
mination has evoked much interest in developing ra
diopharmaceuticals capable of binding to the estrogen
receptor (6â€”19). Gatley (19) recently reported on the
tissue distribution of 17/3-( 16a-1 251)iodoestradiol in
female Fischer rats bearing mammary adenocarcinoma.
This labeled estrogen, introduced by Hochberg (9,18),
has a high affinity for the estrogen receptor relative to
estradiol, and a low binding to plasma proteins.
Katzenellenbogen et al. (14) investigated halogenated
estrogens. Of the fluorinated compounds 1-fluorohex
estrol appears to be the most promising. They also pre
pared I713(16a-77Br)bromoestradiol (16). This com
pound showed high affinity for the estrogen receptor and
demonstrated a receptor-specific uptake in the uterus of
immature and mature rats and into DMBA-induced
mammary tumors of the rat. Previously we suggested
carbon-l I (20.4 mm, f3@),an isotope of carbon suitable
for positron-emission tomography, as a label for estro
gen-receptor-binding radiopharmaceuticals. In 1976 we
described the synthesis of carbon-i i-labeled 17a-eth
ynylestradiol (6) and recently the synthesis of carbon

During the last decade the relationship between the
estrogen-receptor concentration and the response to
endocrine therapy in human breast cancer has become
well established (1â€”3). Patients with tumors lacking
estrogen receptors are not likely to respond to endocrine

therapy, whereas patients with tumors that show sig
nificant receptor concentrations have a better prognosis
(4) andachancetorespondtoendocrinetherapy(5).An
in vivo scintigraphic measurement of the estrogen-re
ceptor content of breast tumors and their metastases
would have many advantages over the present in vitro
methods: inaccessible metastases could be investigated
and the effect of therapy on the estrogen-receptor con
tent could be followed. Most important, tumors and
metastases that contain estrogen receptors could be
identified more easily and rapidly. This in vivo deter
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Ethynylestradioland moxestroican be labeled with carbon-i 1 by introducIng
thisposItronemitter in the 17a-ethynyl group.To investigatetheir potentialas ra
diotracersbIndIngto estrogenreceptors,we studiedthe tIssuedistributionof tn
tiated ethynylestradloland moxestrol,with specific activItIesof 57 CI/mmol and
77-90 Ci/mmol, respectively, In the adult female rat. At 30 mm after injection, both
compoundsshowedspecificuptake in the uterus( % dose/g): 2.52 for ethynyles
tradiol and of 2.43 for moxestrol.A decrease of the specific activIty to 6-9 CI/
mmolresultedinuterineuptakesof 1.60 and2.iO respectively,forethynylestradlol
and moxestrol,at 30 mm. In the female rat bearingDMBA-Inducedmammarytu
mors,specIficuptakewas alsomeasuredin the tumors,althoughthe valueswere
only25-30% ofthe uterineuptake.Moxestrolshoweda greateruptakeselectivity
in the tumorscomparedwith ethynylestradlol.From this studywe concludethat
ethynylestradiolandmoxestrolhavegoodpotentialastracersbIndingto mammary
tumorsthat contaInestrogenreceptors.
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11-labeled 1lf3-methoxy, 17a-ethynylestradiol (mox
estrol) (17). Moxestrol and 17a-ethynylestradiol are
known as potent estrogens (20). They are bound with
high affinity to the estrogen receptor in rat uterus and
stimulate uterine growth in immature rats. Jensen (21)
investigated the in vivo uptake of ethynylestradiol and
Raynaud (20) the in vivo uptake of moxestrol in im
mature rats. However, these studies are not suitable for
determination of the potential of the carbon-i 1-labeled
analogs as estrogen-receptor-binding radiopharma
ceuticals. In such experiments the half-life and achiev
able specific activity ofcarbon-1 1,as well as the demands
of the detection in vivo must be considered.

Accordingly, we investigated the potential of these
estrogens as estrogen-receptor seekers with the tritiated
analogs (sp. act. 57â€”90Ci/mmol). The tissue distribu
tion of the steroids was determined in mature female rats
and in rats bearing mammary tumors induced with di
methylbenz(a)anthracene (DMBA) within one hour
after injection (#%s3half-lives of C-i 1). The uptake in
estrogen-receptor-containing tissues and the target
to-nontarget ratios were established.

We also report on the tissue distribution of tritiated
17a-ethynylestradiol and moxestrol with specific ac
tivities of 6â€”9Ci/mmol. With our current facilities, this
is the achievable specific activity of the carbon-i I-la

beled steroids, when the precursor C-i 1 acetylene is
produced according to Crouzel (22).

MATERIALS AND METHODS

[6,7@3H(N)JEstradiol* (Si Ci/mmol) and (1 1/3-
methoxy@3H)moxestrol* (7790 Ci/mmol) were pun
fled on a chromosorb-ethanediol (5 : 1) column (5 X 0.6
cm). After washing the column with 10 ml of 7% ethyl
acetate in iso-octane, estradiol(H-3) was eluted with
22.5% ethyl acetate in iso-octane. After column chno

matognaphy, the radiochemical purity was greater than
97%, as measured according to the manufacturer.
I7a- [6,7-3H(N)J Ethynylestradiol (53â€”58Ci/mmol)
was used without prior purification. The radiochemical

purity was better than 98%. Other chemicals were ob
tamed commercially: moxestrol (R 2858),* 17a-eth
ynylestradiol,t 17/3@estradiol,t 35% aqueous formalde
hyde,t Nuclear Chicago Solubilizer (NCS),t Pico
fluor,1 Plasmasol,1 7,i2-dimethylbenz(a)-anthracene
(DMBA).I

Animals. For in vivo studies we used normal female
Wistar rats (12-16 wk, 200 g). Every day a vaginal
smear was made to determine the stage of the estrous
cycle. Only rats that showed at least two consecutive
cycles were used for this study. Mammary tumors were
induced with DMBA in Sprague-Dawley rats. At age 7,
8, and9 wk theratsreceivedan intragastricfeedingof
10 mg DMBA in 1 ml ofolive oil. Animals with growing
tumors 0.5â€”3cm diameter were used for in vivo studies,

no discrimination being made for the stage of the estrous
cycle. The Wistar and Sprague-Dawley rats were housed
in groups of five, maintained in air-conditioned sun
roundings under controlled lighting conditions, and given

standard laboratory food and water ad libitum.
In vivotissue distribution studies. The Wistar rats used

in this study were at the metoestrus phase of the estrous
cycle. Rats were injected through the tail vein under light
ether anesthesia with a solution of the appropriate steroid
in physiological saline containing 5â€”10% ethanol (5 @zCi,
57â€”90Ci/mmol). In control experiments animals re
ceived a 100-fold excess (2 @g)of nonradioactive estra
diol immediately before injection of the tnitiated steroid.
In another experiment the radioactive steroids were di
luted with the stable analogs to a specific activity of 6
Ci/mmol for 17a-ethynylestradiol(H-3) and 9 Ci/mmol
for moxestrol(H-3). The injected dose was 5 j@tCi.

The Sprague-Dawley rats (250 g) bearing mammary
tumors were used at random stages of the estrous cycle.
They received 7.5 @tCiof the diluted and undiluted tn
tiated steroids as described for the Wistar rats. In control
experiments 3 @tgof stable estradiol was used. At the
indicated times the animals were decapitated. Blood was
collected immediately in tubes containing a few drops
of heparin (5000 IU/ml). Whole organs and the tissues
were excised rapidly and samples of 0.05 to 0. 15 g were
digested overnight at 50Â°Cin I- I .5 ml of NCS tissue
solubilizer. After cooling to room temperature, the col
ored samples were bleached with 0. 1-0.5 ml of corn
mercial bleaching water and neutralized with an equal
volume of 35% aqueous formaldehyde. To 0.5 ml of
blood an equal volume of water was added with gentle
shaking, and 0.5 ml of bleaching water. After dicolor
izing, 0.5 ml of 30% formaldehyde was added. All sam
ples were counted in 15 ml of Plasmasol with an clii
ciency of 20-30%.

RESULTS

In vivodistributionstudies in maturefemale rats. The
in vivo characteristics of tritiated ethynylestradiol and
moxestrol were first investigated in normal female rats
at metoestrus, the stage of the cycle in which the estrogen
level is low (23). Due to the short half-life of C-i 1, its
application in labeled compounds is limited in time. We
therefore determined the distributions of the tritium
labeled compounds at 15, 30, and 45 mm after injection.
In Tables I and 2 the tissue distributions of tnitiated
17a-ethynylestradiol and moxestrol (specific activities
57 and 77 Ci/mmol) in mature rats are shown. The data
are expressed as percentages of the injected dose per

gram of wet weight (% dose/g). Both steroids showed

pronounced uptakes in estrogen target tissue such as the
uterus and ovaries, compared with the uptake in non
target tissue. Moreover, organs involved in steroid me
tabolism, such as liver, kidneys, and intestine, displayed
high uptake percentages. The amount of tnitiated eth
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Organ15 mm30 mm45 mmControlt 30mmBlood0.18

(0.14â€”0.27)0.08 (0.07â€”0.08)0.05 (0.04â€”0.06)0.060.05â€”0.06)Uterus2.40

(2.04â€”2.91)2.52 (1.42â€”3.31)2.20 (1.81â€”2.84)0.48(0.41â€”0.62)Ovary2.20

(1.43â€”3.31)1.35 (1.03â€”1.90)1.08 (0.79â€”1.30)0.45(0.38â€”0.51)Spleen0.60

(0.51â€”0.81)0.33 (0.28â€”0.46)0.25 (0.20â€”0.33)0.12(0.10â€”0.24)Kidney1.35

(1.13â€”1.92)0.83 (0.70â€”1.17)0.55 (0.38â€”0.77)0.30(0.23â€”0.43)Adrenals4.52

(2.58â€”9.11)1.47 (1.32â€”1.72)0.92 (0.81â€”1.26)0.70(0.58â€”0.84)Liver4.62

(3.27â€”6.63)2.40 (1.94â€”2.83)1.75 (1.54â€”2.07)1.50(1.41â€”1.73)Heart0.60

(0.49â€”0.96)0.30 (0.20â€”0.51)0.15 (0.10â€”0.23)0.15(0.11â€”0.23)Lung0.82

(0.52â€”1.32)0.37 (0.30â€”0.42)0.25 (0.29â€”0.31)0.18(0.12â€”0.20)Fat0.42

(0.24â€”0.61)0.47 (0.38â€”0.74)0.60 (0.32â€”0.84)0.48(0.37â€”0.63)Muscle0.28

(0.25â€”0.40)0.13 (0.10â€”0.21)0.10 (0.10â€”0.10)0.10(0.10â€”0.10)Small

intestine10.42 (8.01â€”11.83)5.13 (3.61â€”7.24)3.15 (1.76â€”7.02)3.68 (1.72â€”7.10)

BASIC SCIENCES
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TABLE1. TISSUEDISTRIBUTION(% DOSE/g) OF 17a-ETHYNYLESTRADIOL(H-3)WITh SPECIFIC
ACTiVITY OF 57 Cl/mmol IN FEMALE RATS

. Rats were at the metoestrus phase of their cycle. Mean of four rats, with range in parentheses. Dose: 5 @iCi.

t Rats received a 100-fold dose of estradlol before the injection of 5 @LCi17a-ethynylestradiol(H-3) with a specific activity of

57 Ci/mmol.

ynylestradiol and moxestrol in the liver decreases rapidly
owing to delivery of metabolized steroids in the small
intestine. It is essential to know whether the observed
uptakes of ethynylestradiol(H-3) and moxestrol(H-3)
are due to the interaction of the steroids with the estrogen
receptor in the target organs or to other steroid-protein
interactions. Accordingly, in control experiments ani
rnals were injected with a iOO-fold dose of stable estra
diol just before the injection of the tritiated steroids, to
saturate the estrogen receptor present in the target or
gans. As shown in Tables 1 and 2, this preinjection
markedly reduced the uterine uptake of the two ra
diotracers, in contrast to that in nontarget organs. The
ovarian uptake was only slightly decreased.

In the studies mentioned above, commercial tritiated
steroids were used with a specific activity of 57â€”77Ci/
mmol. Because ofthe short half-life ofcarbon-i i and the
carrier problem in the production and synthesis of car
bon- 1i -labeled steroids, a specific activity of 57â€”77

Ci/mmol is still not realizable. We therefore investigated
the uptake of tritiated 17a-ethynylestradiol and mox
estrol with specific activities of 6â€”9Ci/mmol, which is
the specific activity currently feasible for these carbon
1i-labeled steroids. Again mature cycling rats at me
toestrous were injected with a dose of 5 zCi. Table 3
shows the uptakes of ethynylestradiol(H-3) and mox
estrol(H-3) with these specific activities. The results
show that the tissue distribution of the tritiated steroids
with one tenth of the former specific activity followed the
same pattern as those with the high specific activity. The
effect of the reduced specific activity on the uptake of
these tracers by the uterus is not significant at 30 mm
after injection, and this is also true for the 15-and 45-mm
time intervals (results not shown). This suggests that the
steroid concentration is increased about tenfold with a
tenfold increase of injected dose. Thus the injected dose
(radioactive and stable steroid) of the preparations with
high specificactivity did not saturate the estrogen re
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ControltOrgan
15 mm 30 mm 45 mm 30 mm

4 Rats were at the metoestrus phase of their cycle. Mean of four rats with range in parentheses. Dose: 5 @zCl.

t Rats received a 100-fold dose of estradiol prior to the injection of 5 @iCimoxestrol(H-3) with a specific activity of 77 Ci/
mmol.
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TABLE2. TiSSUEDISTRIBUTION(% DOSEIg) OF MOXESTROL(H-3)WITh SPECIFICACTIVITY
77 Ci/mmol IN FEMALERATS

Blood 0.11
(0.08â€”0.14)

0.10
(0.07â€”0.12)

0.07
(0.06â€”0.08)

0.04
(0.04â€”0.05)

Uterus 1.64
(1.12â€”2.31)

2.43
(1.60â€”3.11)

2.34
(1.93â€”2.60)

1.04
(0.94â€”1.17)

Ovary 1.02
(0.86â€”1.31)

1.20
(0.99â€”1.61)

1.12
(0.94â€”1.51)

0.74
(0.59â€”0.85)

Spleen 0.28
(0.19â€”0.36)

0.58
(0.46â€”0.72)

0.36
(0.23â€”0.54)

0.70
(0.54â€”0.79)

0.24
(0.20â€”0.28)

0.57
(0.48â€”0.63)

0.24
(0.18â€”0.33)

0.44
(0.33â€”0.53)

Kidney

Adrenals 1.21
(0.84â€”1.52)

0.94
(0.71â€”1.24)

0.81
(0.66â€”0.89)

0.68
(0.48â€”0.81)

2.55
(2.16â€”2.95)

4.86
(4.49â€”5.42)

Liver 3.75
(2.93â€”4.35)

2.93
(2.39â€”3.27)

Head 0.33
(0.23â€”0.40)

0.39
(0.27â€”0.56)

0.18
(0.16â€”0.23)

0.26
(0.24â€”0.30)

Lung 0.32
(0.23â€”0.39)

0.29
(0.21â€”0.36)

0.28
(0.18â€”0.34)

0.28
(0.20â€”0.34)

Fat 0.26
(0.17â€”0.35)

0.34
(0.29â€”0.39)

0.34
(0.26â€”0.45)

0.47
(0.35â€”0.56)

Muscle 0.18
(0.14â€”0.23)

0.15
(0. 10â€”0.20)

0.11
(0.06â€”0.18)

0.14
(0. 12â€”0.16)

Small
intestine

4.87
(0.24â€”8.21)

3.32
(1.17â€”5.47)

1.84
(0.83â€”2.53)

5.88
(0.15â€”9.22)

ceptors in the uterus. In Table 4 the uterus-to-blood ra
tios calculated from the data of the above mentioned
experiments are shown.

In vivostudies in rats bearing DMBA-induced mam
mary tumors. These tumors are an acceptable model for
the study of hormone dependence in human breast
cancer. Most of these tumors are hormone dependent
and contain estrogen receptors, although at a lower
concentration than in the uterus (24). In rats bearing
DMBA-induced mammary tumors we investigated the
in vivo tissue distribution after injection of tritiated
17a-ethynylestradiol and moxestrol with two different
specific activities. Rats were used at random stages of
estrous cycle. The results of these experiments are
summarized in Table 5. At high specific activity (57 and
90 Ci/mmol), both compounds showed tissue distribu
tions similar to those seen in rats without tumors: high
uterine uptake for ethynylestradiol (1 .4%dose/g), and
2.6%dose/g for moxestrol. For both compounds the

uptake in the mammary tumors is 25-30% of the uterine
uptake. With 17a-ethynylestradiol(H-3) the tumor
uptake is not significantly different from the uptake in
fat (0.44 vs. 0.32%dose/g), but tumor uptake of mox
estrol(H-3) is significantly higher than that in fat (0.67
vs. 0.22%dose/g).

Reduction of the specific activity of the tritiated ste
roids did not significantly decrease the uptake of radio
activity in the uterus and the tumors. As already men

tioned in the previous section, this suggests that the es
trogens were below the saturating amounts when high
and low-specific activity preparations were used.

As in normalrats, the estrogenspecificityof the tissue
distribution was investigated by preinjection of a iOO
fold excess of stable estradiol. Again, preinjection of
estradiol markedly reduced the uptake of the tritiated
steroids in the uterus, as shown in Table 5. The reduction
in tumor uptake was also significant.
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Organ 17a-Ethynylestradiol Moxestrol

Uterus/Blood
17a-Ethynylestradiol Moxestrol

Time 6 Ci/mmol 57 Ci/mmol 9 Ci/mmol 77 Ci/mmol

RASIC SCWNCE.S

RADIOCHEMISTRY AND RADIOPHARMACEUTICALS

tritiated 17a-ethynylestradiol and moxestrol (55 and
77â€”90Ci/mmol) at i 5â€”45mm after injection. Within
this period, 17a-ethynylestradiol and moxestrol showed
an estrogen-receptor-specific tissue distribution in ma
ture female rats and in rats bearing DMBA-induced
mammary tumors. Thus the use of carbon-i i-labeled
estrogens for in vivo studies would not be prevented by
the half-life of carbon- 11.

In spite of endogenous circulating estrogens, high
uptake percentages could be obtained in the uterus
(Tables I, 2, and 5). The tumor uptakes of 17a-ethyn
ylestradiol and moxestrol in the DMBA-induced tumors
of the rat are about 25%of the uterine uptake (Table 5).
One explanation might be the lower receptor concen
tration (24); another could be the difference in vascu
larization and content of components binding nonspe
cifically. The use of tumor-bearing rats at random stages
of their cycle may also have affected the accumulation
in uterus and tumor. The uptake of 17a-ethynylestradiol
in the tumors is not significantly different from that in

fat. In this experimental model, moxestrol appears to be
more selective. Tumor uptakes are well above back
ground. The difference of tumor-to-fat ratios of I7a-
ethynylestradiol and moxestrol could be explained by the
very low nonspecific binding of moxestrol (20). This
emphasizes, as indicated by Raynaud (20), that the in
vitro affinity for the estrogen receptor alone does not
fully predict the in vivo behavior of the estrogen.
Therefore the Binding Selectivity Index introduced by
Katzenellenbogen (15) should be a better predictor for
in vivo behavior of potential receptor-binding radio-.
pharmaceuticals.

In a discussion of the potential of carbon-i i-labeled
estrogens, the specific activity of the tracer compound
must be considered. For i7a-ethynylestradiol and
moxestrol, the specific activity of the radioactive pre
cursor, C-i 1 acetylene, is crucial. When the method
published by Crouzel et al. (22) is used with the cyclo
tron in Groningen for the production of this precursor,

TABLE3. UPTAKEOF TRITIATED
17a-ETHYNYLESTRADIOL AND MOXESTROL

( % DOSE/g), WITh SPECIFICACTIVITY
6 Ci/mmol AND 9 Ci/mmol RESPECTIVELY,

IN FEMALE RATS

0.10

(0.09â€”0.12)

2.10
(1.19â€”2.53)

1.01
(0.64â€”1.40)

0.51
(0.42â€”0.63)

0.68
(0.53â€”0.83)

3.01
(1.99â€”4.17)

0.28
(0.22â€”0.35)

0.15
(0.13â€”0.17)

4.87
(3.87â€”6.12)

Blood 0.06

(0.06â€”0.07)

Uterus 1.60
(1.11â€”2.21)

0.75
(0.67â€”0.88)

Ovary

Kidney 0.34
(0.28â€”0.39)

Adrenals 0.82
(0.60â€”1.05)

Liver 1.57
(1.20â€”1.94)

Fat 0.44
(0.31â€”0.61)

0.09
(0.07â€”0.11)

Muscle

Small
intestine

3.88
(1.56â€”7.34)

Time 30 mm. Rats were at the metoestrus phase of
their cycle. Mean of four rats with range in parentheses.
Dose: 5 MCi.

DISCUSSION

In this work we used the tritiated analogs to investi
gate the potential ofcarbon-l i-labeled i7a-ethynyles
tradiol and moxestrol as estrogen-receptor-binding ra
diopharmaceuticals. Because of the 20.4-mm half-life
of carbon- 11, we determined the tissue distribution of

TABLE4. UTERUS-TO-BLOODRATiOSOF TRITIATED17a-ETRYNYLESTRAD1OLAND MOXESTROLIN
RATS

15mm 7.0 13.6 12.7 13.6
(6.4â€”11.3) (10.6â€”15.7) (12.0â€”14.4) (11.9â€”15.5)

30 mm 25.0 35.8
(19.2â€”39.4)

24.9
(14.6â€”33.6)

21.0
(13.9â€”24.1)(17.5â€”33.4)

45 mm 27.2 45.2 36.8 38.0
(24.1â€”33.0) (42.7â€”53.4) (33. 1â€”42.5) (32.6-40.2)

. Rats were at the metoestrus phase of their cycle. Mean of four rats, with range in parentheses. Ratios are calculated from

the data shown in Tables I to 3. Dose: 5 zCl.
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Organ17a-EthynylestradiolMoxestrol6Ci/mmol57 Ci/mmol9 Ci/mmol90Ci/mmolBlood0.09

(0.07â€”0.10)0.10 (0.09â€”0.12)0.07 (0.07â€”0.09)0.07(0.07â€”0.08)Uterus1.25

(0.80â€”1.99)1.38 (1.14â€”1.84)1.70 (1.09â€”1.99)2.60(1.98â€”5.22)Liver1.42

(1.20â€”1.65)1.68 (1.59â€”1.85)2.40 (2.26â€”2.61)3.54(3.22â€”4.11)Tumor0.33

(0.21â€”0.53)0.44 (0.24â€”0.60)0.43 (0.20â€”0.62)0.67(0.12â€”1.01)Fat0.22

(0.16â€”0.28)0.32 (0.28â€”0.40)0.23 (0.18â€”0.25)0.22(0.16â€”0.35)Muscle0.09

(0.08â€”0.10)0.10 (0.07â€”0.15)0.11 (0.10â€”0.13)0.13(0.10â€”0.16)Controlst
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TABLE5. UPTAKEOF TRIT1ATED17a-EThYNYLESTRADIOLAND MOXESTROL( % DOSE/g) IN RATS
BEARINGDMBA-INDUCEDTUMoRS'

Blood 0.08 0.09
(0.08â€”0.09) (0.08â€”0.10)

Uterus 0.23 0.59
(0.16â€”0.30) (0.57â€”0.63)

Liver 1.40 3.60
(1.35â€”1.46) (3.58â€”3.61)

Tumor 0.16 0.27
(0.13â€”0.24) (0.19â€”0.37)

. Time 30 mm. Rats were used at random stages of their cycle. Dose: 7.5 MCi. Mean of four rats with range in parentheses

forat least22tumors.
t Rats received a 100-fold dose of estradiol before the injection of 7.5 @Ci17a-ethynylestradiol(H-3)(57 Ci/mmol) or 7.5 j@Ci

moxestrol(H-3) (90 Ci/mmol). Mean of two rats with range in parentheses for at least I 1 tumors.

the specific activity of these carbon-i i-labeled steroids
could be 5â€”10Ci/mmol. We therefore investigated the
tissue distribution of tritiated 17a-ethynylestradiol and

moxestrol with specific activity 6â€”9Ci/mmol. We
showed that with both steroids high uterine uptakes and
uterus-to-blood ratios can be obtained.

The extent of uptake and the uptake selectivity of the
tumors are low with the tritiated estrogens oflow specific
activity. Thus tracer specific activity is more critical for
the tumor than for the uterus with the dose used (@-.-@0.2
ag/animal).

We conclude that both 17ct-ethynylestradiol and
moxestrol, labeled with C-i I , have good potential as
receptor-binding radiopharmaceuticals. Their applica
tion is not hindered by the short half-life of carbon- 11.
Both steroids show a selective tissue distribution in ma
ture female rats and in rats bearing DMBA-induced
mammary tumors, although moxestrol seems to be more
selective than i7a-ethynylestradiol in the tumor-bearing
rat. However, the achievable specific activity of these

carbon-i i-labeled estrogens (5â€”10Ci/mmol) is prob
ably too low for reliable detection of tumors by current
methods, and future research should be directed toward
the design of production processes that result in car
bon-i 1-labeled 17a-ethynylestradiol and moxestrol of
high specific activity.

FOOTNOTES

* New England Nuclear, Boston, MA.
t Merck, Darmstadt, FRG.
t Amersham.
I Packard.

I Fluca, Basel, Switzerland.
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