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1 Human luteal tissue slices from days 18, 21 and 25 of the menstrual cycle were superfused in vitro
with Medium 199 alone or containing cloprostenol (1 ug/ml). Concentrations of progesterone,
oestradiol- 174 and prostaglandins F,, and E, were determined in the superfusate samples.

2 Secretion of steroids and prostaglandins was maintained at an approximately constant level
throughout the experiments (21 h in one case) when the tissue was perfused with M199 alone.

3 Superfusion with cloprostenol (1 pg/ml) resulted in an initial depression of progesterone and
oestradiol-174 but this was not maintained, levels returning to control values or showing an increase,
while superfusion with cloprostenol continued. Cloprostenol is not therefore considered to be luteolytic
at this dose and under these conditions for human luteal tissue in vitro.

4 Superfusion with cloprostenol (1 pg/ml) also resulted in a large stimulation of secretion of
endogenous prostaglandin F,, following a short lag phase. This stimulation was possibly due to the
initial depression of progesterone secretion. A short-lived stimulation of prostaglandin E, secretion was
also observed.

5 The significance of the increase in prostaglandin E, secretion and the interrelationships between the

various changes observed with cloprostenol are difficult to interpret.

Introduction

Luteal function in many mammalian species appears
to be controlled by the secretion of a uterine luteolysin
which, in most cases, is almost certainly prostaglandin
F,, (Poyser, 1973). However, human luteal function
seems to be independent of uterine control since
neither hysterectomy (Beavis, Brown & Smith, 1969;
Beling, Marcus & Markham, 1970) nor congenital
absence of Fallopian tubes, uterus and vagina (Brown,
Kellar & Matthew, 1959; Fraser, Baird, Hobson,
Michie & Hunter, 1973) disrupt cyclical ovarian
function. Attempts to induce luteal regression in
women by intravenous infusions of prostaglandin F,,
have been unsuccessful (Jewelewicz, Cantor,
Dyrenfurth, Warren & Vande Wiele, 1972) but direct
injection of prostaglandin F,, into the human corpus
luteum does induce luteolysis (Korda, Shutt, Smith,
Shearman & Lyneham, 1975) and specific pro-
staglandin F,, receptors have been found in the
human corpus luteum (Powell, Hammarstrom,
Samuelsson & Sjoberg, 1974). Consequently an intra-
ovarian luteolytic role for prostaglandin F,, has been
proposed for the human corpus luteum. The

observations that human luteal tissue produces pro-
staglandins in vitro (Challis, Calder, Dilley, Forster,
Hillier, Hunter, Mackenzie & Thorburn, 1976a) and
that infusions of prostaglandin F,, reduce human
luteal progesterone secretion in vitro (McNatty,
Henderson & Sawyers, 1975) support this hypothesis.
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Cloprostenol (ICI 80,996), a derivative of pro-

staglandin F,,, has been shown to be a potent

luteolytic agent in several species including sheep, rats

and mares (Dukes, Russell & Walpole, 1974). In this
paper we present the preliminary results of an in-
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vestigation into the action of this compound on human
luteal steroid and prostaglandin secretion in vitro.

Methods
Source of tissue

Ovarian tissue samples were obtained at laparotomy
on days 18, 21 and 25 in 28 day menstrual cycles,
from 3 women undergoing hysterectomy for non-
malignant conditions (fibroids or endometriosis). The
stage of the menstrual cycle was determined from the
menstrual history and supported by ovarian and
endometrial histology. The project was accepted by
the Regional Ethical Committee.

Treatment of tissue

Ovarian tissue was transported to our laboratories in a
sterile container immediately on removal from the
patient. On arrival in the laboratory the corpora lutea
were placed in sterile medium (M199 Wellcome
Reagents Ltd.) at pH 7.4. The medium contained no
antibiotics or serum at this or any other stage in the
experiment. The corpora lutea were then trimmed free
of connective tissue and 0.4 mm slices were obtained
with a hand microtome. These tissue slices were each
then halved and each half slice (50 mg) was accurately
weighed and placed in a sterile superfusion chamber.
The superfusion system used was as described before
(Rodway, Dodson & Watson, 1976) except that the
Millipore filters were replaced by nylon gauze. The
whole system was set up in a cold room at 4°C, in a
heated water bath maintaining the coils, superfusion
chambers and contents at 37°C. The apparatus was
sterilized 12 h before use by pumping through a 5%
(v/v) solution of sodium hypochlorite. Two hours
before use the apparatus was rinsed through with
distilled water for 1 h and with M 199 for the remaining
time. Retention of radioactive steroids and pro-
staglandins by the perspex chambers and the
polyethylene tubing was found to be negligible.

In every experiment two blank chambers were set
up containing no tissue. Two control chambers
containing human luteal tissue were also set up and
these and the blank chambers were superfused with
M199 alone throughout the experiment. Two
experimental chambers containing human luteal tissue
were also set up. Initially these chambers were
superfused with M199 to allow collection of control
samples. Subsequently superfusion was continued with
M199 containing cloprostenol (1 ug/ml). After this
experimental period, which varied in duration and
frequency of sample collection for different
experiments, superfusion was again carried out with
M199 alone. The duration of sample collection was
the same for blank, control and experimental
chambers for any given experiment. Also in every

experiment a preliminary 90 min superfusion of blank,
control and experimental chambers was carried out
with M199 and the samples collected during this time
were discarded. A flow rate of 20 ml M199/h was
used in all experiments for all chambers. All samples
were stored at —20°C until extracted and assayed.

Analysis of samples

All samples were analysed for progesterone,
oestradiol-178, prostaglandin F,, and prostaglandin
E, by radioimmunoassay in each case. All samples
were checked for parallelism with the standard curve
in every assay and at least three aliquot volumes were
assayed in duplicate for every sample.

Tritiated steroid and prostaglandins (Radiochemical
Centre, Amersham) had the following specific
activities: [*HJ-progesterone 255 mCi/mg, [*H]-
oestradiol-178 344 mCi/mg, [*Hl-prostaglandin F,,
452 mCi/mg and [*H]-prostaglandin B, 288 mCi/mg.

Quality controls were made up in each case (at a
concentration of 5ng/ml) on the day of the
experiment, so that the quality control had been stored
for the same length of time as the experimental
samples.

The cross-reactivity of cloprostenol was checked in
all assays for progesterone, oestradiol-178, pro-
staglandin F,,, and prostaglandin E, and was in all
cases less than 0.001% at 50% binding of the
antibody. No displacement of the standard curves for
any of the above compounds was noted in the
presence of cloprostenol at a concentration of 1 ug/ml.

Progesterone assay. Samples were extracted and
assayed for progesterone by methods previously
described (Patek & Watson, 1976), within three weeks
of the experiment, where possible. Blanks gave
increasing values and quality controls gave variable
values if samples were stored for longer than eight
weeks. Where analysis was carried out within this
period the interassay coefficient of variation, calculated
from the quality controls was 6.2% the mean quality
control value being 4.72 ng/ml. The intraassay
coefficient of variation was 4.6%. Blank sample values
were always <5 pg progesterone/ml M199 and it was
not considered necessary therefore to adjust the values
obtained for control and experimental samples. All
samples showed parallelism with the progesterone
standard curve.

Oestradiol-178 assay. Sample aliquots of various
volumes were extracted twice with three volumes of
redistilled diethyl ether. Recovery of tritiated
oestradiol-178 using this extraction method was
86-88%. The dried extracts were assayed by
radioimmunoassay using a slight modification of the
method of Wu & Lundy (1971). Samples could not be
stored for longer than eight weeks without disruption
of blank and quality control values. Where analysis
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Figure 1 Day 18 corpus luteum. (a) Mean amounts of steroids and prostaglandins in consecutive samples of

superfusate from two control chambers containing tissue superfused with M199 /n vitro. (b) Mean amounts of
steroids and prostaglandins in consecutive samples of superfusate from two chambers containing tissue
superfused with M199 or cloprostenol in M199 (horizontal bar) in vitro.

was carried out within this time the interassay
coefficient of variation was 7.9%, the mean quality
control value being 5.53 ng/ml. The intra-assay
coefficient of variation was 5.5%. Blank sample values
were always between 30 and 50 pg oestradiol-178/ml
M199 and quality controls, control and experimental
samples were adjusted appropriately. All samples
showed parallelism to the oestradiol-178 standard
curve.

Prostaglandin F,, assay. Sample aliquots of various
volumes (20-200 ul) were acidified with equal
volumes of pH4.0 citrate buffer and extracted
twice with two volumes or redistilled diethyl ether.
Recovery of tritiated prostaglandin F,, with this
extraction method was greater than 95%. The dried
extracts were assayed by solid-phased radio-

immunoassay by methods previously described
(Dighe, Emslie, Henderson, Rutherford & Simon,
1975). Blanks and quality controls were found to store
well at —20°C in terms of prostaglandin F,, but all
samples were extracted and analysed as quickly as
possible, none the less. The interassay coefficient of
variation was 5.7%, the mean quality control value
being 4.81 ng/ml. The intraassay coefficient of
variation was 4.1%. Blank sample values were always
less than 1 pg prostaglandin F,,/ml M199 and were
therefore disregarded. All samples showed parallelism
with the prostaglandin F,, standard curve.

Prostaglandin E, assay. All sample aliquots were
extracted as soon as possible by the method described
for prostaglandin F,,. Recovery of tritiated pro-
staglandin E, by this extraction method was 95-98%.
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Figure 2 Day 21 corpus luteum. (a) Mean amounts of steroids and prostaglandins in consecutive samples of
superfusate from two control chambers containing tissue superfused with M199 in vitro. Samples were
collected at 20 min intervals for 80 min, 5 min intervals for the next 40 min and 45 min intervals thereafter. (b)
Mean amounts of steroids and prostaglandins in consecutive samples of superfusate from two chambers
containing tissue superfused with M199 or cloprostenol in M199 (horizontal bar) in vitro. Samples were
collected at 20 min intervals for 80 min, 5 min intervals for the next 40 min and 45 min intervals thereafter.

Prostaglandin E, was assayed as prostaglandin B,
equivalents, the conversion of prostaglandin E, to pro-
staglandin B, being carried out by the method of
Dozois & Thompson (1974). Efficiency of conversion
was found to average 86% + 4.6% (mean + s.e. mean).
Conversion was carried out no later than the day
following the experiment. Quality controls were
treated exactly as the samples. After conversion, pro-
staglandin B, was estimated by radioimmunoassay by
the method described for prostaglandin F,, by Patek
& Watson (1976) except that the antibody used had
been raised against prostaglandin B,-bovine serum
albumin. All converted quality controls and samples
showed parallelism with the prostaglandin B, standard
curve. The prostaglandin B, content of the quality
controls and samples without conversion was also
determined and was always less than 5 pg pro-
staglandin B,/ml M199. The interassay coefficient of
variation for quality controls after conversion was

8.2%, the mean quality control value being 4.22 ng/ml
the intraassay coefficient of variation for samples after
conversion was 7.6%.

Results

All results quoted are the mean values for samples
from two superfusion chambers each containing luteal
tissue and each maintained under the same regime.
The patterns of secretion of steroids and pro-
staglandins for human luteal tissue superfused in vitro
with M199 alone throughout the experiment are

' shown in Figures 1a, 2a and 3a for days 18, 21 and 25

of the menstrual cycle, respectively. Figures 1b, 2b
and 3b show the patterns of secretion of steroids and
prostaglandins for the same tissues, for days 18, 21
and 25 of the menstrual cycle respectively, when
superfused with cloprostenol (1 ug/ml) in M199.
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Figure 3 Day 25 corpus luteum. (a) Mean amounts of steroids and prostaglandins in consecutive samples of
superfusate from two control chambers containing tissue superfused with M199 in vitro. Samples were
collected at 20 min intervals for 80 min, 5 min intervals for the next 25 min and 45 min intervals thereafter. (b)
Mean amounts of steroids and prostaglandins in consecutive samples of superfusate from two chambers
containing tissue superfused with M199 or cloprostenol in M199 (horizontal bar) in vitro. Samples were
collected at 20 min intervals for 80 min, 5 min intervals for the next 25 min and 45 min intervals thereafter.

Tissues superfused with M 199 alone throughout the
experiment maintained secretion of progesterone,
oestradiol-178, prostaglandin F,, and prostaglandin
E, at an approximately constant level. The day 18
human luteal tissue was superfused in vitro for 21 h,
and even after this time the amounts of steroids and
prostaglandins being secreted were still 95—-98% of
that found for the early samples. The other tissues
were maintained only for 8 h and amounts of steroids
and prostaglandins in the last few samples were
equivalent to those in the early samples. It appears
therefore that the tissue was still viable after either 8 or
21 h superfusion with M199 in vitro.

Superfusion with cloprostenol (1 pg/ml) caused a
depression of progesterone secretion in every case, but
this did not persist. The greatest effect in terms of
duration of depression of progesterone secretion was
seen for the day 18 human luteal tissue sample. The
depression of progesterone secretion from this tissue
was followed by 4-fold increase of progesterone

secretion which persisted after superfusion with
cloprostenol had ceased. The other tissue samples did
not show such a marked increase in progesterone
secretions following the depression in secretion. The
day 25 luteal tissue sample showed the smallest overall
response to cloprostenol.

The pattern of oestradiol-178 secretion following
treatment with cloprostenol was similar for all tissues
being an initial depression followed by a large
potentiation. The greatest duration of depression of
oestradiol-178 secretion and subsequent potentiation
was seen for the day 18 luteal tissue sample. The day
25 luteal tissue sample gave the smallest response to
this treatment.

Superfusion with cloprostenol resulted in an
increase in endogenous prostaglandin F,, secretion,
following a short lag phase, in every case. The day 18
luteal tissue sample gave the smallest response in
relation to prostaglandin F,, secretion, the increase
being approximately 10-fold, while the other tissue
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samples (day 21 and day 25) showed a 15 to 20-fold
increase in endogenous prostaglandin F,, secretion.
The response of prostaglandin E, secretion to
superfusion with cloprostenol was more variable but in
every case an increase in secretion of endogenous pro-
staglandin E, was seen around the same time or just
after the increase in prostaglandin F,, secretion.
However, the increase in prostaglandin E, secretion
was not maintained, levels returning to control values
before cessation of superfusion with cloprostenol.

Discussion

Superfusion with cloprostenol (1 ug/ml) in vitro
resulted in a reduction in progesterone secretion for all
the human luteal tissue samples studied (days 18, 21
and 25 of the menstrual cycle). However the reduction
in progesterone secretion was not maintained, the
amounts of progesterone secreted returning to control
or even higher values while superfusion with
cloprostenol continued. Cloprostenol could not
therefore be considered to be luteolytic for human
luteal tissue in vitro at this dose (1 ug/ml) and under
the conditions used for these experiments. The speed
with which progesterone secretion was depressed
(within 5 min for day 21 and day 25 luteal samples)
could indicate an inhibition of release of progesterone.

A further, major, effect of the superfusion with
cloprostenol was the large increase in secretion of
endogenous prostaglandin F,,, which was seen in all
samples, occurring after a lag phase of
15-45 minutes. A similar stimulation of endogenous
prostaglandin F,, secretion following treatment with
cloprostenol has been observed in the sheep in vivo
(Challis, Forster, Furr, Robinson & Thorburn, 1976b)
but this followed a much longer lag phase
(27-39 hours). The increased prostaglandin F,,
secretion seen for the human luteal tissue could be the
result of progesterone withdrawal since inhibition of
prostaglandin F,, synthesis by progesterone has been
demonstrated for human endometrial tissue in vitro
(Cane & Villee, 1975). The appearance of endogenous
prostaglandin F,, in the uterine venous plasma of
pregnant goats has also been observed following a
decline in progesterone secretion resulting from
treatment with exogenous prostaglandin F,, in vivo
(Currie & Thorburn, 1973) although the lag phase to
increased endogenous prostaglandin F,, secretion was
again longer than observed in these experiments with
human luteal tissue. In the guinea-pig (Poyser, 1976)
and sheep (Barcikowski, Carlson, Wilson &
McCracken 1974) oestradiol will initiate secretion of
prostaglandin F,, into the utero-ovarian vein and in
woman intra-ovarian injections of oestradiol cause
premature menstruation (Hoffman, 1960) suggesting a
stimulation of luteolysis. However in these
experiments with human luteal tissue in vitro, secretion

of oestradiol-178 following cloprostenol treatment is
depressed in every case until after the increase in
secretion of endogenous prostaglandin F,,. It is hard
to interpret the significance of either the initial
depression or the subsequent stimulation of oestradiol-
178 secretion seen for all the tissue samples in
response to cloprostenol (1 ug/ml). Since the pattern
of response for progesterone and oestradiol-178 are so
similar it is tempting to consider that the changes in
these steroids may be connected with each other.
Although no direct comparison may be made between
the in vitro and the in vivo situation, the possible
effects of an increase in oestradiol-17f secretion at the
level seen here could be an important consideration in
relation to in vivo treatment with cloprostenol in
humans.

The significance of the increase in prostaglandin E,
secretion observed for all the human luteal tissue
samples in response to cloprostenol is not clear.

The control (superfusion with M199 alone) levels of
secretion of progesterone and oestradiol-178 agree
broadly with those observed by Challis et al. (1976a)
for static incubations. The levels of prostaglandins
observed here for the control samples are, however,
higher than those observed by Challis et al. (1976a).
The prostaglandin F,, levels were higher (100 ng g—!
h=! and 70 ng g~! h~?) than the prostaglandin E, levels
(30ng g~!' h~! and 15 ng g~! h™!) for the day 21 and
day 25 human luteal tissue samples, respectively. The
day 18 human luteal tissue sample, however, secreted
more prostaglandin E, (125ng g~! h™!) than pro-
staglandin F,, (16 ng g~! h~!). These results contrast
with those of Challis et al. (1976a) who found pro-
staglandin E, levels to be higher than prostaglandin
F,, levels in every case. However the conditions of our
experiments differ extensively from those of Challis ez
al. (1976a) since we were using slices rather than
homogenates and were also removing the secretory
products of the tissue immediately, thus preventing
any product-feedback which might otherwise occur. In
this respect superfusion more closely resembles the
physiological situation where many secretory products
are continuously removed by the blood. Challis et al.
(1976a) suggest that higher prostalandin levels may be
indicative of the onset of cell autolysis. However,the
maintenance of a constant pH (as gauged by medium
colour) and maintenance of reasonable levels of
steroid secretion throughout the experiments would
tend to discount this possibility. In further experiments
histological analysis of the tissue at the end of the
experiments will answer this question.

The large increase in the secretion of endogenous
prostaglandin F,, by the human luteal tissue in vitro
seen here in response to cloprostenol especially in day
21 and day 25 samples, indicates that the human
corpus luteum has a very large potential for the
secretion of prostaglandins. This observation supports
the hypothesis of an intra-ovarian physiological réle
for prostaglandin F,, in the human.
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The authors recognize the limitations resulting from
the small number of observations presented in this
study but believe that the similarity of response
obtained for each sample makes these observations
worthwhile. Further work is in progress relating to
cyclical variations in steroids and prostaglandins and
the effects of prostaglandins on steroid and pro-
staglandin secretion by human luteal tissue superfused
in vitro.

References

BARCIKOWSKI, B.,, CARLSON, J.C, WILSON, L. &
McCRACKEN, J.A. (1974). The effect of endogenous and
exogenous estradiol-178 on the release of prostaglandin
F,, from the ovine uterus. Endocrinology, 5, 1340—1349.

BEAVIS, E.L.G., BROWN, J.B. & SMITH, M.A. (1969).
Ovarian function after hysterectomy with conservation
of the ovaries in premenopausal women. J. Obstet.
Gynaec. Br. Commonw., 76, 969—-978.

BELING, C.G., MARCUS, S.L. & MARKHAM, S.M. (1970).
Functional activity of the corpus luteum following
hysterectomy. J. clin. Endocr. Metab., 30, 30-39.

BROWN, J.B., KELLAR, RJ. & MATTHEW, G.D. (1959).
Preliminary observations on urinary oestrogen excretion
in certain gynaecological disorders. J. Obstet. Gynaec.
Br. Commonw., 66,177-211.

CANE, EM. & VILLEE, C.A. (1975). The synthesis of
prostaglandin F by human endometrium in tissue
culture. Prostaglandins, 9, 281-288.

CHALLIS, J.R.G.,, CALDER, A.A. DILLEY, S., FORSTER,
C.S., HILLIER, K., HUNTER, D.J.S., MACKENZIE, 1L.Z. &
THORBURN, G.C. (1976a). Production of prostaglandins
E, and F, by corpora lutea, corpora albicantes and
stroma from the human ovary. J. Endocr., 68, 401—408.

CHALLIS, J.R.G., FORSTER, C.S., FURR, B.J.A., ROBINSON,
JS. & THORBURN, G.D. (1976b). Production of
prostaglandin F, in ewes following luteal regression
induced with a prostaglandin analogue, Estrumate
(Cloprostenol; 1.C.I. 80, 996). Prostaglandins, 11,
537-543.

CURRIE, W.B. & THORBURN, G.D. (1973). Induction of
premature parturition in goats by prostaglandin F,,
administered into the uterine vein. Prostaglandins, 4,
201-214.

DIGHE, K.K., EMSLIE, H.A.,, HENDERSON, L. K,
RUTHERFORD, F. & SIMON, L. (1975). The
development of antisera to prostaglandins B, and F,,
and their analysis using solid-phase and double antibody
methods. Br. J. Pharmac., 55, 505-514.

DOZOIS, R.R. & THOMPSON, C.J. (1974). Presence of
prostaglandins E, and A, in canine gastric secretions.
Life Sci., 15, 975-986.

DUKES, M., RUSSELL, W. & WALPOLE, A.L. (1974). Potent
luteolytic agents related to prostaglandin F,,. Nature,
Lond., 250, 330-331.

FRASER, LS., BAIRD, D.T., HOBSON, B.M., MICHIE, EA. &
HUNTER, W. (1973). Cyclical ovarian function in

28

The extensive technical assistance of Miss R. MacCormack
and Mrs J. Raeburn is gratefully acknowledged.

The authors thank the M.R.C. for financial support in the
form of project grants Nos. G975/511/C and G973/1005/B.
Oestradiol-178 antibody was kindly supplied by Dr B. V.
Caldwell, Yale University, U.S.A. Antibodies to pro-
staglandins F,, and B, were kindly supplied by Professor
E. W. Horton, Pharmacology Department, University of
Edinburgh. Authentic prostaglandins were kindly supplied
by the Upjohn Company, U.S.A. Reprint requests to J.W.

women with congenital absence of the uterus and vagina.
J. clin. Endocr. Metab., 36, 634—6317.

HOFFMAN, F. (1960). Untersuchungen uber die hormonale
Beeinflussung der Lebensdauer des Corpus Luteum in
Zyklus der Frau. Geburtshilfe und Frauenheilkunde, 20,
1153-1159.

JEWELEWICZ, R., CANTOR, B., DYRENFURTH, I,
WARREN, M.P. & VANDE WIELE, R.L. (1972).
Intravenous infusion of prostaglandin F,, in the mid-
luteal phase of the normal luman menstrual cycle.
Prostaglandins, 1,443—451.

KORDA, A.R,, SHUTT, D.A., SMITH, L.D., SHEARMAN, R.P.
& LYNEHAM, R.C. (1975). Assessment of a possible
luteolytic effect of intra-ovarian injection of pro-
staglandin F,, in the human. Prostaglandins, 9,
443-449.

McNATTY, K.P., HENDERSON, K.M. & SAWYERS, R.S.
(1975). Effects of prostaglandin F,, and E, on the
production of progesterone by human granulosa cells in
tissue culture. J. Endocr., 67, 231-240.

PATEK, C.E. & WATSON, J. (1976). Prostaglandins F and
progesterone secretion by porcine endometrium and
corpus luteum in vitro. Prostaglandins, 12,97-111.

POWELL, W.S., HAMMARSTROM, S., SAMUELSSON, B. &
SJOBERG, B. (1974). Prostaglandin F,, receptor in
human corpora lutea. Lancet, i, 1120.

POYSER, N.L. (1973). The physiology of prostaglandins. In
Reproductive Endocrinology and World Population,
Clinics in Endocrinology and Metabolism, Vol. 2. ed.
Loraine, J.A., pp. 393-410. London: Saunders Co. Ltd.

POYSER, N.L. (1976). Prostaglandin F,, is the uterine
luteolytic hormone in the guinea-pig: the evidence
reviewed. In Advances in Prostaglandin and Throm-
boxane Research, 2, pp. 633—643. ed. Samuelsson, B. &
Paoletti, R. New York: Raven Press.

RODWAY, R.G., DODSON, K.S., & WATSON, J. (1976).
Steroid secretion by isolated porcine ovarian cells during
superfusion. Europ. J. Obstet. Gynec. Reprod. Biol., 6,
201-208.

WU, C.S. & LUNDY, LE. (1971). Radioimmunoassay of
plasma oestrogens. Steroids, 18, 91-111.

(Received November 12, 1976.
Revised January 31, 1977.)



