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SUMMARY

The origin of the high levels of 5x-androstane-3a,178-diol and of 5a-androstane-38,178-diol found in peri-
pheral blood of immature female rats has been investigated. These steroids were quantitated as diacetates
by g.l.c. analysis on two different columns. After hydrolysis they were further identified by g.l.c. analysis
as free alcohols and TMSi ethers. Castration of rats at 19 days of age lowered the level of these steroids
to below 5 ng/ml blood, which was the lower sensitivity of the method used. The levels of 3x and 3f-
androstanediols in blood of intact and sham-operated animals at the age of 22 days were about 150 and
100 ng/ml blood, respectively. Injections of 3a-androstanediol to rats ovariectomized at the age of 19 days
resulted in the appearance of 38-androstanediol in peripheral blood at 22 days of age. These experiments
indicate the ovarian origin of 3a-androstanediol but can not exclude the ovarian origin of the 38 epimer.
The significance of identifying the ovarian origin of 3z-androstanediol in the participation of the ovaries

in induction of onset of puberty is discussed.

INTRODUCTION

The hormonal mechanisms involved in onset of
puberty are as yet not completely understood. It is
accepted that the gonads, reproductive tract, hypo-
physis and median eminence are capable of adult ac-
tivities prior to puberty and the initiation of puberty
awalits activation by appropriate stimuli (for review see
1. 2] In a previous study we have shown that until
the 25th day of age the female rat respond to systemic
administration of Sx-androstane-38,17f-diol (38-
androstanediol) by a precocious puberty: vaginal
opening, ovulation and cyclicity [3]. On days 22-26 of
age, high concentrations of Sx-androstane-3a,17f-diol
(3x-androstanediol) and of 3#-androstanediol are pres-
ent in peripheral blood of female rats [4], thus suggest-
ing that 3f-androstanediol participates in the stimu-
lation of the onset of puberty.

3p-Androstanediol is present in the circulation only
until the 26th day of life, while 3x-androstanediol is
present in peripheral blood up to the 34th day of life,
and disappears after onset of puberty [4]. Recently it
was shown that 3ax-androstanediol inhibits postcastra-
tional LH elevation in the immature as well as in the
postpubertal rat [ 5], suggesting that this steroid might
exert a negative feedback on gonadotrophin secretion.
Since both androstanediols seem to be involved in the

mechanism of onset of puberty, it was of interest to
determine their origin in the immature female rat.

MATERIALS AND METHODS
Materials

All solvents and reagents were of reagent grade: Pyr-
idine was refluxed over KOH pellets, redistilled, stored
in a dark bottle and kept in a desicator. Methanol, car-
bon disulfide, acetone, dichloromethane and ethyt ace-
tate were distilled through a 50 cm-long Vigreaux
column. [1,2-*H]-5x-androstane-38,17f8-diol (S.A. 1]
Ci/mmol) was purchased from NEN, Boston, Mass..
and purified on t..c. shortly before use. Sx-androstane-
3a,17B-diol and Sa-androstane-38,17f-diol were the
products of Ikapharm, Ramat Gan, Israel.

Animals

Female albino rats of the Hebrew University strain
(descendants of the Wistar strain) were obtained at the
age of 19 days, ovariectomized or sham-operated on
the same day. The rats were kept 5-6 per cage, in a
temperature-controlled room under a photoperiod of
14 h light: 10 h darkness, with free access to water and
to standard-pellet diet. The steroids were dissolved in
olive oil and administered subcutaneously in a vol. of
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0-2 ml: control rats received -2 ml of oil. Blood was
drawn by cardiac puncturc under light ether anesthesia
into a heparinized syringe.

Extraction of steroids

Blood was collected into 30 mi heparinized centri-
[uge-tubes. and an internal standard of 30,000 c.p.m. of
[*H]-3B-androstanediol in 0-1 ml of methanol was
added to each test-tube for a recovery estimate. The
samples were centrifuged, the plasma removed and the
cells resuspended and washed with an equal volume of
physiological saline. The plasma and the saline were
combined. concentrated HCI (1:10 v/v) was added and
the mixture left overnight at 4 C. This treatment leads
to the hydrolysis of the conjugated androstanediols
(mostly sulfates). The mixture was extracted 4 times
with equal volumes of dichioromethane: the organic
solvent was then washed with distilled water and eva-
porated. To the resulting lipid extract about 100 mg of
dry silica gel G (Merck)was added to remove a viscous
substance and traces of moisture and then extracted 3
times with 1 ml portions of methanol. The methanolic
extract was evaporated to dryness with a stream of dry
air in a conical centrifuge tube. The resulting lipid
extract served for determination of steroids.

Thin luyer chromatography (t.1.¢.)

Plates were coated with a layer of (:25 mm silica gel
G. The silica gel from the desired zones was scraped
off and eluted with methanol. Systems used in the pres-
ent study were: benzene-acetone, (4:1 v/v) (system no.
1) and n-hexane—ethyl acetate, (5:1 v/v) (system no. 2).

Gas—liguid chromatography (g.l.c.)

For determination of steroids a Packard gas chro-
matograph model 7905 was used in conjunction with
the hydrogen flame ionization detector model 809.
Methyl silicone, 3%, (S.E.-30) or 1%, OV-225 stationary
phases on Gas Chrome Q, 100-130 mesh were packed
in 2 m x 4 mm glass columns. Portions (1-5 ul) of the
extracts and standard steroids were dissolved in car-
bon disulfide and applied with a microsyringe into the
column. The column was eluted with nitrogen at a rate
of 40 ml/min, at a temperature of 240°C. The inlet
compartment was 265"C and the detector was main-
tained at 260"C. Quantitation of steroids by g.l.c. (as
diacetates) was carried out as described previously [6].
Radioactivity was measured with a TriCarb liquid scin-
tillation spectrometer, Packard model 3003, with auto-
matic standardization model 579. Samples for count-
ing were dissolved in 10 ml toluene containing 0-4°,
2,5-diphenyloxazole and 005°, 1,2-dif2-(4-methyl-5-
phenyloxazolyl)]-benzene.
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Determination of steroids

The steroids were located on the plates by spotting
the marker line with concentrated sulfuric acid. or by
exposing the plate to iodine vapors. Methods used for
acetylation, silvlization and hydrolysis of acetates were
described previously [4, 6].

RESULTS

Identification of 3x and 3p-androstanediol in peripheral
hlood

The steroids were identified in plasma samples
obtained from 10 to 20 rats. The steroid extracts were
acetylated overnight with 0-3 ml mixture of pyridine-
acetic anhydride, 2:1 (v/v). After evaporation of the
reagents, the residue was dissolved in methanol,
applied on t.l.c. plates and developed by system no. 2.
Since the two androstanediol-acetates are not separ-
ated by this system, the labeled 3f-androstanediol
served as standard of recovery for both steroids. The
marker, 3u + 3f-androstanediol-diacetates running
parallel, were located and the cluates opposite the
marker were dissolved in 0-1 ml of carbon disulfide. 5
1 of which was taken for g.l.c. analysis on both S.E.-30
and OV-225 columns. An additional aliquot was in-
jected into the OV-225 column equipped with a stream
splitter at a rate of approximately 1:9. The material
emerging from the column at the place of 3f-andros-
tanediol-diacetate was collected directly into a 30 cm-
long glass capillary tube which fitted snugly into the
splitter. The capillary tube was eluted with 10 ml scin-
tillation fluid into the counting vial and the radioacti-
vity counted for determination of recovery. The recov-
ery in all experiments described here was 42-86%,. The
rest of the diacetates were hydrolyzed, the resulting
alcohols applied on tlc. plates and developed with sys-
tem no. 1. The strip of silica gel opposite 3x and 3f-
androstanediols was cluted and a 1,20 aliquot taken
for glc. analysis on a OV-225 column. In most in-
stances only two prominent peaks were observed, hav-
ing relative retention times (Sx-cholestane = 1-00)
equal to the relative retention times of the authentic 3z
and 3f-androstanediols. From the rest of the extracts.
TMSi ethers were prepared and analyzed on a OV-225
column. Again. only two distinct peaks corresponding
to the standard TMSi ethers were detected. In some
cases the eluates of the 3f-androstanediol-TMSi ethers
were collected and the radioactivity counted. This was
regarded as an additional index of identity. The rela-
tive retention times of the different parent compounds
and their derivatives are presented in Table 1.



Onset of puberty

Table 1. Relative retention times of the two parent com-
pounds and their derivatives prepared for the identification
of 5x-androstane-3a-17f8-diol and its 38 epimer in peri-
pheral blood of immature female rats. 5a-cholestane = 1-00
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Table 3. Transformation of 3« to 3f-androstanediol in
extra-ovarian tissue of immature rats. Rats were ovariecto-
mized at the age of 19 days and injected subcutaneously
with 100 ug 3a-androstanediol on days 20 and 21 and with
50 ug the morning of day 22. Blood was drawn at noon of

S.E.-30 OV-225 day 22 and the levels of 3x and 3B-androstanediols
Derivative 3a 38 3a 3p determined
Free form 0-36 0-36 0-49 0-55 Experiment Blood used 3o 38
Diacetate 0-68 076 0-60 071 no. Treatment (ml) (ng/ml) (ng/ml)
TMSi ether 025 0-31 0-08 012
| Sham 10-5 133 80
OvX 220 <5 <5
Table 2. Effect of ovariectomy on the level of Sx-andros- OVX + 3« 215 630 95
tane-3a.178-diol and its 38 epimer in peripheral blood of 2 Sham 120 202 9'_
immature rats OVX 22:5 15 <>
OVX + 3u 230 123 18

Experiment Blood used 3a 38
no. Treatment (ml) (ng/ml) (ng/ml)

| Sham 96 152 114

OovX 192 <5 <5

2 Sham 10:0 105 97

(0)'0:4 223 <S5 <5

Effect of ovariectomy on the concentration of 3o and 3-
androstanediols

As seen in Table 2 ovariectomy results in the disap-
pearance of 3o and 3$-androstanediols from peripheral
blood of immature rats. The lower limit of sensitivity
of the method used for these steroids is about 10 ng,
therefore, lack of a measurable response was defined as
less than 5 ng/ml, when a pool of 20 ml of blood was
used for the extraction and a 1/20 aliquot of the extract
was injected into the column. Recovery was deter-
mined by collecting and counting the radioactivity in
the material eluted from the column at the place where
3f-androstanediol was supposed to emerge, even if no
peak was obtained. In intact rats and in sham operated
animals the levels of 3o and 3f-androstanediols were
about 150 and 100 ng/ml, respectively, which are
rather high levels when compared to either the unde-
tectable level of less than 10 pg/ml estradiol at the age
of 30-33 days [7], or to the level of 1-2 ng/ml testoster-
one determined radioimmunologically in prepubertal
male rats [8]. The concentrations of the androstane-
diols found here are in good agreement with those of
{00 ng/ml of 3a and of 3f-androstanediols reported
previously in blood of untreated rats of the same age

(4]

Administration of 3a-androstanediol to ovariectomized
inumature rats

In incubations of immature rat ovaries with labeled
pregnenolone, 3x-androstanediol was found to be the
major metabolite, whereas 3f-androstanediol could
not be detected ([9] and Lerner and Eckstein, (unpub-

3o = Sa-Androstane-3a,17f-diol;
3p,178-diol.

3B = Sa-androstane-

lished results)). This made the ovarian origin of 3f-
androstanediol questionable. It was of interest there-
fore, to check whether 3z-androstanediol that is pro-
duced and secreted by the ovary is epimerized peri-
pherally to 3f-androstanediol. For this purpose, rats
ovariectomized at 19 days of age were injected with
100 pg of 3x-androstanediol on days 20 and 21 of age
and with 50 pg on the morning of day 22. Blood was
collected at noon of day 22. At this dose level and at
that experimental schedule about 15% of the 3a-
androstanediol was found to be epimerized outside of
the ovary to 3f-androstanediol (see Table 3).

DISCUSSION

The identification of 3x and 38-androstanediols in
peripheral circulation of immature female rats was
based on two different tl.c. systems, two g.l.c. columns
for their diacetates and on g.l.c. analysis of the free
alcohols and their TMSi ethers. The androstanediols
were isolated and quantitated from the lipid extracts as
diacetates because by acetylation of the whole lipid
extract a better purification of these steroids was
achieved on tl.c, and because their molar response in
this form is larger than that of their free alcohols or
their TMSi ethers.

The in vitro production of 3a-androstanediol by
homogenates from immature rat ovaries is well estab-
lished [6, 9, 10]. On the other hand, 38-androstanediol
could not be detected in these incubations (Lerner and
Eckstein, unpublished results). It was shown in our
laboratory that incubation of 3xz-androstanediol with
ovarian homogenate of immature rats treated with
FSH resulted in the formation of 3f-androstanediol.
This reaction is catalyzed by an epimerization system
that is inducible specifically by FSH [6]. Recently it
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was shown that & very high concentration of estradiol-
174 {measured radioimmunologically) and a high level
of FSH are present in plasma of female rats unul the
2lst day of age [11, 12]. This together with the FSH-
induced epimerase system could explain the high level
of 3f-androstanediol found in blood of rats 2220 days
ol age.

Table 3 shows that only about {37 of the mnjected
3z-androstanediol is epimerized peripheratly 10 3p-
androstanediol. This cannot account for the endo-
genous ratios of 3273f of 09 to 2+ found to be present
at days 22 to 26 of age [4] Thus it scems that 3f-
androstanediol is produced by the ovary in addition to
the limited quantity produced by peripheral epimeriza-
tion of 3z-androstanediol. The present results together
with the in virro studies establish that 3z-androstanc-
diol is produced by immature rat ovaries. but there
remain reservations as for the ovarian origin of 3f-
androstanediol. Kinetic experiments including meta-
bolic clearance rate determination are needed to estab-
lish the reiations between the two androstanediols.

Maturation at the ovarian level has been reported
by Rubin er «f. [13], who observed a sharp rise in ovar-
tan delta-5-3f-hydroxysteroid dehydrogenase activity
atabout the time of the first ovulation. From the prox-
imity of this change to the first ovulation it is obvious
that it does not necessarily initiate onset of puberty. By
establishing he ovarian origin of 3z-undrostanediol,
an carly maturational change in ovarian steroido-
genesis has been documented. This finding justifies the

assumption that ovaries participate in the initiation of

the onset of puberty, an assumption which is in con-
trast with carlier observations that had excluded the
ovaries as the orgun responsible for the normal onset
of puberty [ 14, 15].
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