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Current therapies for estrogen receptor-positive (ER+) can-
cers rely heavily on growth prevention by cytostatic agents
rather than destruction of the cancer cells. In these studies,
we compared the tissue distribution of two radioiodinated
estrogens, one a triphenylethylene estrogen, IBHPE, the other
steroidal, IVME2. The radioiodoestrogens were prepared
using the halodestannylation reaction from the respective
tributyltin precursors. The specificity of binding of these radi-
oiodinated estrogens to the estrogen receptor (ER) was es-
tablished by sucrose-density gradient analyses and their
specific activities by comparison with the ER binding of
3H-estradiol of known specific activity. The time-dependent
tissue distribution of the two radioiodoestrogens in immature
female rats was studied to compare the relative uptake and
specific retention of the two estrogens in ER target organs
and assess their possible use for imaging ER positive tissues
or for Auger electron-mediated ER-directed therapy. While
the uterus showed only slightly poorer retention of the non-
steroidal estrogen (IBHPE) than the steroidal estrogen
(IVME2), those target tissues that required blood-supplied
ligand (e.g., vagina, pituitary) showed substantially higher
uptake of the steroidal estrogen. IBHPE showed significantly
higher blood levels at all time points. While the tissue-to-
muscle ratios for IBHPE in the uterus and ovary were higher
initially, the IVME2 showed higher tissue-to-muscle ratios,
suggesting that the steroidal estrogen may be the more
promising ligand for imaging purposes. However, IBHPE
showed excellent uptake by peritoneal target tissues, with
much lower concentrations in more distant target tissues
(e.g., pituitary) so it might have distinct potential for therapy
of intraperitoneal ER-containing cancers.
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The discovery of highly specific receptors for estradiol
(ER) in a proportion of breast, ovarian and endometrial
cancers led to the hope that ER could be used to identify
those cancers that would respond to endocrine therapy (/-
3). However, while essentially all breast cancers that re-
spond to endocrine therapy contain ER, it has become
clear that the presence of ER in these tumors does not
necessarily ensure response to endocrine therapy, only
about half of ER-positive breast cancer patients benefit
from such therapy (4), and even fewer patients with ER-
positive endometrial and ovarian cancers (5). Thus, it
would be advantageous to develop an endocrine therapy
which relies simply on the presence of the specific steroid
receptors in the cancer via specific endocrine cytotoxic
agents to supplement the cytostatic (antihormone) agents
currently in use.

We and others have suggested that estrogens containing
Auger electron-emitters [e.g., *™Br (6,7) or '?’I (7-9)]
could be the basis for such a new therapeutic approach to
ER-positive cancers. Cell culture studies with radiolabeled
estrogens have demonstrated the feasibility of specific cy-
totoxicity (8-12) of Auger electron-emitting estrogens for
ER-positive cells in culture. In addition, several studies
have indicated that radiohalogen-labeled estrogens could
be useful for imaging ER-positive breast cancers (/3-16).

Our main interest in these studies was the evaluation of
ligands suitable for treatment of ovarian cancers. Clini-
cally, ovarian cancer spreads initially within the peritoneal
cavity and is thus amenable to direct infusion of ligand,
hence the use of i.p. injections in these experiments.
Clearly, for other ER-positive cancers such as breast car-
cinomas, which spread via the blood and would require
intravenous administration, the choice of route of admin-
istration and possibly also ligand could be different.
Furthermore, in the area of detection and diagnosis of ER-
positive lesions the use of estrogens containing positron-
emitting nuclides like '®F and PET imaging is an important
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alternative to 'l and SPECT imaging. The current study,
however, compares in the same animals, the specific up-
take, retention and distribution of a nonsteroidal estrogen
('"®IBHPE) and a steroidal estrogen ('*IVME2) in the
tissues of immature rats to assess their potential for therapy
of ER-containing cancers in patients. By using the two
different isotopes of radioiodine, it was possible to compare
the two ligands in the same animals, thus reducing some
of the animal variation (15).

MATERIALS AND METHODS

All chemicals were of reagent grade or better. Acetonitrile
(HPLC grade) was purchased from Baxter (McGraw Park, IL).
Iodine-125 (as Na'?*I) was purchased from Amersham (Arlington
Heights, IL) and '#I (as Na'®I), free of '*’l, was obtained from
Nordion International Inc, (Kanata, Ontario).

Synthesis and Specific Activities of Labeled
Compounds

17a-E['®*I}iodovinyl-1 1 8-methoxyestradiol (IVME2) and 2-
['®1}-iodo-1,1-bis(4-hydroxy-phenyl)-2-phenylethylene (IBHPE)
(Fig. 1) were prepared by the halodestannylation reaction using
the appropriate tributylstannyl precursors which were previously
described in detail (9,/0,17).

Preparation of 17«-E-['**IJiodovinyl-118-
methoxyestradiol ('*IVME2)

Sodium iodide, 148 MBq (4 mCi), in 50 ul 0.1 M NaOH, was
placed in a conical 1-ml capacity Wheaton vial. To this was added
100 ug of 17a-E-tri-n-butylstannylvinyl-1 1 8-methoxyestradiol in
100 ul ethanol, followed by 100 ul of 30% hydrogen perox-
ide:glacial acetic acid mixture (2:1 v:v). The reactants were al-
lowed to react for 30 min at room temperature, then injected
directly onto a HPLC column (Alltech, C18, 0.46 X 25 cm, 10
u, reverse phase) and the '>IVME?2 eluted with a gradient (10%-
100%) of acetonitrile:water (flow rate 5 ml/min). The '*IVME2
eluted at 40 min. The radioactivity was monitored using a mod-
ified Ludlum model 2 probe. The fraction(s) containing
125]VME2 were transferred to a round bottomed flask and the
acetonitrile was removed under vacuum (Rotovap, Biiche). The
aqueous phase was extracted at least three times with ether, the
ether extracts combined and evaporated and the radioactive
product was dissolved in ethanol. Total radioactivity was 92.5
MBq (2.5 mCi) as measured in a dose calibrator (Capintec),
giving a radiochemical yield of about 63%.

Preparation of 2-['ZI]iodo-1,1-bis(4-hydroxyphenyl)-2-
phenylethylene (**IBHPE)

The reaction mixture and conditions were essentially as de-
scribed above, however, the reaction was conducted in the ship-
ping vial for the Na'?’I. To this vial containing ca. 185 MBq (5
mCi) Na'?l in 0.1 M NaOH, 100 gl of an ethanol solution of
100 ug of 2-tributylstannyl-1,1-bis(4-hydroxyphenyl)-2-phenyl-
ethylene were added, followed by the 100 ul of the 2:1 v:v of 30%
hydrogen peroxide:glacial acetic acid mixture. The vial was then
sealed, agitated to mix and allowed to react for 30 min at room
temperature with occasional mixing. Isolation of the product was
carried out on the HPLC system, described above, but an isocratic
elution with 40% acetonitrile:water mixture (flow rate 9 ml/min)
for the elution of '>’IBHPE (elution time 40 min) was used. After
evaporation of the ether extracts from the ether/water partition
as described above, the product was dissolved in ethanol, giving
47.4 MBq (1.28 mCi), 25.8% radiochemical yield, of the purified
12IBHPE.

Specific Activities of '*I[VME2 and '*IBHPE

Specific activities were determined by sedimentation analysis
with sucrose-density gradients, comparing the specific binding
(i.e., the unlabeled estradiol-inhibitable binding) to the rat uterine
estrogen receptor (ER) of the two radioiodinated estrogens with
that of [*H)estradiol (specific activity 2220 TBq [60 Ci] per mmol)
under low salt conditions (10 mM tris, 10 mM KCl, | mM
EDTA, pH 7.2). Sedimentation analysis is particularly useful to
quantitate specific binding when substantial nonspecific binding
is present, and in addition, by use of specific antibodies against
ER, can be used to further substantiate that the radioiodinated
estrogen is indeed binding to ER. For both 'IVME2 and
12IBHPE, an excess of the labeled compound (calculated to be
in excess of 5 nM final concentration) was placed in 1.5 ml chilled
Eppendorf tubes, either alone or with a 500 nM (final) concen-
tration of unlabeled DES. Rat uterine cytosol (100,000 X g, 1 hr
supernatant of a 1+4 homogenate of immature rat uteri in 10
mM tris, 10 mM KCl, 1| mM EDTA pH 7.4) was added to each
tube and, after mixing, the tubes were incubated for | hr at 2°C.
In addition to the tubes described above, another tube in each
set also contained 0.5 ug of the specific monoclonal antibody,
H222 (6), against the estrogen receptor. After 1 hr of incubation
in the cold, the unbound estrogen was removed by delivering the
incubation mixtures onto a pellet of dextran-coated charcoal,
DCC, (1% Norit A, 0.1% dextran T40), resuspending the charcoal
by vortexing, incubating at 2° for 10 min, and then pelleting the
charcoal by centrifugation (Beckman Microfuge B, 13000 rpm, 1
min in the cold). For sedimentation analyses, the DCC superna-
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doestrogens.
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tants were layered either on 10%-30% sucrose gradients in low
salt (10 mM tris, | mM KCl, 1| mM EDTA pH 7.4), or high salt
(10 mM Tris, 4000 mM KCl, 1| mM EDTA, pH 8.2) and
centrifuged for 15 hr at 4°C, 208000 X g, (Beckman L8-70). One
hundred-microliter fractions were collected from the bottom of
the centrifuge tubes and counted for radioactivity.

Experiments in Inmature Female Rats

To directly compare the distribution of both '*IVME2 and
123]1BHPE, the two radioiodinated estrogens were mixed together
in the same injectant solutions, so that both iodoestrogens were
administered to each animal and animal variation affecting dif-
ferences in distribution of the ligands were eliminated. The la-
beled iodoestrogens were prepared for injection in 1.0 ml isotonic
saline containing a final concentration of ~3% ethanol, alone or
with unlabeled DES to partially (0.1 ug DES) or completely (1.0
ug DES) inhibit the specific (i.e., ER-mediated) uptake of radio-
iodinated estrogen. Three 22-day-old Sprague-Dawley female rats
(~40-50 g body wt) were used for each group at each time point
and the injectants were administered intraperitoneally. Aliquots
of each of the injectants were assayed in a gamma counter (model
5130 Auto-gamma Scintillation Spectrometer, Packard Instru-
ments, Downers Grove, IL) so that the results could be related to
the injected dose (ID), which varied from about 440-630 kBq (12
to 17 uCi) for each of the two radioiodoestrogens. Counting
efficiency was determined by counting aliquots of standard so-
lutions of the two radioiodine preparations (calibrated in the
Capintec dose calibrator) in the gamma counter at appropriate
settings used for '*I or '*I. The ')l assays were carried out
immediately after obtaining the tissues using a window setting in
the gamma counter which excluded counts from the low-energy
region containing '*’I emissions. The '**I radioactivity of samples
containing both nuclides was assayed after 2 wk when the '’
counts had decreased to background level. All '] radioactivity
was corrected for decay back to the time of the injections for
comparison of relative concentrations in the tissues taken at
several time points and counted at different times.

At 0.5, 2.5 and 20 hr after injection, various groups of rats
were killed by decapitation, blood was collected directly into
heparin-containing vials and 100-ul aliquots of each blood sample
were taken for assay of radioiodine. The entire uterus, vagina,
ovaries, adrenals and one kidney were removed intact, dissected
free of connective tissue and fat, blotted on filter paper, weighed
and transferred to 12 X 75 mm tubes for counting in the gamma
counter. Portions (100 mg-200 mg) of the larger tissues (liver,
muscle, brain) were similarly assayed. The pituitary was excised
and transferred directly, without weighing, to the assay tube and
the %ID/g of this tissue was based on the average weight of ~2
mg per pituitary found from weighing pooled pituitaries of 22-
day-old rats. Results are expressed as the mean and standard
deviations of the %ID/g wet weight.

RESULTS

The binding of '*IBHPE and 'IVME2 to rat uterine
ER, as compared with that of [PH]E2, are illustrated in
sucrose-gradient analyses (Fig. 2). Both radioiodoestrogens
show clear E2 inhibitable binding in the 8S region (frac-
tions 8-15), similar to that seen for [PH]JE2. While neither
E2 (Fig. 2A) nor IVME2 (Fig. 2C) show appreciable non-
specific binding, it can be seen that there is appreciable
binding of IBHPE in the 48 region (Fig. 2B, fractions 20-
26), which is not prevented by incubation with a large
excess of unlabeled estrogen. The profiles of the sedimen-
tation analyses of '>IBHPE and '*IVME? in the presence
of the anti-ER antibody in high salt gradients (Fig. 2D, E)
show the characteristic down-field shift due to the associ-
ation of the specific antibody with these radioiodinated
estrogen-receptor complexes, showing that these iodoestro-
gens are indeed binding to ER. Based on the relative
amounts of radioactivity specifically bound to ER for
12]VME2 and 'PIBHPE, relative to that of [*H]JE2 whose
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FIGURE 2. Sedimentation analysis of [*H]JE2, '*IVME2 and 'ZIBHPE. Following incubation of the radioactive estrogens with rat
uterine cytosol and DCC treatment as described in the Methods section, the mixtures were analyzed on low salt, T10K1oE, (A-C), or
high salt, T10K400E+ (D, E), 10%-30% sucrose gradients. For the low salt gradients, incubations were carried out in the absence (O,
—) or presence (@, - - -) of 100-fold excess DES (A = *H-estradiol, B = '2IBHPE, C = '*IVME2); for the high salit gradients in the
absence (O, —) or presence (@, - - -) of anti-ER antibody H222 (D = '®IBHPE, E = '*IVME2).
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specific activity is known to be 2.22 TBq (60 mCi) per
umole, specific calculated activities of 69.2 and 103 TBq/
umole (~1.87 and 2.79 Ci/umole), respectively, were ob-
tained for these iodoestrogens. In addition to providing a
reliable method to assay for specific activity of the radioi-
odinated estrogens, the gradients also demonstrate a major
difference in binding characteristics between IVME2 and
IBHPE, the former showing little significant nonspecific
binding, while IBHPE has considerable nonspecific 4S
binding.

The tissue concentrations of '*IBHPE and '*IVME?2 at
0.5, 2.5 and 20 hr after injection are shown in Figures 3
and 4 when administered alone or together with either 0.1
or 1.0 ug unlabeled DES. It is clear that for both com-

pounds the highest uptake and longest retention is in the
uterus. DES coadministration reduces the uptake of both
IZ]1BHPE (Fig. 3) and '*IVME2 (Fig. 4) in the ER target
tissues (i.e., uterus, vagina, ovary and pituitary). The up-
take of IVME2 by the pituitary appears faster and more
substantial than is seen with IBHPE. The other tissues
studied, namely liver, adrenal, kidney, muscle and brain,
did not show DES-inhibitable uptake. Of these tissues, the
liver showed the highest concentration of each iodoestro-
gen at all time points. One clear difference between the
distribution patterns for these two iodoestrogens was the
relative effectiveness of the low dose of DES to inhibit
specific uptake. While with 'ZIBHPE, the triphenylethy-
lene estrogen, the low dose of DES was nearly as compet-
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FIGURE 3. Distribution of '2IBHPE in
rat tissues following i.p. administration.
Results are plotted as mean %ID/g + s.d.
at the three time points. For each tissue,
the three bars represent results of admin-
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itive as the high dose. When administered with the steroi-
dal estrogen '®IVME2, the low dose was significantly less
competitive than the high dose of DES. With '>IBHPE,
the clearest DES inhibitable uptake at the early time points
is in the uterus and ovary. By the 20 hr time point,
however, DES inhibitability is also impressive for the
pituitary and vagina. On the other hand, at the early time
points, for '*IVME?2, the low dose of DES is unable to
significantly inhibit its uptake in the vagina and pituitary,
while the high DES dose does effectively prevent its uptake
by all of the ER target tissues. With IVME2, the apparent
nonspecific uptake observed in nontarget tissues at the
early time points is greater than that seen with IBHPE.

A comparison of the tissue concentrations of radioio-
dine as a function of time after administration for the four
ER target tissues is shown in Figure 5. Two types of time-
dependent radioactivity concentration curves can be seen,
one for uterus and ovary, another for vagina and pituitary.
For the uterus and ovary, the highest concentrations of
both radioiodoestrogens occur at the earliest time point,
30 min, at which time the relative concentration of the
two iodoestrogens, when administered alone, are quite
similar. In both of these tissues, the retention of the
steroidal estrogen IVME?2 is more prolonged than that of
IBHPE and this is especially evident in the ovary. On the
other hand, for both the vagina and pituitary the concen-
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FIGURE 4. Distribution of '*IVME2 in
rat tissues. Details as in Figure 3.
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FIGURE 5. Time course of retention of ['21)IBHPE and ['*1]IVME2 in estrogen target tissues.

were administered

lodoestrogens
alone (solid symbolis) or with 1.0 ug DES (open symbols, dotted lines) and the mean %ID/g determined for each tissue. (A = uterus,
B = ovary, C = vagina, D = pituitary). Circles = ['*I}IVME2 and squares = ['*]IBHPE.

tration of IVME?2 is significantly higher at 2.5 hr than at
30 min. For IBHPE, the uptake at both these times appears
to be substantially less in the vagina and pituitary than for
the uterus and ovary, although it can be seen that in each
case the uptake is specific, as is evident from the signifi-
cantly lower radioactivity when IBHPE was administered
along with the high dose of DES. It would appear that the
IBHPE is comparable to IVME?2 in initial uptake for those
tissues that it can reach directly from i.p. administration
(uterus, ovary), whereas when the ligand must depend on
the circulation to reach the tissues (pituitary and vagina),
the steroidal estrogen is much more effective at reaching
those target tissues. Interestingly, in each of these tissues
the apparent nonspecific uptake (i.e., uptake in the pres-
ence of the high dose of DES) is significantly greater with
the steroidal estrogen. When the results are expressed as
tissue-to-muscle ratios (Table 1), it is apparent that the
ratio for IBHPE is higher than that for IVME2 for the
uterus and ovary at the early time points. By 20 hr,
however, the ratios for the two ligands are similar. In
contrast, for target tissues requiring blood supplied ligand,

Uptake '2%'2%|-Steroidal and Nonsteroidal-Estrogens in Rat Tissues * Hughes et al.

i.e., vagina and pituitary, the tissue-to-muscle ratios are
greater for IVME2 rather than IBHPE and increase over
the time studied.

In Figure 6, the concentration curves as a function of
time are shown for blood and some nontarget tissues. In
Figure 6A, it can be seen, especially at the early time
points, that the blood level of radioiodine is significantly
higher after IBHPE than after IVME2, and as expected,

TABLE 1
Tissue-to-Muscle Ratio
05hr 25hr 20 hr
IBHPE IVME2 IBHPE IVME2 IBHPE IVME2
1 Uterus 45.0 235 1010 284 1054 1216
2 Vagina 5.2 48 94 131 347 68.3
3 Ovary 13.1 7.6 173 110 28.3 43.0
4 Pituitary 34 5.9 9.0 146 16.8 43.1
5 Liver 10.1 53 10.3 3.6 9.9 13.0
6 Adrenal 34 48 20 29 54 35
7 Kidney 3.0 25 40 2.1 55 25
8 Brain 0.6 1.2 08 0.7 05 0.7
277
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FIGURE 6. Time course of retention of '2IBHPE and '**IVMEZ2 in nontarget tissues. Symbols as in Figure 5.

there is no significant difference in blood levels whether
either of these ligands were administered in the absence or
presence of DES. On the other hand, in the nontarget
tissues, brain and muscle, the concentration of IVME2
is significantly higher than that of IBHPE, again both
in the absence and presence of DES. However, in the liver,
where both of these ligands are most likely metabolized,
the levels of radioiodine from the two iodoestrogens are
much more comparable and also not affected by coadmin-
istration of DES.

DISCUSSION

There is now evidence for the potential of radioiodinated
estrogens for both imaging (i.e., diagnosis) (/3-16) and
also possibly therapy (8-12) of ER-positive cancers. To
accomplish either useful imaging or effective therapy, it
will be important to choose the best iodoestrogens for each
purpose (/5-18), and also label the estrogens at high
specific activities. For this study, it was advantageous to
have the iodoestrogens at approximately equal specific
activities so that similar numbers of molecules of the
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estrogens would be injected. Recently, we have been able
to prepare both 'ZI-labeled I-BHPE and I-VME2 at near
the theoretical specific activity of ' (~8.9 MBq/pmole;
240 uCi/pmole) (8,9). It is likely that high specific activities
will be required for therapy and will be useful for imaging
with '?|-labeled estrogens as well. For therapy each estro-
gen, at such high specific activity, taken up into the nucleus
of a target cell would have the potential to deliver radio-
therapy to the cells. For imaging, it is clearly important to
have not only high concentrations in the ER-containing
tissues that one wishes to detect, but also low concentra-
tions in the nontarget tissues. This latter characteristic is
frequently related to blood levels, since the major vessels
and capillary beds constitute a significant component of
the background, over which the signal (ER-bound ligand)
is to be detected. In this respect, the rapid loss of the
radioiodine from the blood when IVME?2 is administered
would appear to be attractive (Fig. 6). Also, there are
several reports that the 118-methoxy substituent increased
target tissue-to-blood ratios (/3,18-21). And, as seen in
the sedimentation analyses (Fig. 2), IVME2, characteristic
of many 118 substituted estrogens, shows little nonspecific
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binding in tissue extracts. However, the other significant
difference between the nontarget tissue distribution of
IVME2 and IBHPE is the significantly higher levels of
tissue radioiodine from IVME2, especially at the 0.5 and
2.5 hr time points, when the highest levels are present in
the target tissues (Table 1). It appears that when the
estrogen does not bind very well to blood proteins or
carriers, it can more readily diffuse into tissues. Since
estrogens in general are somewhat lipophilic and thus
readily associate with the lipid-rich cell membranes, with
IVME2 there is a higher nonspecific concentration
throughout the body than with IBHPE, which binds avidly
to nonspecific proteins in the blood and may require higher
affinity binding proteins in tissues to effect release from
serum proteins. This interaction in the blood probably
prevents unrestricted diffusion into all tissues and results
in lower concentrations of IBHPE in most nontarget tis-
sues. Interestingly, the uptake of the two estrogens by the
liver, the site of extensive metabolism of estrogens,
is comparable for those two estrogens, supporting the
conclusion that the aforementioned differences are char-
acteristic of the ligands and not of the method of study.
The ability to draw such conclusions emphasizes the in-
herent advantages in the use of dual isotopes in the same
animals, whereby the precision of the comparison is in-
creased by eliminating differences due to animal to animal
variation or injection differences. Furthermore, we had
also noted high nonspecific tissue levels of the bromine
analog of this estrogen (6). As seen in Figure 6, the blood
levels of radioiodine after injection of IBHPE were signif-
icantly higher at both 0.5 and 2.5 hr than those of animals
given IVME2.

Fluorine-18-labeled estrogens also appear promising for
imaging, especially in that PET imaging can provide better
three-dimensional localization. Keisewetter et al. (22)
compared four different '®F-labeled estrogens in the
immature rat and found that while all four showed
selective uptake by the uterus after i.v. administration,
16a-fluoro-178-estradiol gave the highest %ID/g level,
uterus-to-blood ratio and uterus-to-nontarget tissue ratios.
While none of these values were as high as those of the
iodoestrogens reported here in the uterus after i.p. admin-
istration, a subsequent study of 6a-['®F]fluoro-178-estra-
diol in patients showed this fluoroestrogen to have high
sensitivity and specificity for detecting metastatic breast
carcinoma (23).

For therapy via emission of Auger electrons, it is im-
portant to be able to reach the highest ligand concentration
in the cell nucleus, since it is well-documented that the
short range of Auger electrons essentially limits their ra-
diotoxic effectiveness to the nucleus of the cell in which
the decay occurs (24). The basis for the proposed use for
steroid-receptor containing cancers is that the steroid
receptors in general, and ER in particular (25), reside in
the cell nucleus of target tissues and the ER complex with
estrogen binds to specific regions in the DNA (26) of the
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target cells. We have focused on the i.p. route of adminis-
tration of the iodoestrogens because of our interest in
approaching ovarian cancer which spreads in the perito-
neal cavity. It is one of the greatest therapeutic challenges
of ER-containing cancers (5) because, while nearly half of
all ovarian cancers contain ER, conventional endocrine
therapies cause few remissions and conventional chemo-
therapies are of limited effectiveness as well. For therapy
with Auger electron-emitting estrogens to be effective, one
would want to use the estrogen with the best localization
in the peritoneal ER-positive cancer tissue, as well as the
most prolonged retention. Even though '2 has a relatively
short half-life (i.e., 13.2 hr), the biologic retention of
estrogen in its target tissues is also rather short. Since
normal tissues also contain estrogen receptors, one would
ideally like to find a ligand that would localize preferen-
tially in the target cancer in the peritoneal cavity with
minimal systemic redistribution via the circulation to
other normal target tissues, such as the pituitary and
hypothalamus. For this purpose the IBHPE looks prom-
ising. It is clear that the normal ER target tissues in the
peritoneal cavity, uterus and ovary, which it reached di-
rectly from the i.p. route, showed substantially higher
concentrations than those tissues, like the vagina and
pituitary, which depended on supply via the circulation
(Fig. 5). It is also likely that the substantial nonspecific
binding to various proteins present in the peritoneal fluid
enhanced the retention in the peritoneal cavity allowing
prolonged access to the peritoneal target tissues. One might
be concerned about uptake to the normal tissues of the
uterus and ovary. However, because of the nature of the
disease and treatment, these tissues, if present, are gener-
ally removed at the time of first surgery for ovarian cancer.
While IVME2 shows excellent, and probably superior,
uptake and retention by the ER-positive peritoneal tissues,
it also is concentrated to much higher levels in the distant
ER target tissues such as the vagina and pituitary, which
depend upon systemic blood supply for uptake. Gatley et
al. (27,28) have shown similar patterns between IBHPE
and IVME?2? in both immature and mature rats, albeit with
a reduced target tissue uptake in the mature animals. In
the same study, they also showed that both iodoestrogens
were stable in the target tissues but were rapidly de-
iodinated in the liver and that IBHPE was stably trans-
ported in the blood. Thus, it would appear for the purpose
of preferentially concentrating an iodoestrogen in perito-
neal ER-containing tissue relative to other estrogen target
organs, the triphenylethylene iodoestrogen, IBHPE, would
have the advantage. On the other hand, the higher periph-
eral ER-target tissue uptake and the more rapid clearance
of I-VME?2 from the blood would suggest that the steroidal
iodoestrogen would be more attractive for imaging of ER-
positive lesions, especially at a number of hours after
administration. With a view to establishing the dosimetry
of 'PIBHPE for its therapeutic use in humans, a prelim-
inary study of the biodistribution in women has been under-
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taken (29). In that study, also via the intraperitoneal route,
it was found that injection of the IBHPE with albumin
significantly prolonged the intraperitoneal residence time,
thus reducing liver yadiation exposure. These results are
clinically desirable for either diagnosis or therapy.

SUMMARY

We have compared the total and specific uptake and
retention of two radioiodoestrogens, a triphenylethylene
estrogen '“IBHPE and a steroidal estrogen '*IVME?2, after
intraperitoneal administration to immature female rats.
The steroidal estrogen gave the highest uptake and longest
retention in both peritoneal and distant estrogen target
tissues and was rapidly cleared from the blood. However,
it showed unexpectedly high nonspecific diffusion into all
tissues, especially at the earlier time points. The tripheny-
lethylene iodoestrogen also showed excellent uptake and
extended retention in peritoneal estrogen target tissues,
especially the uterus, but substantially decreased concen-
trations in estrogen target tissues that depended upon the
circulation for the delivery of ligand, such as the pituitary
and vagina. These distant tissues thus might be spared
radiation dose from the therapeutic use of '>’IBHPE rela-
tive to their exposure from '*IVME2.
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