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SUMMARY

Three steroids have been found to be present in extracts of bovine adrenals as non-polar lipoidal
derivatives. The three steroids are: 3f-hydroxy-5S-pregnen-20-one, 3f,17a-dihydroxy-5-pregnen-20-one
and 3f-hydroxy-5-androsten-17-one. The exact nature of the lipoidal derivatives are as yet unknown but
they are less polar than the free compounds and they are converted to the above mentioned steroids by
treatment with alkali. Chromatographic analysis on florisil of the non-polar extract containing the
lipoidal derivatives resuited in the detection of at least 3 different classes of lipoidal derivatives of
38-hydroxy-5-pregnen-20-one. Only one of these classes, the most polar, co-chromatographs with that
class biosynthesized in vitro from radioactive 3f-hydroxy-5-pregnen-20-one.

INTRODUCTION

In a previous paper [1] evidence was presented that
indicated that pregnenolone occurs in bovine adrenal
tissue in three forms: as the free steroid, as its sulfate
and as a previously unrecognized non-polar deriva-
tive. Because this latter derivative is much less polar
than the parent steroid, it was dubbed the lipoidal
derivative of pregnenolone. Treatment with alkali or
acid liberates the free steroid from the nonpolar form.
In a later presentation [2], we reported that incuba-
tion of [*H]-pregnenolone with a homogenate of cor-
" tical tissue from bovine adrenals or of rat adrenals
results in the conversion of the substrate into a more
nonpolar form which resembles the isolated endo-
genous lipoidal derivative. Chromatographic analysis
of the biosynthetically prepared material resolved it
into at least two components, each less polar than
pregnenolone and each convertible into pregnenolone
by alkali. When [*H]-dehydroisoandrosterone was
incubated with similar preparations of adrenals, it,
too, was converted into two lipoidal derivatives.
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This paper describes our continuing efforts in this
area. Elaborate isolation procedures, particularly
chromatographic techniques, have resulted in the
detection in adrenal extracts of lipoidal derivatives of
two other steroids, 17-hydroxypregnenolone and
dehydroisoandrosterone. The identity of both steroids
was established by their chromatographic behavior
and by a precise double isotope technique. Dehydro-
isoandrosterone was also identified by its mass spec-
trum. While an acceptable mass spectrum was not
obtained for 17-hydroxypregnenolone, the data from
the analysis made by the double isotope technique
from two independent experiments were excellent and
clearly established the presence of this steroid as a
lipoidal derivative in adrenal tissue.

In addition, chromatographic analysis of extracts of
bovine adrenals revealed that at least three different
lipoidal derivatives of pregnenolone occur in this tis-
sue. These differ from each other in chromatographic
properties but are alike in that each is less polar than
the parent steroid and each is converted into preg-
nenolone by treatment with alkali.

EXPERIMENTAL

Radioactive tracers were purchased from New Eng-
land Nuclear Corp. [7a->H]-pregnenolone, [7x->H]-
dehydroisoandrosterone  and [7a-3H]-17-hydroxy-
pregnenolone were purified before use by celite par-
tition chromatography as described by Siiteri[3].
High pressure liquid chromatography was carried out
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on a Waters ALC-100 liquid chromatograph (Waters
Associates, New Milford, MA). Radioactive samples
were counted in Packard liquid scintillation spec-
trometers Models 3255 and 3375. The efficiency of
counting for H was 51%; and for '*C, 88%. When *H
and '*C were counted together, the efficiency for *H
was 42%, with negligible overlap into the '*C channel
For '*C, the efficiency was 65%, with a 15% overlap
into the *H channel. Corrections were made accord-
ing to the method of Okita er al.[4]. The tritium con-
tent of every radioactive sample was at least 10, and
sometimes as much as 30 times the background
count. Gas chromatography-mass spectrometery
(GC-MS) was performed on a Perkin Elmer 3920 gas
chromatograph interfaced with a DuPont 21-492B
mass spectrometer equipped with a Hewlett Pack-
ard 21-094 data acquisition system. Slylon BTZ (a
mixture of N,0-bis (trimethysilyl) acetamide, tri-meth-
ylchlorosilane and trimethylsilylimidazole in 3:2:3,
V/V ratio) used for the silylation of steroids was pur-
chased from Supelco, Inc., Bellefonte, PA.

An outline of the procedures used for the extraction
and isolation of the free and lipoidal fractions are
shown in Fig. 1. Bovine adrenals glands, 210 g, were
brought to the laboratory from the slaughterhouse on
ice. As soon as possible, each gland was defatted,
demedullated and frozen. When the complete batch
was processed, the frozen sample was immersed in
700 ml of methanol. After the tissue thawed, 350 ml of
chloroform and 200 ml of water were added and the
mixture was thoroughly homogenized in a Waring
blender. The homogenate was filtered through a
Buchner funnel. The solids were resuspended in 1 1. of
a methanol-chloroform (1:1, V/V) mixture and the
suspension stirred mechanically for 3 h. The insoluble
material was again separated by filtration after which
it was resuspended in 700 ml of a methanol-chloro-
form (1:1, V/V) mixture. After the suspension was
stirred overnight, the solids were collected by filtration
and were then again mascerated in 350 m! of chloro-
form. After filtration the precipitate was discarded.
The filtrates from all of the above were combined and
600 m! of water was added. The resulting mixture was
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Fig. 1. Outline of the procedures used to isolate lipoidal

derivatives of steroids. Extract Il was processed in a man-

ner similar to that used for the “liberated steroids”. Analy-

sis was carried out by (a) mass spectrometry and (b) double
isotope technique.

vigorously shaken in a separatory funnel. When
the two phases had separated, the bottom, organic
layer was removed and evaporated to dryness, leaving
a waxy residue weighing 13.5g (Extract I). The
aqueous fraction was discarded. The following inter-
nal standards were added: [>H]-pregnenolone,
1.86 x 10%c.p.m,; [3H]-17-hydroxypregnenolone,
1.8 x 10°cp.m.; and [3H]-dehydroisoandrosterone,
1.63 x 10° c.p.m. In order to separate the non-polar,
lipoidal steroids from the free unconjugated steroids
and from the polar conjugates (sulfates), the residue
was partitioned between 11. of isooctane and 11. of a
mixture of methanol-water (9:1, V/V). The aqueous
methanol extract, Extract 11, contained virtually all
the radioactivity, 5.3 x 10° c.p.m. whereas the iso-
octane extract, Extract I, was practically devoid of
radioactivity.

Lipoidal derivatives. The isooctane fraction was
evaporated to dryness, leaving a waxy residue weigh-
ing 10g. This non-polar material was partitioned
by chromatography on a 500g celite column
(60 x 750 mm) in System | (Table 1). In this system,
pregnenolone is eluted in the 5th and 6th holdback

Table 1. Chromatographic systems

Celite

. Isooctane-Methanol-H,0 (10:9:1, by vol.)

N B W~

. Methanol-n-Propanol-H,O-Toluene-Isooctane (4:0.75:2:2:2, by vol.)
. Benzene-Isooctane-Methanol-H,O (7:13:7:3, by vol)

. Methanol-n—Propanol-H,O-Toluene-Isooctane (4:0.5:2:2:2, by vol.)
. Benzene-Isooctane-Methanol-H,O (1:4:2:0.5, by vol.)

. Benzene-Isooctane-Methanol-H,O (4:6:3.5:1.5, by vol.)

LH-20 Sephadex

L-1. Isooctane—Methanol-Chloroform (6:1:1, by vol.)
L-2. Isooctane-Benzene-Methanol-¢-Butanol (9:9:1:1, by vol.)
L-3. Isooctane-Benzene-Ethylacetate—-Methanol-t-Butanol (4:4:0.5:1:0.5, by vol.)

C,g-Corasil (high pressure liquid chromatography)

C-1. Acetonitrile-H, O (45:55, V/V)
C-2. Acetonitrile-H,O (30:70, V/V)
C-3. Acetonitrile-H,0 (27:73, V/V)
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volumes. This is well after the elution volume for the
non-polar materials which are eluted in the first three
holdback volumes. The early fractions were combined
and further purified by chromatography on 100g of
celite in the reverse phase System 2. In this system,
free steroids are eluted at the beginning of the chro-
matogram, therefore the first two holdback volumes
were discarded. The column was washed with benzene
to elute compounds less polar than the free steroids.
This eluate was found to be devoid of radioactivity.
For a second time, internal standards of 1 x
10°c.p.m. of [*H]-pregnenolone, 9 x 10° c.p.m. of
[*H]-17-hydroxypregnenolone and 9 x 10° cp.m. of
{3H]-dehydroisoandrosterone were added. The resi-
due was dissolved in 40 m! of benzene and 200 mi of
ethanol containing 4g of KOH were added. The
solution was kept at room temperature for 24 h, after
which 100 ml of water and enough 6 N acetic acid to
bring the mixture to neutrality were added. The eth-
anol was removed under vacuum and the aqueous
residue, approximately 80 ml, was diluted with 720 ml
of methanol. The suspension was extracted with
800 ml of isooctane. The isooctane extract was back
extracted with 800 ml of a methanol-water (9:1, V/V)
mixture. The isooctane extracts were discarded. The
combined aqueous methanolic extracts, which con-
tained the steroids liberated from the lipoidal deriva-
tives, were evaporated to dryness in vacuo. The resi-
due, weighing 4 g and containing 2.8 x 10°c.p.m. of
[®H], was suspended in 200 ml of CH,Cl,. A portion
remained insoluble and it was removed by filtration.
It weighed 2 g, contained no radioactivity and was
discarded. The CH,Cl, extract was chromatographed
on a silica gel column (Silic AR-Mallinckrodt)
(48 x 310 mm) using the following eluents: 31 of
CH,Cl,; 1.51. of CH,Cl; containing 1% ethanol and
3 1. of CH,Cl,; containing 3%, ethanol. All the radioac-
tivity was found in those fractions eluted with the last
solvent mixture. These fractions were combined and
evaporated to dryness. The residue weighed 43 mg
and contained 2.6 x 10° c.p.m. of [*H]. It was further
purified by chromatography on a 150 g celite column
in System 3. From this process, three fractions were
obtained: in hbv 1, pregnenolone, 8 x 10 c.p.m.; in
hbv 2, dehydroisoandrosterone, 7 x 10°c.p.m., and
hbv 5,17-hydroxypregnenolone, 7 x 10° c.p.m.

Each of the three fractions was acetylated by treat-
ment with 0.5 ml of acetic anhydride and 1 ml of pyri-
dine at room temperature overnight. To each reaction
mixture was added, 0.5ml of H,O and 50ml of
toluene. The solvents were evaporated in vacuo (to
remove the excess reagents) and then 80ml of iso-
octane was added. Evaporation of this solvent
removed the last traces of the reagents; a dry, odor-
less residue remained. The resulting steroidal acetates
were chromatographed on 30 g celite columns. Preg-
nenolone acetate was isolated using reverse phase
System 2 where it is eluted in the 2nd—4th hbv; dehy-
droisoandrosterone acetate was obtained using reverse
phase System 4 where it is eluted in the 3rd-4th hbv
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and 17-hydroxypregnenolone acetate was obtained
using System 1 where it is eluted in the 3rd-4th hbv.
The fractions containing the radioactive acetates were
combined and evaporated to dryness. The amount of
3H in each was: pregnenolone acetate, 5 x 10° cp.m.;
dehydroisoandrosterone acetate, 6 x 10° c.p.m.; and
17-hydroxypregnenolone, 5 x 10° c.p.m.

Each sample was saponified at room temperature
overnight with 40 m! of methanol containing 10 ml of
a saturated aqueous solution of Na,CO;. The next
day the alkaline solutions were neutralized with acetic
acid and then extracted with 500 m! of ether. The
organic extracts were washed with water until neutral
and dried over Na,SO,. After evaporation of the
ether, the pregnenolone fraction was purified by
chromatography, first on celite in System 1, then on a
LLH-20 Sephadex column (24 x 380 mm) with System
L-1 where it is eluted in the 15-19th fractions (10 ml
fractions were collected). Finally, it was chromato-
graphed on a high pressure liquid chromatograph on
a Cg-Corasil micro column in System C-1 at a flow
rate of 1 ml/min. In this system pregnenolone is eluted
in 9-11 ml. Those fractions containing [*H]-preg-
nenolone were combined and evaporated to dryness
leaving a residue having 2 x 10°c.p.m. of tritium
(20%; recovery) (Sample Ia).

The radioactive dehydroisoandrosterone fraction,
after saponification, was chromatographed on a 60 g
celite column in System 5 where dehydroisoandro-
sterone is eluted in the 3rd—4th hbv. The fractions.
containing the tritiated tracer were combined, the sol-
vents removed and the residue rechromatographed on
a column of Sephadex LH-20 (24 x 380 mm) in Sys-
tem L-2 where dehydroisoandrosterone is eluted in
the 12-16th fraction (10 ml fractions were coliected).
The material in these fractions was chromatographed
on a high pressure liquid chromatograph on
C,g-Corasil in System C-2 at | ml/min. In this system
dehydroisoandrosterone is eluted in 13-16 ml. Evap-
oration of those fractions containing the radioactive
material provided a residue having 3.9 x 10° c.p.m. of
tritium (439 recovery) (Sample Ib).

The 17-hydroxypregnenolone sample, after saponi-
fication, was chromatographed first on celite in Sys-
tem 6 where the steroid is eluted in the 4th hbv, then on
an LH-20 Sephadex column (24 x 380 mm) in System
L-3 where it is eluted in the 18-24th fraction (10 ml
fractions were collected) and finally on a high pres-
sure liquid chromatograph on C,g-Corasil in System
C-3 at | ml/min. Under these conditions, 17-hydroxy-
pregnenolone is eluted in 17-21 ml. The residue from
these fractions contained 3.2 x 10°cp.m. of [*H]
(35.6%, recovery) (Sample Ic).

Free steroids. The methanol-H,O (9:1, V/V)
extract from the adrenal gland, Extract 11, containing
5.3 x 10®° c.p.m. of the tritium-labeled internal stan-
dards, was evaporated to dryness under vacuum leav-
ing a residue weighing 4 g. This was dissolved in 30 m!
of CH,Cl, and the solution applied to a silica gel
column (42 x 320 mm) prepared in the same solvent.
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The column was developed with 1.51. of each of the
following solvent mixtures: CH,Cl,, CH,Cl,—ethanol
99:1, V/V), CH,Cly,—ethanol (97:3, V/V) and
CH,Cl,~ethanol (96:4, V/V). Then the concentration
of ethanol was increased to 209 and finally the
column was washed with pure ethanol. All the eluted
radioactivity, 3.8 x 10° c¢.p.m., was found in the frac-
tions obtained with CH,Cl, containing 3%, and 4%
ethanol. The fractions containing the radioactive
tracers were combined, evaporated to dryness and the
residue acetylated in pyridine and acetic anhydride as
before. The next day the reaction mixture was worked
up as described above. The acetylated residue was
chromatographed on a 150 g celite column in reverse
phase system 4 where 17-hydroxypregnenolone acet-
ate emerges with the solvent front, dehydroisoandros-
terone acetate is eluted in the 2nd—4th hbv and preg-
nenolone acetate is found in the 5-7th hbv. The frac-
tions containing the radioactive steroidal acetates
were combined appropriately and each sample was
saponified in 50ml of 2% ethanolic KOH. After
standing overnight at room temperature, each alka-
line solution was neutralized with 6 N acetic acid and
diluted with 10 volumes of water. The aqueous sus-
pensions were each extracted twice with 1 1. portions
of ether. The ether extracts were washed with H,O
until neutral, dried over Na,SO, and evaporated to
dryness. The three residues were then purified exactly
as described above for the steroids obtained from the
lipoidal fraction: chromatography on celite; then on
LH-20 and finally by high pressure liquid chroma-
tography on C,g-Corasil. The tritium recovered as
pregnenolone was 8.5 x 10°c.p.m. (46% recovery),
(Sample Ila), as dehydroisoandrosterone, 3.9 x 10°
(249, recovery), (Sample IIb), and as 17-hydroxypreg-
nenolone, 8.5 x 10°c.p.m. (47% recovery), (Sample
IIc).

Mass spectral analysis. Aliquots of each of the ster-
oidal samples, Ia, Ib, Ic, IIa, IIb and IIc were worked
up as follows: Each was transferred to a small
conical glass tube (0.7 x 3.0cm), the solvent was
removed under a stream of nitrogen at 40° and 3 ul of
silylating reagent (pyridine: Sylon BTZ, 3:1, V/V) was
added to the dried residue. The small conical tube
was immediately enclosed in a vial (1.4 x 4.5cm)
equipped with a Teflon-lined screw cap and contain-
ing S0 ul of the silylating reagent mixture. After heat-
ing for 20 min at 80°C, the entire sample was removed
from the conical tube and injected into the gas chro-
matograph interfaced with the mass spectrometer.
The effluent line of the gas chromatograph was con-
nected to a splitter with permitted one third of the
sample to go to a flame ionization detector and two
thirds to the source of the mass spectrometer. The all
glass chromatograph system consisted of a 6ft.
column packed with 3%, SP-2100 on 100/120 Supelco-
port (Supelco, Bellefonte, PA), a flash injector and a
heated glass line leading to the mass spectrometer
through a jet separator. The carrier gas was helium
flowing at 35 ml/min. Temperature conditions were as
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follows: Injector, 260°C; column, isothermal at 220°C
for TMS derivatives of pregnenolone or de-
hydroisoandrosterone and isothermal at 240°C for the
bis-TMS derivative of 17-hydroxypregnenolone;
detector, 290°C; GC line and jet separator, 220°C,
and MS source temperature, 210°C. The electron ion-
ization voltage was 75 eV. Under these conditions, the
authentic substances, the TMS derivative of dehydro-
isoandrosterone, the TMS derivative of pregnenolone
and the bis-TMS derivative of 17-hydroxypregneno-
lone, gave retention times of 20.6, 34 and 23 min, re-
spectively.

The TMS derivative of Fraction la emerged from
the GC at 34 min. Its mass spectrum was identical to
that of the authentic TMS derivative of pregnenolone.
The major ion fragments displayed in this spectrum
were mfe 388 (13%, M*), m/e 373 (4%, M-15), m/e 298
(22%, M-90), m/e 283 (11%, M-(90 + 15)), m/e 259
(15%, M-129), m/e255 (4%, M-(90 + 43)), m/e 241
(14%, M-(90 + 57)), m/e 129 (90%, A-ring fragment)
and m/e 43 (1009, base peak).

The TMS derivative of Fraction 1b emerged from
the GC at a retention time of 20.6 min. Its mass spec-
trum was identical to that of the authentic TMS de-
rivative of dehydroisoandrosterone. The spectrum dis-
played major ions at: m/e360 (13%, M™), m/e 345
(2%, M-15), m/e304 (20%, M-56), m/e 270 (10%,
M-90), m/e255 (4%, M-90 + 15)), m/e 231 (16%,
M-129) and m/e 129 (100%,. base peak).

The TMS derivative of Fraction Ic was subjected to
GC-MS analysis. No material emerged from the
chromatogram at the time characteristic for the
17-hydroxypregnenolone derivative nor was the mass
spectrum of the suspected compound obtained. The
number of ions detected was so small that it seems
likely that the sample size was inadequate for the
analysis.

The TMS derivatives of Fractions Ila, IIb and Ilc
were also subjected to GC-MS analysis. The reten-
tion times and the mass spectra confirmed the identity
of Tla as pregnenolone, IIb as dehydroisoandroster-
one and Ilc as 17-hydroxypregnenolone.

Quantification with [*CJ-acetic anhydride. Aliquots
of each of the steroidal samples, Ia, Ib, Ic, IIa, ITb and
IIc, were acetylated with [1-!*C]-acetic anhydride
(specific activity 1 mCi/10.2mg) as previously de-
scribed [1]. In addition, a standard consisting of
[*H]-pregnenolone of known specific activity was
also acetylated with an aliquot of the same batch of
[1-!'*C]-acetic anhydride in order to confirm its
specific activity. The reaction mixtures were kept at
room temperature for 48 h and then each was dis-
solved in 100 ml of ether. The ether solutions were
washed four times with 50 ml of 1| N NaOH and then
with H,O until neutral. The ethereal extracts were
dried over sodium sulfate and evaporated to dryness.
Each residue was purified by chromatography on
celite: pregnenolone acetate in System 2; 17-hydroxy-
pregnenolone acetate in System 1; and dehydroisoan-
drosterone acetate in System 2. Those fractions of the
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Table 2. Crystallization data (*H/!*C ratios) on steroids isolated from bovine adrenals
Steroids X, ML, X, ML, Xs ML, Xa ML, Xs ML,
As Lipoidal derivatives
Pregnenolone (Ia) 1.05 0.86 1.07 091 1.08 1.09 1.08 1.09
Dehydroisoandrosterone (Ib) 14.1 3.35 16.3 10.0 16.1 14.2 16.5 16.3 16.4 15.0
17-Hydroxypregnenolone (1c) 18.0 0.44 374 12.1 41.3 17.6 420 347 41 430
As Free steroids
Pregnenolone (I1a) 085 083 0.87 0.97 0.82 0.87 0.83 0.84
Dehydroisoandrosterone (IIb) 12.5 3.13 1.1 6.8 11.3 10.1 11.0 120
17-Hydroxypregnenolone (Ilc) 543 279 6.5 4.0 7.0 5.2 70 6.7

X, is the crystalline product obtained from the n'* crystallization. ML, is the residue remaining on the mother liquor
from the n™ crystallization. The following solvents were used for the crystallizations. X;, methanol; X,, acetone-hexane
(for 17-hydroxypregnenolone acetate, chloroform-hexane was used); X3, ethyl acetate—petroleum ether; X,, chloroform—

hexane; X, ethanol-hexane.

chromatogram containing the tritiated steroidal acet-
ates were appropriately combined and the solvents
removed by distillation. To each sample, 80 to 100 mg
of the appropriate carrier steroidal acetate was added.
The samples were then recrystallized four or five
times, each time from a different solvent, (legend to
Table 2), and the specific activities with respect to *H
and '%C as well as the 3H/'*C ratios were determined
for both the crystalline products and for the residues
in each mother liquor. The steroids from both the free
and lipoidal fractions were all recrystallized to con-
stant 3H/'4C ratios (Table 2). In this way the occur-
rence of the three steroids in both fractions, as free
and as lipoidal derivatives, was established.

From the 3H/'*C ratios, corrected for the amount
of tritiated internal standard added, and the specific
activity of the '#C-acetic anhydride, it was possible to
calculate the amount of each steroid originally pre-
sent in the adrenal gland [1]. The data in Table 3
show the results of these estimations.

Detection of several lipoidal derivatives of pregneno-
lone. Intact frozen bovine adrenal glands (433 g) were
dried by lyophilization. The dessicated glands (133 g)
were homogenized with 1.5 1. of isooctane in a War-
ing blender. The resulting homogenate was then
mechanically stirred for 24h. The solids were
removed by filtration and discarded. The filtrate was
evaporated under vacuum yielding 52 g of a yellow oil
which solidified at room temperature. To this fraction
was added 22,500 c.p.m. of a tritium-labeled tracer of
a lipoidal derivative of pregnenolone, which had been
prepared by incubating [*H]-pregnenolone with a
homogenate of 200 mg of cortical tissue from bovine
adrenal glands {2]. The tritiated lipoidal derivative
was separated from the substrate and other steroids
by chromatography on silica gel. It was eluted from
the column by a 4:1, V/V mixture of benzene-isooc-

tane. The lipoidal derivative prepared biosynthetically
has characteristics similar to those of the endogenous
derivative in that it is less polar than pregnenolone (as
indicated by its solvent distribution and chromato-
graphic properties) and is converted into pregneno-
lone by alkali treatment.

The adrenal extract, 52 g, now labeled with a tri-
tium-labeled lipoidal derivative of pregnenolone, was
chromatographed on a 600 g column (5.4 x 48 cm) of
Florisil (60-100 mesh). The column was developed
first with pure isooctane and then with increasing
amounts of benzene in isooctane. This was followed
by pure benzene and then by mixtures of ethyl acetate
and benzene. The sequence of elution is shown in Fig.
2. Each fraction was checked for radioactivity. The
labeled biosynthetic lipoidal derivative of [*H]-preg-
nenolone was found in Fraction 8B which was eluted
with a mixture of ethyl acetate in benzene (2:98, V/V).
Cholesterol was detected by thin layer chromato-
graphic analysis in Fractions 6A, 6B and 7A. Those
fractions were eluted with benzene-isooctane (4:1,
V/V) and pure benzene.

Each fraction of the chromatogram was also ana-
lyzed by radioimmunoassay for both free pregneno-
lone and its lipoidal derivative. To a 1% aliquot of
each fraction was added 200 c.p.m. of [*H]-pregneno-
lone. Each fraction was then chromatographed on a
silica gel (Woelm) column (8 x 100 mm) prepared in
benzene. The column was eluted first with 50 ml of
benzene and then with 50 ml of benzene containing
20% ethyl acetate. The benzene eluent contained the
lipoidal derivatives. The mixture of benzene and ethyl
acetate eluted the labeled free pregnenolone.

An internal standard of 200 c.p.m. of [3H]-preg-
nenolone was added to the benzene eluates. These
were then evaporated to dryness and each residue was
dissolved in 1 ml of benzene, 1.6 ml of methanol and

Table 3. Steroidal content (ug/kg) of bovine adrenals

As free steroid As lipoidal derivatives Lipoidal/Free
Pregnenolone 624 275 041
Dehydroisoandrosterone 42 14 033
17-Hydroxypregnenolone 68 7 0.10
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Fig. 2. Profile of chromatographic analysis of adrenal
extract on florisil. Pregnenolone (after hydrolysis of lipoi-
dal derivatives) was estimated by radioimmunoassay. The
solvents used were: isooctane (i), benzene (b) and ethyl
acetate (¢). The following code indicates, in order: the frac-
tion number, the eluting solvent or solvent mixture, the
volume of eluent and the weight of the eluted material.

1—i. 31, 5.58; 2A—i:b (8:2), 31, 124 g; 2B—i:b (8:2),
31,44g;3A—i:b (6:4),31,54g;3B—i:b(6:4),3L,3.1g;
4A—i:b (5:5), 31, 49g; 4B—i:b (5:5), 31, 3g; SA—i:b
(4:6), 31, 1.6g; 5B—i:b (4:6), 31, 2.2g; 6A—i:b (2:8),
251, 1.2g; 6B—i:b (2;8), 251, 1.3g; 7A—b, 251, 1g;
T7B—b, 251, 0.2g; 8A—b:e (98:2), 1.51, 0.2g; 8B—b:e
(98:2), 21, 1.3g; 8C—b:e (98:2), 11, 0.6g; 9—b:e (95:5),
21,0.7g; 10—b:e (9:1), 21,01 g; 11—b:e(8:2), 21, 0.1 g;
12—b:e (6:4), 21,0.1g; 13—, 21, 0.1 g.

The tracing at the bottom of the figure indicates the
elution pattern of a lipoidal derivative of tritiated preg-
nenolone prepared biosynthetically. The units on the

ordinate are c.p.m. of tritium x 1072 per fraction.

0.4 ml aqueous 1 N NaOH. The solutions were heated
at 90° for 1h, then cooled and neutralized with 5N
HCL The organic solvents were stripped, 1 ml of
water was added to each residue and the resulting
suspensions extracted with 10 ml of ether. The ether
extracts were washed three times with 5 ml of water,
dried over Na,SO, and evaporated to dryness. The
residues were chromatographed on silica gel columns
as described above. The sample of pregnenolone liber-
ated from its lipoidal derivative by the alkali treat-
ment as well as that added as a [*H]-marker was
eluted in the benzene:ethyl acetate (4:1, V/V) fraction.
Radioactivity present in aliquots of appropriate frac-
tions were used to estimate procedural losses. Ali-
quots of the remainder of each fraction was then ana-
lyzed quantitatively for pregnenolone by radio-
immunoassay. The antibody employed was preprred
in rabbits using pregnenolone succinate conjugated to
bovine serum albumin as hapten. The RIA technique
was essentially the same as that described by Nishina
et al[5]. With this assay, 200-300 pg can be easily
measured. The results are shown in Fig. 2. If present,
in these non polar extracts, free pregnenolone would
have been found in fractions 11-13 of the chromato-
gram. Assay by RIA showed that at least four differ-
ent areas of the chromatogram contained lipoidal de-
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rivatives of pregnenolone, Fractions 1-2B, 4B, 6B-7A
and 8B. Only one of these areas, 8B, also contained
the biosynthetically prepared [*H]-labeled lipoidal
derivative of pregnenolone.

In order to validate the results of the radio-
immunoassay, appropriate fractions of the chromato-
gram were combined (see legend to Fig. 3) and an
aliquot of each was analyzed for pregnenolone (after
alkali treatment) by the double isotope dilution assay
using [!*CJ-acetic anhydride to prepare doubly
labeled pregnenolone acetate. Each fraction (I-XI,
Fig. 3) was evaporated, and dissolved in 1. of isooc-
tane. The solutions were extracted twice with equal
volumes of aqueous methanol (1:9, V/V). The extrac-
tions were carried out in order to ensure the removal
of any free pregnenolone. The aqueous methanol
extracts were discarded. The isooctane solutions were
evaporated to dryness under vacuum. Each of the
residues were dissolved in 40 ml of methanol contain-
ing 2.8 x 10° c.p.m. of [*H]-pregnenolone. To release
pregnenolone from its lipoidal derivatives, 10 ml of
I N NaOH was added and each solution was boiled
for 1 h. After neutralization with acetic acid, the sol-
vents were evaporated. The residues were dissolved in
200 ml of a methanol-H,O (9:1, V/V) mixture. Each
solution was extracted twice with equal volumes of
isooctane. The hydrocarbon extracts were discarded
and each aqueous methanol extract was evaporated
to dryness. The resulting residues were purified first
by chromatography on celite in System 1 and then by
high pressure liquid chromatography in System C-1.
Those fractions of the last chromatogram containing
[*H]-pregnenolone were acetylated with [!*CJ-acetic
anhydride as described above. The resulting acetates
were chromatographed on celite in System 2. Those
areas of the chromatogram containing [*H]-preg-
nenolone acetate were combined and evaporated to
dryness. To each was added about 50 mg of authentic
carrier pregnenolone acetate. The mixtures were re-
crystallized four times and the *H/'*C ratios deter-
mined for each of the crystalline products and the
residues in the mother liquors. The results are given
in Table 4. Except for fraction V all the other fractions
had a constant (*H/'*C) ratio providing proof for the
presence of pregnenolone. Although radioimmunoas-
say had detected the lipoidal derivative of pregneno-
lone, in fraction V, the 3H/'*C ratio of this fraction
did not reach constancy. As a result, it has been
assumed that no pregnenolone was present in this
fraction.

As described above, the H/'*C ratio together with
the amount of tritiated pregnenolone added as in-
ternal standard were used to calculate the amount of
the lipoidal derivative of pregnenolone (expressed as
pregnenolone) in each fraction. The results are shown
in Table 4 and Fig. 3. As can be seen in Fig. 3, the
distribution of lipoidal derivatives of pregnenolone as
measured by the double isotope method is in reason-
able agreement with that indicated by radio-
immunoassay (Fig. 2). One important exception is
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Table 4. Pregnenolone isolated as lipoidal derivative, crystallization data and content*

Pregnenolone
Fraction Xt X, X3 Xs ML, (ug/fraction)
1 32 33 32 32 3.1 10.2
II 139 179 18.7 18.2 17.3 23
111 420 46 50 41 45
v 37 3.6 3.5 35 35 15.6
\Y% 90 101 130 108 89
VI 17.6 17.1 17.9 17.3 17.4 2.0
VII 374 380 36.8 389 38.0 1.4
VIIT 9.7 104 9.8 10.4 10.2 3.2
IX 29 29 29 29 29 18.8
X 5.7 57 5.5 5.5 5.5 6.0
XI 15.0 15.6 16,9 16.8 16.8 1.9

* Crystallization data (*H/'*C) ratio) and content (ug/fraction) of pregnenolone isolated from lipoidal
derivatives present in fractions obtained from the chromatographic analysis profiled in Fig. 3. t The
symbols, (X, X, etc.) are explained in the legend to Table 2. The following solvents were used for the
crystallizations: X, methanol; X,, chloroform-hexane; X, acetone-petroleum ether; X,, ethyl acetate-
petroleum ether. The content of each fraction was calculated by the method described in[1]. The
fractions of the samples to which the tritiated material standard was added are given in the legend to

Fig. 3.

apparent. Fraction 7A (Fig. 2) appeared to contain a
considerable amount of pregnenolone (as a lipoidal
derivative) as estimated by RIA, but, when assayed by
the more reliable double isotope dilution technique, it
was shown to contain much smaller amounts of the
steroid. Nevertheless, in spite of the fact that the two
methods of analysis do not give identical quantitative
results, it is clear that there are present in the extracts
examined at least three different lipoidal derivatives of
pregnenolone. Only one of these (IX) possesses the
same chromatographic properties as the derivatives
biosynthesized from tritiated pregnenolone by homo-
genates of bovine adrenal glands.
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#9 PREGNENOLONE / FRACTION
ASSAYED BY DOUBLE ISOTOPE TECHNIQUE

207
104

[H3)-PL

: A
Fig. 3. Profile of chromatographic analysis of adrenal
extract on florisil. Pregnenolone (after hydrolysis of lipoidal
derivatives) was estimated by double isotope technique.
The roman numerals correspond to the fractions or com-
bination of fractions as indicated in Fig. 2 as follows: I—1;
II—2A and 2B; ITI-—3A, 3B and 4A; IV—4B; V-—S5A and
5B; VI—6A and 6B; VII—7A; VIII—7B and 8A; IX-—8B;
X—=8C, 9 and 10; and XI—11, 12 and 13. Aliquots of Frac-
tions 1-XI were taken for quantitative analysis by the
double isotope technique. The fractions and the aliquots
are: 1—50%; I1—40%,; III—50%; IV—30%;; V—50%;
VI—50%; VII—30%; VIII—50%; IX—30%; X—50% and
X1—50%,. The tracing at the bottom is the same as that in

Fig. 2.

DISCUSSION

This work has revealed two important facts. One
bears on the fact that two other steroids, in addition to
pregnenolone [1], have now been shown to exist in
adrenal tissue as lipoidal derivatives. All three com-
pounds, pregnenolone, 17-hydroxypregnenolone and
dehydroisoandrosterone, are 3f-hydroxy-S-ene-ster-
oids. The methods of isolation and identification used
in this study would not detect steroids with other
structural features and therefore it is not possible to
assert from the findings reported in this paper that
only B, y-unsaturated-3f8-hydroxy steroids exist as
lipoidal derivatives in steroidogenic tissues. Examples
of this class of steroid were sought because the parent
free compounds are known to be intermediates in
processes that are involved in the biosynthesis of
steroid hormones. Each of the parent steroids can be
formed via enzymatic processes from cholesterol,
which is also a 3f-hydroxy-5-ene-steroid. Whether
lipoidal derivatives of these steroids can, in fact, serve
as substrates for biosynthetic processes is still un-
known. In this regard, it may be pointed out that
cholesterol acetate, as well as other esters of choles-
terol, can be oxidized by the side-chain cleavage
enzyme system present in mitochondria from bovine
adrenals to the corresponding pregnenolone
esters [6]. These cholesterol esters are, at least with
respect to their polar qualities and behavior towards
alkali, similar to the naturally occurring lipoidal de-
rivatives detected in this study. Moreover, kinetic evi-
dence recently obtained in this laboratory [7] sug-
gests that more than one side-chain cleavage enzyme
system exists in adrenal mitochondria. The data
further suggest that these systems appear to differ
from each other in their substrate specificities: choles-
terol, cholesterol sulfate (a naturally occurring con-
stituent of adrenals) and cholesterol acetate (chosen
because it may resemble the endogenous lipoidal de-
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rivatives) are each oxidized by what may be its own
specific enzyme system.

The second important fact disclosed by these
studies is that there are several different lipoidal de-
rivatives of pregnenolone in adrenal tissue. The three
(fractions I, IV and IX) differ from each other in their
chromatographic properties. At present, there is no
reason to believe that any one of the materials iso-
lated is a homogeneous entity. The resolving power of
the florisil chromatogram is relatively poor and prob-
ably is insufficient to separate compounds that are
structurally similar. The fact that three distinctly dif-
ferent fractions were separated from each other sug-
gests that the differences in their structures are not
small. If the in vitro experiments quoted [2] are any
indication, it may be anticipated that each of the three
fractions is still a mixture of components. The pre-
sumption is that the lipoidal derivatives of 17-hydroxy-
pregnenolone and dehydroisoandrosterone isolated
in this study are also mixtures of structurally related
components. The significance of this heterogeneity is
unknown.

Three techniques were used in this study for the
qualitative analysis of the steroidal moieties of the
lipoidal derivatives. They were: radioimmunoassay,
double isotope dilution technique and mass spec-
troscopy. The first two methods were also used for
quantitative analysis. It is not surprising that these
two were not in perfect agreement. The possibility
that the labeled steroid bound to its specific antibody
is displaced by structurally similar compounds, par-
ticularly if these are present in amounts much larger
than the specific ligand, is so likely that qualitative
identification by means of RIA always entails con-
siderable uncertainty. With the double isotope tech-
nique used in this investigation the uncertainty is
much less. When constancy in the *H/!*C ratios of
the derivatives {acetates) is achieved after several re-
crystallizations (from different solvent mixtures), the
probability that the unknown compound (as its acet-
ate) is identical with the added carrier of known struc-
ture is extremely high. The unknown compound may
be present in only trace amounts but so are contami-
nants. These impurities are removed either during
chromatography or even more efficiently as a result of
the successive recrystallization. In this latter process,
the partition properties between the crystals and
its mother liquor of the unknown compound,
which by now has been diluted with several thousand
times its amount of carrier, are very different from
those of the contaminants which are still present in
trace quantities. By measuring the specific activities
of both the crystalline products and of the residues
in the mother liquors, a quantitative evaluation
of purity can be made. Homogeneity is highly
probable when the *H/'*C ratios of crystals and
residues in  mother liquors over  several
recrystallizations are constant. Moreover with reagents
of high specific radioactivity and counting equipment
of great accuracy, the isotope dilution technique
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permits precise quantitative estimations of trace
amounts of compounds.

Confirmation of identity by mass spectral analysis
is obviously desirable and, in the case of dehydro-
isoandrosterone, this was obtained. With 17-hydroxy-
pregnenolone, the mass spectral analysis was incon-
clusive. Possibly too small a sample was taken for
analysis. In addition, the sample may have deterior-
ated during the several weeks that elapsed between
the analysis by the double isotope technique and that
by GC-MS. Recent experience has shown that special
precautions must be taken to prevent decomposition
of submicrogram quantities of compounds that are
stored for long periods of time. The double isotope
technique is a gentle procedure and the results
obtained with it clearly prove the identity of 17-hy-
droxypregnenolone as the steroid moiety of a lipoidal
derivative isolated from adrenal tissue.

Table 3 lists the amounts of the lipoidal derivatives
found in an extract of bovine adrenal glands. These
must be considered to be minimal values because
recovery, particularly from the initial extraction
process, could not be monitored. Moreover, there is
reason to believe that the values for 17-hydroxypreg-
nenolone are especially low because its lipoidal de-
rivative(s) probably does not have partition properties
{between isooctane and 90% methanol) that are as
favorable as those of the lipoidal derivative(s) of preg-
nenolone. In spite of these uncertainties, the values in
Table 3 reveal that the lipoidal derivatives are not
present in adrenal tissue in inconsequential amounts,
These newly discovered, naturally occurring com-
pounds are present in quantities that are of the same
order of magnitude as are those of the free steroids.
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