiol
the complex dissociation constant with ER was Kp=(3.92 + 2.27) x 10~° mol/L.

Discussion
Radiolabelling of DES

With the labelling method presented in this work it is possible to radioiodinate
1 quickly and in a simple manner. The radiochemical yields (see Table 2)
obtained were higher than for 5 as described in literature.'”'®?! Also the
specific activities (80-8800 TBq/mmol) and radiochemical purity were much
higher than obtained with other methods (0.3—1.2 GBq/mmol).'”%* Differ-
ences between the three iodine isotopes regarding the radiochemical yields
were caused by small differences in pH during labelling procedure.
The sensitivity of radiochemical yield to pH is well known for radioiodination
reactions with chloramin T.?°

Consequently, from the practical point of view 1 should be preferred instead of
5 for labelling with radioiodine. Radioiodinated 5 was favoured earlier because
of its better solubility in aqueous media but this advantage can be neglected in
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Figure 5. Chemical shifts (in ppm) of 1 (substance B), left: "H-NMR right:
BC-NMR
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Figure 7. Chemical shifts (in ppm) of 2 (substance D), left: "H-NMR, right:
BC-NMR

the case of very low mass concentrations used for the synthesis of radiopharma-
ceuticals. 5 could only be radioiodinated with chloramin T at pH of 1-2.1718
Under such acidic conditions the intermediately formed oxidizing reagent HOCI
is not very stable, which leads to the low yields observed with this method.

Purification and quality control

The HPLC-system used was able to separate starting material, desired
product and by-products very well (Figure 1) and can be used as well for

Copyright © 2004 John Wiley & Sons, Ltd. J Label Compd Radiopharm 2004; 47: 669-678



676 T. FISCHER ET AL.

purification and quality control of radioiodinated 1. Specific activities after
labelling with the three radioiodines were in the range of the theoretical
obtainable values. Such high specific activities have not been obtained with all
methods described in literature before. The used MCF-7 cells have only a
limited number of about 14000 receptors per cell,>’ therefore the highest
receivable specific activity is necessary to get as much activity into the cell as
possible, especially for therapeutic uses.

NM R-experiments

All experimental NMR-data were in accordance with the shown struc-
tures (Figures 4-7). It was shown for the very first time that 90% of 1 is
labelled at the ortho-position and 10% at the meta-position referred to the
OH-group.

Determination of complex dissociation constant Kp

Comparison of the determined complex dissociation constants for '*’I-DES
and 160-['*°T]-iodoestradiol points to a very similar affinity for ER. For the
latter a constant of 3.6 x 10~ '*mol/l with MCF-7 cells has been published.*®
For trititum-labelled estradiol the value is lower: 2.8 x 10~ '°mol/I*® and
2.2 x 107" mol/1,*° respectively. These small differences in comparison to the
experimental data presented here are probably caused by differences in kind of
tumour cells used and in the experimental design.

Conclusion

For the first time a simple and quick labelling and purification method for
“I-DES is now available, which leads to the desired product with reproducible
high yield and higher specific activity than with all the other methods described
in literature. The structure of the main product and some by-products were
well characterized also for the first time now. The radioactive receptor-affine
compound binds reversibly with high affinity to its receptor. Auger-emitting 2
would impose radiocytotoxicity restricted to ER-positive tissues and would
therefore inflict only minimal side effects. Thus, a receptor-specific radio-
pharmaceutical is available, which can deposite radionuclides with high
cytotoxicity effectively and selectively into the cell nucleus of ER-positive
tumor cells. First results about the cytotoxic effects and biodistribution of this
promising compounds have been published already.>*>* Detailed reports will
be published recently.
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