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1.

"Carbon skeleton™ chromatography has been extended to the sterolds
and sterols and applied to biochemical problemse A method for the re-
duction of microgrem amounts of steroids and sterols to the purent steranes
has been developede The apparatus for the reduction consists of a sili-
conised glass tube containing 1=37% w/w of platinum catalyst coated on
siliconised glass beads. The glass tube is enclosed in an aluminium
ecylinder and kept at a coanstant temperature. About 5-10 micrograms of
steroids and sterols are injected into the catalyst tube with a stream of
hydrogens The reduction products are trapped and analysed using gasc-
liquid chromatography. By using this method, a number of steroids and
sterols were recovered as the parent hydrocarbons at a catalyst temperature
of 170-190°C. The specificity of the method wus examined and was found
satisfactory. The yields of hydrocarbons were generally related to the
nunmber of substituents on the starting materials; about 507 of mono=oxy-
genalted steroids was recovered as sterane, whereas from trioxygenated
steroids the yields were 5-10%. A number of anabolic and progestabional
steroid drugs which are based on a limited number of parent hydrocarbons
also gave the expected products; these were generally separable from the
hydrocarbons from natural products.

The method was used to characterise the hydrocarbon skeleton of the
16’3-hydroxydehydroepiandrosterone from infant urine and to confirm the

specificity/



2

specificity of a method for measuring pregnanetriol from pregnancy
urine extracts. Since the carbon skeleton of a steroid is left largely
intact during metabolism in maﬁ, the metabolism of 1l9-nortestosterone,
methandrostenolone, oxymetholone and norethandrolone administered in
therapeutic doses was studied in man, using the present method for the
detection of drug metabolites in the urine extracts. The results from
19-nortestosterone and methandrosbenolone have been consistent from the
known metabolic fate of these drugse Two major metabolites of 19-nortes-
tosterone were found in the "conjugated" fraction behaving like 19-noraeti-
ocholanolone and l9-norandrosterone. From methandrostencolone, two
metabolites were found in the "free® fraction behaving like 6f3 -hydroxy-
methandrostenolone and an epimer of methandrostenolone. The mebebolites
of methandrostenclone could alsc be delected in the freely extractable
fraction from urine before any chromatographic separationse The sensiti-
vity of the present method was found satisfactory end the results obtained
were gimilar to those using 4~14C-19-nortestosterone and conventional
methods of detection of methandrostenolone metabolitese It, therefore,
gseemed justifiable to use "ecarbon skeleton® chromatography in other studies
of steroid drugs like oxymetholone and norethandrolone whosc metabolic
fate was not knowm.

Oxymetholone wag converted to two metabolites which appeared in the
"conjugated® fraction. The polar nature of the metabolites suggested thel
an alteration of the C-2 hydroxymethylene group was possible during

metaboliam/
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metabolismes These metabolites were unstable on gas-liquid chromatography
but were stebilised by acetylation. The two major metabolites of nore
ethandrolone were detected in the“oo:}jugated" fraction. THvidence was
obbtained which suggested that the reduction of the D 4—3-ketone group of
norethandrolone occurred during metabolisme In all the studies on anabolic
steroid drugs, little or no unaltered drug was detectable in urine extracte.
In conclusion, "carbon skeleton" chromatography has been shown to
provide a possible solution to the problemg of studying the metabolism of
normal therapeutic doses of many steroid drugs without using radiocactivity.
In addition, this technique should solve the problems of detection of the

adminisgtration of some anabolic sbteroid drugse.
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GEMERAL INTRODUCTION *

In the study of bilologieal products, it is often necessary to charac=-
terise Microgram,‘pg-f quantities of organic compoundse Ilany micro
techniques have been developed for this purpose, especially in chromatography.
The development of gas-liquid chromatography, gelecs with its sensitive
detection systems has opened new avenues of research because of its capa=-
bilities for the separation and measurement of closely related compoundss
The application of g.le.ces Lo steroids and sterols is noteworthy.

In order to increase the value of g«leCey other chemical and physical
techniques have been combined with it« lxamples of such techniques are
methods involving chemicel reactions and g.le.c. as well as separations by
gelecs combined with the powerful method of mass spectromebry for final
detection and examinations Unlike mapes spectromeiry, which depends on
fragmentation of the molecules, the method of high temperature catalytic
reduction described in this thesis yields a simplified pattern of productss
These products generally congist of the basic structures of organic com=
pounds, the stable saturated hydrocarbonss¢ In studies on steroids and
sterols, proof of the hydrocarbon skeletons have often been sought and the
classical Clemmensen and Wolff-{ishner methods of reduction have been used

in these problems.

The relevant references for this general introduction are cited
elsevhere in the thesis.

+ In this theslis, abbreviations when {irst mentioned are defined in
full; thereafter, abbreviations have been generally used.
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These methods have limitations because they require milligram amounts of
samples and are applicable only to ketones.

The work presented in this thesis describes, evaluates and applies a
more generally useful method for reduction of pg. amounts of steroids and
sterols ¢ the parent steranes and their tentabive identification by ge.l.c.
The thesis consipbs of four chaplterse In Chapter I, the development of the
method of high temperature catalytic reduction as applicable to various pure
naturally oceurring steroids and sterols is described. Chapter II is an
extension of this approach to steroid drugs and related compounds. In
Chapters III and IV, the application of the method to blological problems
is presenteds Chapler III consists of two sectionse In section I, the
characterisation of the hydrocarbon skeleton of an unknown compound from
infant urine is presenteds In secltion II, this approach has been used to
confirm the relisbility of a method for measuring pregnanetriol in pregnancy
urine. Chapter IV consists of studies on the metabolism of four anabolice
steroids = 1l9=-nortestosterone, methandrostenolone, oxymetholone and norethan-
drolone in man, The metaboligm of the last two compounds has not previously
been studieds Since the hydrocarbon skeleton of a gteroid is not altered
during metabolism, the method has been useful in Ghe detection of metabolites

by their common denominator, the hydrocarbon skeleton.






A. TRODUCSTIO

Sabatier's classical discoveries in vapour-phase hydrogenation
described in 1944 were first applied to micro samples by Thompson, Colemean,
Ward & Rall (1960), These workers showed that the identification of the
many sulphur containing isomers in petroleum products could be achieved by
microhydfogenation and gas chromatographic charactefisation of the hydro-
cerbons produced (Hopkins, Kendall, Thompgon & Coleman, 1969).,  Such
identification of the parent hydrocarbons either identified or contributed
to the identification of the precursorse This technique was further
extended to compounds containing halogen, oxygen and nitrogen (Thompson,
Colcuan, Hopkins & Rall, 1967). Beroza and other workers further applied
this method to many orgasnic compounds including some ﬁ;tu;al producte, for
exanple insect attractants (Beroza & Acree, 1964; Brownlee & Eilverstein,
1968) and alkaloids (Beroza, 1963)e A similar approach has also been used
in the investigation of the queen bee substance ( Callow & Johnston, 1960)
and in the study of fatly acids from wool wax (Downing, Kranz & Murray,
1960) .

Amongst the natural products, steroids and sterocls represeat an
important clase of compounds; +they occur widely in plante and in animals.

Identification/
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Identification of an individual stercid or sterol is complicated because they
occur only in small quantities in the presence of many closely related sub-
gstancess The developmeni of chromatograpnic techniques, especially of gas-
liquid chromabography, gelecs has been very useful for the ldentification

as well as separation and quantitation of minute quantilies of steroids end
sterols (Horning, VandenHeuvel & Crecch, 1963a; Kuksis, 1966; Horning,
Brooks & VandenHeuvel, 1963). Although chromatographic and microchemical
techniques for the identification of functional groups are highly developed
(Bush, 196la), the nature of the hydrocarbon skeleton has often been guessed.
The complete reduction of a steroid to the parent hydrocarbon is a funda=-
mental method for proving the nature of its carbon skeleton ([ieser & Fieser,
1959a; Klyne, 1965). However, little use had been made of this fundamental
approach because techniques were cumbersome and ingensibive (Steiger &
Reichsbein, 1933). Previously it has not been poseible to apply this pro-
cedure to microgram, jg., quantities of steroids and sterols but Bush (1961b)
recognised that the development of gel.cs now allowed The separation and
nmeasurement of the parent hydrocarbons.

In the present chapter a deseription of the apparatus and the method
for high temperature catalytic reduction of steroids and sterols ig
presenteds The factors affecting the method and an examination of the
reliability of the methed are describeds The present apparatus and method
have been used successfully in the complebe reduction of about 5 to 10 pg.
of steroids and sterols to the parent hydrocarbonse

The/



8.

The yields and ratios of the different hydrocarbon products from a
nunber of different types of compounds have been studied at various tempere
atures, Different types of catalyst and supports for the catalysts have
been investigated. The products obtained were consistent at a constant
temperature and provided information about the structure of the carbon
skeletong of the starting materials. [However, the yield of the parent

hydrocarbons depended on the number of subgstituenis in the original compounds.
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1. Hydrozenators

The basic principle of the apparatus is similar to that of the
"Carbon skeleton determinator® (National Instrument Laboratories, Inc.,
Maryland) deseribed by Beroza & Acree (1964) and to the micro-hydrogenation
apparatus of Thompson gt gl. (1967) in which samples were reduced by
injectlon into a stream of hydrogen passing through a heated bed of cabalyst.
Modificatione introduced consist of a siliconised glass tube (2L.7 x 0.7 en.
outer diameter, o.d.) with 7/16 sockets at its eads as a reaction chamber
in place of the metel tube used previously. The tube is placed inside an
aluninium block (21.7 x 3.20m. 0.d.) drilled approximately to the size of
the socket (1.27 cm. diam.), the space between the ends of the glass tube
and the aluminium block was sealed with aluminium foil. 4 metal injection
head with a ru&%r septum (Cate Nos 42994, Pye Unicam Ltd., Cambridge,
fngland) was fitted to a 3 em. long glass tube ending in a 7/16 cone which
was connecbed to the catalyst chamber. The oubtlet of the catulyst chamber
was connected by a 7/16 cone to a tapered glass tube for trapping the reaction
products (Fig. 1).

The shape of the '"brap tube' is similar to that described by Beroza
& Sermiento (1964). The aluminium block was wrapped with an flectrothermal
heating element insulated fvom the exterior by zsbestos tapes The input
to the heating tape was controlled using a Variac transformer. A hole

(6 mm. diam. )/
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(6 mm., diam.) at one end of the aluminium block was drilled to hold a
thermometers The temperature of the system could be maintained * 0.5°C,

A gas purifying bottle (Pye Unicam Ltd.) containing a 13 X type molecular
sieve (erystalline sodium aluminosilicate, 1/16" pellets, Union Carbide)

was connected between the injection port and the hydrogen cylinder to ensure
a dry gas supply. An on and off valve between the injection port and the
gas purifying bobtle prevented the molecular sieve from absorbing moisture

from the atmosphere when the hydrogen supply was stoppeds



2+ Jabalysts and support.

Platinum catalyst coated on a support of about 40 mesh siliconised
glass beads (British Drug Houses Lbtd. BDH, Poole, fngland) was used.
Preliminary cleaning and deactivation of the beads was similar to the method
used by Horning gt gl. (1963a) for diatomaceous earth supports but treatment
of the beads by overlaying overnight with 5% v/v dichlorodimethylsilane in
toluene gave better resulls than treatment for only 10-15 minutes. There
was less isomerisation of the A/B rings and the yield of the minor products
was reduceds The cabalyst tube was treated similarlys The clecaned and
siliconised beads were then coated with platinum catalyst by the following
procedure. The beads (50 gms) were placed in a beaker with 100 ml. of 17
w/v ethanolic solution of chloroplatinic acid (containing 40% platinum, BDH)
and were bhoroughly mixed by rotating the beaker during evaporation of the
gsolvent to dryness on a boiling water bath under a stream of compressed air.
When the mixture was nearly dry, it was removed and further dried in an oven
at 100-105°C overnight, Alternatively, a robary evaporator wus used for
evaporation of sclvent and coating of support on the beads; then {inal dry-
ing was performed in a vacuun desiccator over gilica gel. Soth procedures
gave satisfactory coating of platinum chloride on the support and the
acbivity was similar when a reference sterold, 3d =hydroxy-=5d —androstan~ 17-
one; androsterone *waa reduceds About 1-3% w/w Pt. coasted on the glass

beads wae produced by this method. The cabtalyst was stored in a desiccator

and/

* In this thesls the correect deseriptions of the compounds are followed
by their simpler trivial names; thereafter, the trivial names are generally
useda
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and remained active for at least £ months.

Platinum catalyst was also prepared by the method similar to that
ugsed by Beroza and Sarmiento (1964} for the preparation of neutral palladium
catalysts The platinum chloride solution in this cace was neutralised by
adding 5N alcoheclic potassium hydroxides The preparation of the palladiun
catalyet was similar to that for platinum. Raney nickel catalyst was

prepared according to Vogel (1964).
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3. Gag chromabosrapi.

A Pye Unicam Series 104, model 14 gas chromatograph with a f{lame
ionisation detector and a Honeywell 1lmv recorder (Honeywell Ltde Lanarkshire,
Seotland) was useds The recorder chart speed used was 12.5 em/hr.
Nitrogen (40 ml./min,) was used as a carrier gas. The flame ionisation
detector was operabed at She optimum conditiong deseribed by Fowlis, liaggs
& Scott (1964). The injection head was modified according to Menini &
Norymberski (1965). The flash heaterﬁas kept at least 40% higher than the
column temperaturee Losses of 019 and Oy hydrocurbons were found to occur
due to radiation from the flash heater. The recoveries cbtained from these
hydrocarbons were variable. These losses were avoided either by placing a
board wrapped on both sides with aluninium foil belween The sample holder
tube and the flash heater or by using in series two Hotaflo stopcocks, Cabe
No. TF2/18 (Quickfit and Quartz Lbtd., England) sealed abt one end to the
gauze holder tubes The latier modificablon allows injectlion of single solid
samples {rom outside thus avoiding any risk of losses of more volatile com~
pounds from the sample helder tube.

The stainless steel gauze rings used for deposition of the sample
(Dixon Geusze Rings, ¢" x §", Griffin & George Ltd., Wembley, Ingland) were
washed 6 times each with chloroform (A.R.), mebhanol (4.R.), and chloroform
(A.R., disgtilled) in a 50 ml. round bottom flask. Traces of solvent were
evaporated using reduced pressure.

I'he surface of The polyletrafluoroetiylene, PIFE dimpled plate used
for sample deposition was smoothed by the method of Menini & Norymberski

(1965)
Glass wool wes cleaned and siliconised by a method similar to that

used for the glass beads.



4+ Gag chromatograoh columng.

Coiled glass colums 152.4 cm. and 121.9 cm. long and O«4 cm. internal
dianmeter were packed by the method of Horning et gl. (1963a)s The supports,
100=120 mesh Gas Chrom P (Applied Science Laboratories, State College, Pa.)
and acid washed and giliconised 100-120 mesh Supasorb (BDH) were siliconised
vith 5% v/v dichlorodimethylsilane in toluene. These supporting materials
were coabed with 1% w/w neopentyl glycol adipate polyester, BGA, and with
methyl silicone polymers, 1% w/w JXR (Applied Seience Laboratories) and 17
w/w SE=30 (General Llectric Cos.)s The coating material NGA was dissolved
in acetone; OE=30 and JXR were dissolved in tolucne. The separations of
the hydrocarbon produced by the non-selective phases, =30 and JXR, were
generally conlirmed by the selective phase NGA which retains compounds with
carbon-carbon unsaturated groups (Horning, Luukkainen, Hashti, Creech &
VandenHeuvel, 1963b). Tentative identification of the products was on the
baglis of retention times using these columns. The number of theoreticsl
plates on the SE=30, JXR end NGA coeted colums at 210°C ueing 54 -cholestane
were 1729, 2152 and 1850 respectively. The separation factors and the
relative retention times of the reference hydrocarbons on =30 and on HGA
colums are presented in Tables 1 and 2. The values obtained on the SE=30
coated colums are similar to those of Brooks & Hsnaineh (1963).

For quantitation of the hydrocarbons produced peak heighte were meas~
ured and compared with those from known quantities of similar external

reference hydrocarbonge
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IABIE 2

MEAN RETENTION TIMES £ S.D. OF THE REFERENCE HYDROCARBONS

LLAT ' K- 03 :

Columng  Colum temperature — Hydrocarbong Relative retention timeg

E-30 150% 5p-Androstane 0,83 + 0,01 (6)
SE=30 150°%¢ 5p=Pregnane 2,01 * 0.02 (6)
SE=30 150% Sd=Pregnane 2.27 + 0,02 (6)
NGA 150% 5p-Androstane 0488 + 0,01 (6)
NGA 150°G 5p-Pregnane 1436 * 0.0L (6)
NGA 150 54=Pregnane 2.13 + 0,02 (6)

llumber of estimations in parentheses.
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5+ Spectrogcopy.

Infrared, i.r., spectroscopy on a micro scale was performed on a
Unicam SP200 spectrophotometer. The samples were deposited as a small spot
on a polished HaCl plate the spol was then placed at the polnt of focus of

a beam condenser (Sykes & Kelly, 1966). Unicam SP600 spectrophotometer was

uged for visible regions.

All chemicals used were analybicul grade where possible. Absolube
ebhanol (A.R.) was refluxed with solid potassium hydroxide for 12 hours and
followed by fractional distillation. Chloroform (A.R.) was redistilled.
These solvents were checked {or high boiling impurities by depositing about
0.5 mle on gauze rings and running in gelec. for at least 30 minutes using
the SE=30 colum at 210°C. No rubber or plastic implements were permitted
to come into conbtact with the solvenis or the solutions.

The steroids and sterole used were either purchased from the chemical
manufacturers or procured as gifts from various sources (see acknowledgments).
They were pure when checked by thin-layer chromatogrephy, tel.c. and in some

cases also by gelece except where other wise noted.

7 - [ tog "

Glass plates (20 x 20 em . and 10 x 20em ) were coabed with silica
gel G and silica gel GFps, (Es Merck A.G., Darmstadt) in 250 p thickness
using a Quickfit t.l.ce set. The plates were dried in an oven at 100=~105°C

for/
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for 1 hour and stored in a glass tank containing anhydrous silica gel.s For
telecs the rectangular glass tanks with ground glass lids were kept in a

roon ab 250 hat 1°¢,  The solvents were saburated and equillibrated overnight
by lining one side of the glass tanks with Whatman No. 42 filter papers.

The samples in chloroform or in absolute ethanol were dispensed using a 10 pl.
Hamilton micro-gyringe (Hamilton Company, Whitticr, California.) The

solvent systenms used were chloroform; chloroform - acetone (9:lv/v); chlore
oforme=methanol (19:1, 9:1 and 4:1 v/v) and chloroformemethonol-water

(95:35:4 v/v)e The last two solvent systems were used only for more polar
compounds with 3 or 4 hydroxyl groups.

The steroids and sterols were detected either by Lheir absorption of
ultraviolet light, 254 mp, mex. (idanovia Lamps, Elough, fnglsnd) on fluores-
cein impregnated plates or with 3% w/v. phosphomolybdic acid in methanol.
This reagent was acidified with a few drops of conc. HCL before uses For
detection of steroids with a l7-ketone group on thin-layer plates Zimmermann
reagent (Corker, Norymberski & Thow, 1962) was used. The plates were sprayed
with a mixture of 1l:1 v/v cthanolic solution of m=dinitrobenzene (0.5% w/v)
and alcoholic potassiun hydroxide (5N). Pobassium hydroxide was first
dissolved in 1 vol. of distilled water and 2 vol. of ethanol added. The
plates were then heated in an oven at 60°C with frequent inspections.

For chromatography of the hydrocarbons on thin-layer plates chloroeform
or cyclohexane was used, For detection, 5% (w/v) iodine solution in

chloroform/
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chloroform or iodine vapour was employeds. 3% (w/v) phosphomolybdic aeid
in methanol can also be used for detection; about 2=5 pg. could be
detected in about 0,7 cm. diameter spot. These sgolvent systems on silica
gel plates, however, do nolt separate the androstanes, pregnenes and
cholestanes as these hydrocarbons run with the same mobility. The Ry
values with the solvents cyclohexane and chloroform were 0.6 and 0.7
respectively. However, Uhis thin-layer separation provided evidence for

the presence of any unreduced or partislly reduced starbing naterials.

3. & reget .

When the Zimmermann reaction was used for quantitelive estimations in
solution the reagents were prepared by dissolving 2 vole of 0.5% (w/v)
medinitrobenzene in ethanol with 1 vole. 40% w/w benzyltrimethylammonium-
hydroxide. The steroid residues, two known quentities of the standard
endrosterone (10 pg. each) and two reagent blanks were added with o.l ml.
of nm=-dinitrobenzene and 0.5 ml of benzgylirimebhylammoniumbydroxide. The
mixtures were incubated at 25°C in a waterbath for 1 hr. end diluted with
3 mle of ebhanols Extinctions were measured at 440, 520 and 600 mp and

the results were corrected by the method of Allen (1950).



The catalyst was packed into the glass tube after plugging one
end with some siliconised glass wool (Fig. 1). The total weight of
support and catalyst used Yo prepare cne tube was approx. 2.25 gm. The
tube containing catalyst was then put inside the aluminium block and
charged for 3 hrs. by passing hydrogen (20=30 ml./min.) through the
catalyst bed at temperatures of 130-200°C. As the rise of temperature
with this apparatus is slow, overheating of the catalyst can be avoided.
Since HCLl is split off the chloroplatinic acid a check on the pH of the
effluent was made during the process by testing it with a few drops of
'‘universal indicators' solution (BDH). At the end of the charging period,
when the effluent was neutral, three injections of 10 jpl. absolute
ethanol were given at 5 minute intervals. This virtually eliminated the
production of compounds which did nobt correspond to stersnes on gelecs
The activity of the charged catalyst was not found to alter even after
three months' storaze.

Samples were dissolved in absolute ethanol (approxe 1 mg./ml.) and
5 = 10 ple were injected with a Hamilton micro-gyringe. The products
were collected for about 1 minute in a tube (7.5 x 0.6 cm.) containing
about 0.2 ml. of chloroform which was kept cool in ice. [inally, the
outiet was removed and replaced immediately by another. The outlet
was rinsed with a few drops of chloroform which were then transferred

into/
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into the collecting tubes A U=ghaped outlet cooled in ice water can also
be used for trapping the reduced products.

Injections of 10 ple of absolute ebhanol or 50/ ethanol three times
at an interval of 5 minutes ensured complete elution of any removable
compounds which had been rebained in the catalyst bed (See Chapter I, DIII
6)s In order to increcse the recoveries the first blank injection of
10 pl. of absolute ethanol was made at the end of each trapping period as
the products were being collecteds The whole operation was carried out
on a hench fitted with an exhaust fan or inside a fume cupboard. No
interruption of gas flow wes made throughout the procedures At the end
of procedure as soon ag the heater and gas surply were turned off the
catalyst tube was closed by a suitable glass stoppere The reduction
products which have been trapped in the chloroform were transferred on to
a PTFE plate for deposition onto stainless steel gauzes for injection into
the g.lece The chromatngraphic colums' temperatures were 140-17000 for
C19 ~endrostanes and 0g) -pregnanes. For Cpy -cholestanes and Uy, -chol=-
anes temperaturss of 190=210°C and 170-130°C respectively were required
with NGA, JXR and SE«3C coated columns.

As the yleld of saturated hydrocarbons depends upon the activity of
the catalyst this should be checked frequently by reduction of a known
quantity of a reference compounds In our experience a new baich of
charged catelyst gives a reproducible yield for at least 4=6 dayse

The molecular sieve for drying the hydrogen gas was used as & pre=

cautionary/



precautionary measures In many instances, however, activity of the
catalyst was not altered when the molecular sieve was not connected to
the gas cylinder,

Spent catalysts were stored under water in a labelled bottle and

were discarded into a wabter carriage drainage systens



Fig. 2.

Reduction products from 10 ug. of androsterone
using the "carbon skeleton determinator" at
catalyst temperature of 2000C, Chromatographed
on an SE-30 coated column at 1609C, attenuation
X 500, The retention time of S5a-androstane is
indicated by a vertical line., The start of the
chromatogram is from the right side.



In the present investigation, the "Carbon-skeleton determinator®
apparatus previously described (Beroza & Acree, 1964) was found unsatis—
factory for reduction of steroidss The producits were a complex mixture
with a large range of retention times some of which were considerably
longer than that of the perent hydrocarbon. The products obtained from
androsterone are presented in Fige 2. [Ho producte corresponding with the
parent steranes were present.s A product with the retention time of
androsterone was present. Similar resulis were oblained from 3 ~hydroxy-
5 p =androstan-17-one, actiocholanolone and 17 P =hydroxyandrostei=en-3-one,
tegtosterone. The results were not improved af'ter siliconisation of the
metal surface or by putting a glass liner inside; there still remained a
small part of the metal tube which could not be glass lined. Thege

complex changes occurred with and without ecatalyst and support in the tube.

IT. Developuent and uge of tihe present hydrozenator and method.

With the present siliconiged glass apparatus, unchanged steroid could
be recovered quantitatively from the system without catalyst and its
suoports A steroid, androsterone, was injected into a hydrogen gas strean
flowing through the tube and trapped at the outlet of the systeme The

trapped steroid was estimated by the Zimmermann colour reaction and by

g-l.c./



e

EFFECT OF TEMPERATURE ON YIELD OF HYDROCARBONS FROM Gy STEROIDS

Compounds

3d=ilydroxy=5d=androsian=
17-one (Androsterone)

3d=lydroxy=5p=androstan=
17-one (Astiocholanolone)

17 f-liy droxyendro gbel=cn-—
3-one (Testosterone)

Temperature
range

140 - 150°C
160 - 170°C
130 - 190°
200 - 210°C
220 = 240°C

140 - 150°C
160 - 170°C
130 - 190°¢
200 - 210°C

220 - 240°C

140 - 150°C
160 - 170°%
180 - 150°C
200 - 210°C
220 - 240°C

Mean percentage yield (& S.D.)

S5d~androstane

5426 +

+

984 ¢
14.30 &
20648 +

23404 %

1.96 ¢
276 *

+

£e38 2
9¢33 &
14466

+

*

l.14 #
4e 33

+

——

+

6484

+

14.30 +
15,64

i+

1.73
0.75
2.50
2408
7+11

Ce97
0.64
0.67
1.16

Ll

0422
0490
2405
2425
0.93

(5
(5)
(5)
(5)
(6)

()
(6)
(5)
(5)
(5)

(5)
(6)
(6)
(5)
(5)

5p=endrostane

094 + 0,08
2.38 + 0.10

4el3 + 0,15

>~
[ ]

‘—l
o
+

Ou51

LW
L d
l-..l
N

i+

1.23

4el8 * 0,76
6468 + 0.65
9e16 + 1,07
4T3 + 1,66

0.4

W
.
U
<o

I+

0.16

-

1.21

+

5432 &
4420 ¢ 1.11

0.98

5e48 # 1,15
beddy * 0,93

(5)
(5)
(5)
(5)
(6)

(5)
(5)
(5)

(5)
(6)

(5)
(5)

Ratio of

products

Su=andro-
stane

R i =

I I I

-

o

et

5p=andro=

stane
0.17
0e24
0429
0e20

0.13

2.13
2642
2.09
0450

0.23

1.1

1.09
0.61

0.33

0,23
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Compounds Temperature Mean percentage yield (& S.D.) Ratio of vmomnnam
range 5dmandro stane 5p-androstane S5d=andro= 5P=andro=

sbane : stane

3P=lydroxyandrost=5=en= 140 = 150°C 1,10 £ 0,01 (5)  0.32 % 0.05 (5) 1 : 0.29
17-one (Dehydroepiandros~

terone) 160 = 170°C 5.58 # 0487 (6) 204 * 0.59 (6) 1: 0.36
130 = 190°%C 7.32 £ 1,16 (5) 248 * 0.63 (5) 1: 0.33
200 = 210°C  13.60 £ 0.92 (5)  2.90 & 0.55 (5) 1 : 0,21
220 = 240°C  14.12 # 2,72 (5)  2.64 * 0493 (5) 1 : 0,18

The numbers of estimations are in parenthesess
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gelece In two series of 6 experiments using each method of determination,
72.9 + 5.3% (6) (mean *+ 8.D.) of the androsterone was recovered unchanged as
estimated by gels.ce and 73,5 + 9.2% (6) (mean * S.D.) of the starting material
was recovered as egstimated by the Zimmermann reaction. From all these
resulte it became obvious that decomposition of the starting material was

occurring inside the hot metal surface of the catalyst chamber and that this

could be avoided using a glass system.

With the present apparatus factcrs associated with the optimum operating

conditions were sbudied.

1. Effeet of temperabure - The effectsof temperature on the yileld of saturated
producbs from some typical C19 sberoids were studied from 140° - 240°C. The
results are presented in Table 3. It is to be noticed that with the rise of
temperature there was a linear increase in the yleld of hydrocarbons, accom-
panisd by an increase in the relative amount of the more stable 54 isomer,
The number and amount of minor nroducts (Fig. 4) was also increased. At

the temperabure 170°C smailer amounts of the minor produsts were found, and
there was less conversion bto Lhe stable 5« , trans isomer. The amount of
starting materials recovered as 54 and 5P -androstane and the ratio of the
anounts of these two products were reproducible as shown in Table 4. From
the results in Table 4 it can be seen that the sclection of a low operatiag
temperature providegs more information on the structure of the starting
materialss The results in Table 4 show that the yield wes partially rela-

ted/



Fig. 3.

Start

Gas chromatogram of the standard steranes on a
JXR coated column at 140°C, attenuation x 100.

In order of increasing retention time, the peaks
are 5g~androstane (0.30 ng.g. Sa~androstane
(0.25 ug., marked by a vertical line), 58~
pregnane (0.30 pg.) and Sa-pregnane (0.25 ug.).



Start

Reduction products from 2.5 ug. of androsterone

at catalyst temperature of 1700C

chromatographed

on a JXR coated column at 1400¢C
100, The retention time of 5a-
indicated by a vertical line.
steranes, see Fig. 3.

, attenuation x
androstane is
For the reference
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Compounds
of 54 + 5P=-androstane 5d=andro=  5pe-andro-
stane @ glane

3p-lydroxyendrost=5~ene 59430 + 6.67 (4) 1 : 0.23
SdmAndrostan=3p-ol | 5337 + 6493 (4) 1:0.19
W%ﬁ%ﬁ:ﬂwﬁﬁomgﬁém 11.70 % 1.45 (5) 1 : 0.22
ww%mmmm%%nmwm%omﬁg:ﬁém 11.0L + 0.86 (4) 1 : 2,65
17B=liydroxyandrost=/=en=3=one

(Testosterone) 10473 + 1.21 (5) 11148
Androst=j=cne=3, 17-dione 9.46 * 0442 (4) 1 1.18
3p=liydroxyandrogt=S=en=17-one

(Dehydroepiandrosterone) 723 + 1.9 (5) 1 & 0.42
5&=Androstan=3, 1l7-dione 14422 + 1.01 (4) 1 : 0,11
5p-Androstan=3, 17-dione 17.51 % 1.32 (5) 1: 3.2
5d=Androstan=3p, 17Adiol 755 + 140 (4) 1 : 0.16

contde.
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Compounds Mean percentage yield (% 5.D.) _ Ratio of products
of 5L + 5p =aendrostane 5&=andro-  5Bp-andro=-
stene ¢  gtane

16d=Hydroxyandrost=5=en=17-one 4eb6 # 0430 (4) 1 : 0.15
3p<iicthyl=3d, 3'=-epoxy-17P-

hydroxy=54=androstane 4e96 + 046 (4) 1 : 0.20
Androst-l, 4~diene-3, 11, 17-trione 6,00 * 1,30 (4) 1 3 0.43
Androgt=/=ene-3, 11, 17=-trione 8420 * 1.42 (5) 1: 0:24
5d~-Androstan=3, 11, 17=-trione 7.12 + 0.30 (4) 1 s 0,08

The numbers of estimations are in parentheses.
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related to the number of oxygen functions in the starting malerial; about
50% of the mono-oxygenated androstanes were converted to androstanes whereas
only about 5 = 10% of the trioxy compounds were recovered as steranes. Low
yields have previously been noted from compounds with two or more polar

groups (Beroza & Sarmiento, 1963).

2+ Catalvgbs and Supporbse = Some commonly used cabtalysts and supports were
investigateds Palladium and platinum coated on diatomsceous earth supports

as deseribed (Beroza & Acree, 1964; Beroza & Sarmiento, 1965) were not
satisfactory. The reduction products contained two major components corres-
ponding to The parent hydrocarbons but their separation was not complete,

With platinum on siliconised glass beads the compounds obtained were
clearly separcble and consisted mainly of two peaks with the retention times
of the parent hydrocarbons. In the present investigalion no non-volatile
alkali was added to ncutralise the catalyst during preparation as with some
steroids the presence of alkali can cause decomposition and isomerisation
(Reichstein & Shoppee, 1949). It was also found that an alkaline catalyst
wag less active than the neutral calalysts. Two steroilds aeblocholanclone
and androsterone were reduced at 200°C by a neutral platinum catalyst
prepared with alcoholic potassium hydroxide (see Chapter I, B2). The yields
obtained were ;bout 2% although the reduction patterns were similars

Beside platinum, palladium and nickel were also tried on a siliconised
glass support using androsterone as the starting materials The patierns
obtained were similar to those from platinum but the yields of hydrocarbons

were/
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were comparatively low. The mean yields at the catalyst temperature 210°C
of 54 and 5P androstene with an estimate of the standard deviations were for
platinum 24.7 + 4.6% (4); for nickel 8.1 + 1.3 (4); and for palladium 2.9
+ 0,68 (6)s The number of experiments are shown in brackets. So far the
platinum catalyst coated on glass beads has given the most satisfaclory
resulls and unless otherwise stated all the work reported in this thesis has

been carried out using this catalyst and supports

3« Con tratlon of the t G o The effect of an incressed
concentration of platinum on the reduction of 17P ~hydroxy-l9=norandrosbei-
en=3-one, l9-nortestosterone and 3p, 164 ~dihydroxyandrost=5-en=l7=one, 16d -
hydroxydehydroepiandrosterone was studieds When the amount of platinum
chloride was doubled (cege 2 gme on 50 gm. of glass beads) the products with
the retention times relative to 5d =endrostane of 0430, 0«32 from 1l9-nortest=
osterone (see Fige 15(4) Chapter IV) and of 0s33, 0.34 from L6&-hydroxydchy-
droepiandrosterone (see Fig. 114 Table 15 Chapter III, Seetion I) were
obtained in higher yields From 16d -hydroxydehydroepiandrosterone the
parent sberane, 54« =androstane was a minor products This suggeste that the

increased concentration of platinum causes extensive hydrogenolysis.

e Specificitys The identities of the major reaction products obtained by
using the present method:;;;nined in different wayse

In a series of experimentis, the products have been run on SE-30, JXR and
NGA coated colwmng and then tentabively identified as parent hydrocarbons on

the/
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the basig of retention times. The symmetrical and gharp peaks of the
products in g.le.c. are characteristic of hydrocarbons (Beroza & Acree, 1964)
and because of this property and their high thermal sbability these compounds
are used ag internsl standards in meny gas chromatographic investigations
(VandenHeuvel & Horning, 1962; Brooks & Hanaineh, 1963).

Mierochemical treatment of these products from sndrosterone, aetiochol=-
anolone, testosterone and dehydroepiandrosterone with 3 ¥ sulphuric acid for
30 mins, 3 Il sodium hydroxide for 30 mins., oxidation with 10%Z aqueous
chromium trioxide for 15 mins., and acetylation with acebic anhydride and
pyridine overnight did not change the retention times.

The i.r. specira of the products obtained after reduction of androsterone
(Table 5), 54 =androstan=3 P=ol and 3 p =hydroxy-androst=5-ene had identical
absorption mexima to that of authentic 5/ =androstenes About 100 pg. of the
saturated product from each of these compounds was produced by hydrogenation
of a number of 5 - 10 pg. samples.

The reduction products {rom cholesterol (ifige 6(B)) were analysed using
an LEKB = 9000=gesl.ce MS combinations The mass spectra showed that the
peaks with the retention times of 54 aud 5P =cholestanes had the expected
molecular weights of 372 (Table 6) and the fragmentation was similar to that
of cholestane (Friedland, Lane, Longman, Train & O'leal, 1959).

The hydrocarbon skeleton from a Cjg steroid lsolated from urine identi-
fied by the present method was consistent with evidence obtained using i.re
spectroscopy, geleCs wilh mass spectrometry and direct gels.ce (Chapter III,
Section I C2 & 3)s In addition, retention times of the main products of

reduction/



Compounds

Reference

5 =Androstane

Androsterone
reduction products

strong absorption

m = medium absorption

32,

Frequency
(em ~1)

2950 &
2370 s
1460 n
1380 m

1375 n

2950 s
2570 8
1460 n
1330 m
1375 m



Compounds

Product corresponding
to 54 =cholestane in
ZeleCe

Product corresponding
to 5p =cholestane in
g lice

Mass units (m/e)

AR
43
55
57
67
69
8l
93
95
109
123
149
217
213
357
372

41
43
55
57
67
69
8l
95
109
149
217
218
357
372

43
53
61
33
by
30
52
o4
52
43
1CC
60
34,
38

* Only mass units showing abundance of above 25% have been shown.
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reduction of a number of steroid drugs with common hydrocurbon skeletons were
jdentical (Chanter II, ClL & 2)s Fron this evidence it was concluded that

the major products of reduction were the szburated parent hydrocarhons.

5. Irapoing. = The efficiency with which the reduction products were trapped

was investigateds Table 7 shows the recoveries of Cjg hydrocarbons after

their passage through the complete system at temperatures bebtween 170°C anad
200°C, These recoveries are calculated by using as 100% the results obtained
by dirset estimation of the hydrocarbons by ge.l.c. usinog solid injection and
direct liquid injection. The present results agree well with previous workj
using liquid nitrogen as a cooling mixture recoveries from 84~83% have heen
reporbed for some radioactive steroids and sterols (Brooks & Godefroi, 1964).
The losses experienced in the solid transfer procedure may be occurring

during trapping from the effluent, in transfer to the gauzes, and with the
evaporation of the sclvent from the gmuzes. When 54 =androstene wus left
overnight on a stainless steel gauze on a PIFE plate more than 90% of it was
lost. In order to-reduce these large losses a small volume of solvent should
be used for transfer Lo the gauzess Thess hydrocarbons could be trapped

even without cooling the collecting tubess In a series of 5 experiments
with no cooling arrangements the recoveries were 39.5 * 10,7 (mean * S.D.).
The results agree closely with those of Brooks & Godefroi (1964) who obtained
recoveries at room temperature from 31.2 = 40.3% of injected cholesberolel=
C=1/ using a similar type of collecting tube.

A check on the pregence of any more volatile products which would other-

wise/



35

Mean percentage raecovery * S.D.

Compownds

5P =indrostane

54 =indrogtane

Number of estimabtions in parentheses.

Products trapped with ice
and water cooling mixture:
estimation by solid transfer
to mnuuoﬁr

542 (7)

-3
o
.
L%
|+

3
-

D
-

+ 4e2 (7)

Products trapped with solid
C0o and acetone mixbture:
estimation by direct injection
as solubtion

+

8440 + 2.2 (4)

87.5 £ 2.1 (4)
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otherwise be lost during trapping and evaporstion from PIFL plate was made.
The reduction products from androsterone were trapped using a cooling mixture
of solid 002 and ascetones The products were dissolved in cyclohexane and
injected as a solution directly into the gle.ce columms The chromatograph
was temperature progranmed {rom 749 - 1&600 at ZOG/min. and then run isother=-
mellys A conbrol experiment using solid injection was also performed under
the same conditions. Ho obher producte besides those present in the control
experiment were seen. However, the injected solvent does prevent the

detection of products with short retention times.

6. MMemory ™" effect. It was noted that some compounds were retained on the
catalyst and could be subsequently eluted with injection of solvent; this
"memory ™ effect could be avoided by injecting absolute ethanol after the
reduction was completed. When androsterone was reduced at the catalyst
temperature of 200°C the mean percentage recoveries of the retained 54 and
5P -androstane by four serial injection of 10 pl. of absolute ethanol at 5
min. intervals were 9.5, 5.2, 0.9 and 0.06% of the initial samples These
meansg were derived from the results of 3 sebts of experiments.

Two urinary extracts used in routine investigations were studied
similarly following injections of 504 ethanol (v/v). The results (Table 8)
are the means from two sgets of experiments. After the third injection
virtually all the retained products were eluteds Though the injections of
50/5 ethanol inactivate the catalyst more rapidly, it was found necessary to
remove polar impurities. When analysing an unknown specimen a longer
trapring period should be allowed as the more polar compounds are rebained

longer by the catalyst (Beroza, 1962a).
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Steroids from
Urinary Extracts

Testosterone
(after paper chro-
matography)

Aetiocholanolone
(after paper chro-
matography)

Serial 10 pl. of
ethanol injections

1
2
3
4

SwWr

Percentage recovery of the
retained 5« + 5p-androstane

Te5
1.3
Ol
0.0

347
2.0
0«3
0.0
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7« Elow rates. The effect of different flow rates of hydrogen on the yield
of 54 + 5P -androstanes from 58 -endrostan=3, 17-dione were studied at the
catalyst temperature of 210°C. At flow rates of 5, 20, 40 and 80 ml./min.
the mean percentage yields were 10.0, 5542, 45.0 and 36.3%  The means

were derived from the results of three sets of experiments. An optimum
flow rate of 20=-40 ml./min. is similar to previous results (Beroza & Acree,
1964)s Under similar conditions, a higher flow rate of 60 ml./min. and a
longer trapping time of 2 minutes were required for the collection of Cpy
hydrocarbons. The percentage recoveries of 54 + 5B =cholestane from cholest=
Smene=3f -0l, cholesberol were 7.5, 12.0 and 20.3 at the flow rates of 20, 40
and 50 ml./min. respectively. These experiments were repeated twice. This

may be due to their higher molecular weights.

3. Semple size. With the present length of catalyst bed (17.5¢m.) samples
from 5 = 10 pg. were generally injected at one time. FEven as little as 1 pg.
of androsterone, testosterone and 174 -methyl=l7p =hydroxyandrost=l, 4=dien=
3-one, methandrogtenolone have given the expected products. Depending upon
their purity 30 - 40 samples could be reduced once the catalyst was charged.

About 10 = 12 samples could be analysed in one working daye.

9. Stereoigomerigation. The extent of igomerisation of C19 hydrocarbons
when passed through the hydrogenator containing catalyst at the temperature
of 170°C and 215°C was studied, and it was found that a mean of 4.1% and
5.8% respectively of 5P -androstane isomerised to 5« -androstane. The

isomerisation/



Fig. 5.

-2
P w

Sec+ 5p

Star{

Reduction products from 5 "8' of progesterone at
catalyst temperature of 180°C chromatographed on
a JXR coated column at 1409C, attenuation x 100,
The retention time of S5a~androstane is indicated
by a vertical line. For the reference steranes,
see Fig. 3.
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GeHhz CgHyy

HO
Sce + 5p

Gas chromatograms on a JXR coated column at 195°0C,

attenuation x 200 of

(A) Standard 5g-cholestane (0.50 ug.) and
Sa-cholestane (0.56 ug., indicated by

a vertical line).

(B) Reduction products of 5 ug. of choles-
:terol at catalyst temperature of 190°C.

The retention time of S5a-cholestane is indicated by

a vertical line.
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CATALYST ON THE

Compounds 180°%
Cholesterol 1.60 (6)
5o(=Chole stan=3p=ol 0.69 (4)
5p=Cholestan=3-one 1.96 (3)
Cholestwimen=3=one 1.1 (3)
54 =Sholestane 2.22 (4)
5P =Cholestane 2.37 (3)

Number of estimations in parentheses.

210%

1.63 (3)

1.13 (4)

2.12 (4)

2.05 (3)

1.50 (3)

1.29 (2)

1.09 (3)

2.00 (2)

2,00 (2)

300°¢

1.25 (2)

1.03 (2)

1.18 (2)

1.57 (2)

OQLESTANE AS

350°0

040 (2)

0.58 (2)

0.31 (2)

0651 (2)

0.23 (2)

Acid catalyst
at 130°C

0s74 (3)

0.03 (3)

1.57 (3)

2.00 (3)

0.02 (3)

0.29 (3)
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isomerisation of 54 —androstane to 58 —androstane when studied under the same
conditions were 2.,0% and 2.3/ respectively. A greater isomerisation of the
androstanes was noted before siliconisation of the glass beads used as a
support. The amount of the starting material isomerised with the unsili-
conised glass beads was 11.2% for 5P -androstane and 10.5% for 5« —androstane
at temperatures between 210-215°C. More marked isomerisation was noted with
the cholestanes (Table 9)s HNo rearrangement of these hydrocarbons to any
obther products with longer retention time was found to occur at these
temperaturess These experiments were each repeated four times.

The tracings from g.le.c. of the reduction products obtained from gome
common steroids and a sterol are presented in Figse 4y 5 & 6, The major
reacbion products have gimilar retention times to those of the parent hydro-
carbonss Ths retention time of 54« =androstane has been marked at the basce
line in the btracings of the products from androsterone and pregn-i=~en-3,
20=-dione, progesterone., The products from cholesterol, show more 5p -
cholestane compared to the 5« -cholestane, the retention time of which is
marked on the tracing (Fig. 6(8)).

When cholesberol was reduced at different temperatures the ratios of
54 to 5P -cholestanes were found to changs as is shown in Table 9. It is to
be nobiced that the amount of 5P -cholestane decreased as the temperature
increaseds When the catalyst was made acid by injections of 1N H2304 in
50% ethanol (10 pl. x 3) the results obbained with these Cpy compounds were
similar to those obtained with C19 and Cp steroids, the major product
being/



being the stable 5« isomers.

After charging the catalyst three injections of absolute ethanol and
subsequent check on the pH of the effluent probably ensured the removal of
acid sites. When this operation was not carried oub an increased isomeris-
ation to the stable trans form was noted even at low temperatures with Cjg
steroidss A similar result was also obtained when platinum chloride was
dissolved in acetic acid during preparation. This suggests that isomeris-
ation of the products wec associated with the presence of acide On some
occasions products with longer retention times than the parent hydrocarbon
were produced from Ojg steroidse The reasons for this were either an
inactive catalyst or an insufficient quantity of the catalyst in the tube,
for example when using only a quarter or a half of the usual lengbth of the
catelyst bed.

In the present investigations, the ethanol used for injection of samples
had no effect on the absolube or the relative yields of hydrocarbons because
when the hydrogenator was modified for the solid injection of the sample in
a menner similar to bthat used in gel.ce, similar results were obtained from
l9=-nortestosterone and aetiocholanolone. Similar results were also obtained

when these compounds were introduced in cyclohexane in place of ethanol.



Previously, this technique has been used mainly on more stable compounds
than gteroidss In sgteroid ges chromatography problems arising due to
decomposition on a heated metal surface have been reduced by inserting a
glass tube inside the flash heater (Wotiz & Clark, 1966). An all glase
column system and siliconisation of the surfaces have been recommended for
working at high temperatures (VendenHeuvel & Horning, 1964)e The results
obtained in the present invegtigation using the "Jarbon skeleton determinator®
suggest that heatcd metal surfaces should be minimised for reduction of
sberoids, sberols and possibly other compounds of higher molecular weight.
The recommendation of a glass catalyst tube to minimise surface catalytic
effects has been mede (Komarewsky & Reisz, 1948). This is also consisbent
with the recommendation of Beroza & Coad (1966) who have previously deseribed
alterations to the apparatus for reduction of different classes of compoundse
The results of the present investigations show that it was necessary to
redesign the entire assembly for the reduction of the relatively high mclecu-
lar weight gteroids and sterolss The present modifications of the apparatus
and the catalyst preparations have avoided decomposition of the starting
materisls; in the present studies the major reaction products have always

had the retention times of the expected saturated hydrocarbonsg,

2.7
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R+ Hvdrogenolygig.

The amounts of minor products with shorter retention times than the
saturated hydrocarbons are affected by the temperature of the catalysts AL
a catalyst temperature between 160-130°C these are present in negligible
amountss As the catalyst temperature is increased the yleld of these
products increasee linearly with the increase in the yield of the parent
saturated hydrocarbons but this has never exceeded the yield of the parent
hydrocarbong in studies with Cj9 steroids up %o a reduction temperature of
20°C, In a search for the identity of these products with short retention
times,we have noted that the major products obtained from angular C-13 or
C-19 demethylated or hydroxylated steroids (see Chapter II, 03, Table 13)
have the same retenbion times. Thus the minor products with shorter
retention times from compounds like androsterone are probably 13 or 19 nor-
sberoids. In Mige 5 it is to be noted that in the reduction products from
progesterone there are minor products with the retention times of the 5« and
5p -androstaness This could be due to the removal of the side chain from
the C~17 positions Thege products which may have lost The side chain and
the other products possibly due to cleavages at other positions in the side
~ chain are also present in the reduction products from cholesterol (Iigs 6(B)).
As the temperature is increaged, this effect is more pronounceds Such a
loss of methyl groups and the side chain from steroids is a significant
process in mass spectrometry (Friedland gyhl, (1959) and in high temperature
cetalytic reactions of several types of compounds (Beroza, 1962b; Valenta,
1963; Thomson gb gl, 1967). Beroza & Acree (1964) have compared and

contrasted/
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contrasted this method with the more complex methods of mass spectrometry

and pyrolysis.

Most of the steroids and sterols so far studied were reduced smoothly
at temperatures bebween 170-200°C and this is found to be the most suitable
range for complete reductions The results obtained with stercids at
temperatures of 170-200°C are generally consistent with the products obtained
by other types of catalytic hydrogenation using a platinum catalyst
(MeQuillin, 1963) and provide informetion regarding the chemicel structure
of the starting substances For example, the reduction of a double boad at
C=5 produced mainly the 5L -isomer whereas reduction of a double bond at C-4
yieltlied appreciable amounts of the 5P -isomer (Headler, 1955). However, an
increase of temperature changes the steric course of the reaction and favours
more of the stable 5« —=product. This change occurred at about 200°C in the
C19 and Gz steroids and at about 350°C in the Cpy series. Increased
formation of the stable 5« form at these temperatures was associated with
the formafion of products with longer retention times than the parent hydro-
carbonss This effect was more pronounced with the steroids having an
oxygen function at the C-ll peosition and with sterols at the teumperature of
35000. Such an inereased formation of the stable 5«{ form was also produced
by an acid catalyst at low temperatures of ahout 120°C. Lewis and Shoppee
(1955) have used strong acid as a promoter for catalytic reduction of sterols
and in the present work an increase in the temperature of reduction also

increased/
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increased the yield as well as altering the steric course.

In the cholestene series the structure of the starting material also
affected the yields A difference was noted in the amount of 5.4 -cholestane
produced from the compound 5« =cholestan=3 B=ol compared to that from
cholesterol ( Table 9 )s» The percentage yield of saturated hycrocarbons
from this compound was aboub 2,5 times more than those from other compounds
and a comparabively smaller amount of other preducte with shorter retention
times than the parent hydrocarbons were obtaineds The amount of the
product with a retention time of 0477 relative to 5« =cholestane running
before 5P =cholesgtane (Fig. 6(B)) ués mach less with this compound; this
product was absent at reduction temperatures above 270°C and also after the
use of an acid catelyst with the compounds mentioned in Table 9 both
procedures leading to more of the stable 5o« -isomer. The concept of
catalyst hindrance (Linstead, Doering, Davig, Levine & Whetstone, 1942) the
effects of the bulky nature of the angular methyl group (Robinson, 1957)
and the nature of the substituents at C=3 position (Lewis & Shoppee, 1955)

mey be important, at least in part, in explaining these findings,

The choice of the proper catalysts and supports has been found to be
important, The prescnt results suggest that a highly active catalyst on
an inert support is the best combination. It was interesting to find that
platinum metal coated on Chromosorb P did not give better results than

those/
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those obtained from palladium or nickel on the same support but when glass
beads were substituted as a support for plalinum, the results oblained were
gsatisfactory. Thermal decomposition of the pesticide 'Fndrin' during gas
chromatography was found to be due to surface active sites on the diatomaceous
earth supports; glass beads, were free from such active sites (MacDonall &
Eaton, 1963)s In the present studies it was also found desirable to deacti~-
vate the glass surfaces by prolonged treatment with dichlorodimethylsilane,
The use of platinum coated on porous glass at lower temperabtures has also been
found superior to palladium for reducing ketones, alcohols, elhers, acids and
anhydrides (Beroza, 1962b), Palladium coated on glass beads was found unse-
tisfactory by previous workers (Thompson et gl, 1962).

The diatomaceous earth supports, Chromosorb P and Gas Chrom P, gave
products which were not clearly separables This could be due to the pro-
duction of both saturated and unsaturated products by these agents in agsoci=-
abion with the metal catalysts. When acid washed Chromogorb P alone was
used, products corresponding to the saturated hydrocarbons were seen along
with other products with longer reteation timese The removal of hydroxyl
and acetate groups by Chromosorb P (Botkher & Meiljer, 1961l) and the catalytic
activity of such chemically treated diatomaceous earths (Komarewsky & Reisz,
1948) have been described.

6. MMemorv e
Systens.
The absorption of the reduced products on to thé cabalyst bed is notice=

able/
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able especially with the polar compoundss In a continuous catalysis and
chromatographic system as described by the previous authors, such a slow re=
lease of the reduced products has been overcome by the selection of a proper
support for the catalyst (Beroza, 1962b) and by injection of pelar liquid and
then leaving the system to clear (Walker, 1966). In the present investiga=
tions as the catalysis and the chromatographic operations are separate, the
removal of the products can be more satisfactorily completed by means of
injections of polar solvents after each reduction. In the present system
no modifications have to be made Lo the gas chromatograph eand an inert gas
cen be used as usual for the carrier. Thompson gt gl. (1967) working with
many low molecular weight hydrocarbon products have also found separation

of the processes tc be useful for the synthesis of reference hydrocarbons

from available aromatic compoundss



F, SUARARY

l, A method has been developed for the complele reduction of microgram
quantities of steroids and sterols to their parent hydrocarbonse The
modified apparatus consists of a siliconised glass tube containing platinum
catalyst coated on siliconised glass beads. The procedures for preparation
of the catalyst and deactivation of the surfaces have been modified.

2. A slow stream of hydrogen at 20-30 ml./mine is passed through the
heated catalyst containing tube and the samples are injected inlo the
catalyst bedse The reduction products are trapped for analysis by gas-
liquid chromatographye

3¢ The effect of a nuaber of facltors involved in the mebhod have been
investigated and its reliability has proved satisfactory.

L+ Complete reduction of many steroids and sterols could be reproducibly
achieved at catalyst temperatures of 170-190°C. The yields were generally
related to the structure of the starting material; about 505 of mono=
oxygenated compounds were recovered as hydrocarbons whereas only 5=104 of

trioxy compounds were recovereds
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Gl ; o

Many advances in steroid biochemistry have depended on chromatography

which has made possible the separation of large numbers of closely related
compoundse. Chromatographic techniques have also been used for the tenta=
tive identification of such biological products in microgram quantities.
Paper chromatography has been developed by Bush, (196la) Fdwards & Trafford
(1968); gas~liquid chromatography by Knights & Thomas (1962), VandenHeuvel
& Horning (1962), Brooks & Hanaineh (1963), Hartmen & Wotiz (1964}  Thin-
layer chromatography hes elso been useful (lLigbos & Diczfalusy, 1962; Moss
& Rylance, 1967). In some steroid drugs the contributions of the functional
groups to chromatographic mobility on thin-layer have been evaluated (Hare &
Mibe, 1963). Using such techniques, the nature and position of functional
groups on the steroid skeleton cen generally be delermined. However, the
identification of the hydrocarbon skeleton to which functional groups are
atbached has been difficult.

The parent hydrocarbons of a.number of sterolds and sterols have been
obtained using high temperature catalytic reduction as described in the
previous chapters In the present chapter the application of this method to
steroid drugs and related compounds on a microgram scale is described. The

yield s/
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yields from these compounds are presenteds The reduction products of
steroids with the same carbon skeleton have identlcal retention times.
However, the different carbon skeletons produced in the present studies

could be separated from each olher by gele.c.
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Systematic name

17d=nethyl=17B=hydroxyandrost=L,4=
dien-3-one

17d=nethyl=118 ,17p=dihy droxy=I«-
fluoroandrosb-4=en-3=one

174=nethyl=R2=~hydroxymethylene=
17p=hydroxy-5d-androstan—3-one

174 =mebhyl=s,17p=dihydroxy-=
androsb=4~en=3~one

H.w&lamdg.u.lwqugmﬂoﬂwggwo gb=-
l~en=3=0ne

1 p =nethyl=17p=hydroxy=5d=androgtb-
l~en-3-one

174=ebihyl=17P=hydroxyoe stra=/=en-
3=one

174=methyl=178=hydroxy~5d-androstan=
3, R2c=pyrazole

Official name

METHANDROSTENOLONE

FLUCXYME STERONE

OXYMLTHOLONE

OXYMESTERONE

L7-METHYLTE STOSTERONE

METHENOLOCIE

HORETHANDROLONE

STANOZOLOL

Hydrocarbon sgkeleton

17{=nethylandrostane

17o{=nethylandrostane

17(=methylandrostane

17«{=methylandrostane

1l7«=methylandrostane

1 A-methylandrostane

17L=ethyl=19=norandrostane

17q=nethylandrostane=3,2c=

pyrazolidine

contd,.
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Systematic nanme

174=ethynyloestr=i=en-3p,L7P-diol

174=ethynyloestr=5 (10)=en=l7f=o0l=-
3-one

174~ thynyl=17B=hyAroxyoe st/
en=3=one

17« -ethynyloestra=l,3,5(10)=trien-
3y 17p=diol

17L=et l=3=nethoxyoecstra=1l,
3,5(10)=trien-17p-o0l

bd=nebhyl=17d=aceboxypregn=,4=cn=-
3520=-dione

Gemethyl=17L=ace boxypregn=; o=dien=
J9 20-dione

164=nethyLpregn=/4=en=3,20~dione

b=chloro=17{-a.cetoxypregn=/,6~dien=3,
20=-dione

Official Name

ETHYINODIOL

NORETHYNODREL

HORETHINDRONE

ETHYNYLOESTRADIOL

MESTRANOL

MEDROXY PROGESTERONE
ACETATE

MEGESTEROL ACETATE

16=/1CTHY LPROGESTERONE

CHLORMADINONL ACETATE

Hydrocarbon skeleton
19=-norpregnane
19-norpregnane
19-norpregnane
19-norpregnane

19=-norpregnane

64=methylpregnane

6=nethylpregnane

164=nethylpregnane

pregnane
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1. Materislg.

The steroid drugs which have been studied are shown in Table 10. This
table contains the systematic names, the official names listed in the 3th
edition of the Merck Index and the carbon skelebon upon which the drug is based.
It should be noted that many drugs possees bthe same carbon skeleton; for
example, 17« -methylandrostane for the anabolic steroids and 19-norpregnane
for the progestational agentse. IU is also of interest that only one of the
17 compounds listed, 'chlormadinone acetate'y, has the same pregnasne carbon

skeleton as naturally occurring steroids, in this example, pregnane.

2 L i ) A m_bab .

Some compounds were oblained by chloroform extraction from teblets.
The tablets were made into a suspension in 2 ml. of distilled water and
exbracted with 5 vol. of chloroforme The extract was washed repeabedly with
distilled water until clear, drizd by filtration through a small quantity of
anhydrous sodlum sulphale, end e¢veporated %o dryness. The extract was
dissolved in absolube ethanol al a steroid concentration of approximately

lng./lnl. In such cases no precise quantitative results could be obtained;

where relevant, this is noted.

The steroids were subjected to high temperature catalytic reduction as

deseribed in the previous chapter. The catalyst, 1=3% w/w platinum coated

on/
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on glase beads, was used at 170-200°C unless otherwise noted. The
products of reduction were studied by gelece on colums coabed with 1% w/w
SB=30, 1% w/w NGA end 1% w/w JXR unless otherwise statede The major
products, generally two in number, have retention times and yields listed
in the tables. Retention time data is given relative to 5« -androstane
or 5L ~cholestane. The coefficienlt of variation for a single relative
retention time was about 17 (see Chapter I, B3 Table 2). Since the means
quoted are generally from four or more determinations, errors would be

correspondingly reduced.

4e Heaguronent of bhe productg.

For quantitation a minimum of three observations was used throughout
the worke The amounts of products were estimated by planimetry (Allbrit
Planinmeter, ingland) of the peak areas from the gel.ce tracings and
expressed in terms of weight relative to the most closely related available
pure sberane., For example, androstane was used as a standard for the
"methyl® or "norandrostaces®, When external hydrocarbon standards were
avallable estimations were done by comparison of the peak heights as in
earlier experiments. The yields given in the tables are the amounis of
major products expressed as a percentage of the stariing material. The
major product is identified in the tables by The letter "4" after its
relative retention time; when the peak areas were approximately equal,
no comment has been addeds

From the results obtained in the previous chapter it can be concluded

that/
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that the high temperature catalytic reduction produces psrent steranes from
a number of naturally cccurring sterolds and sterols. In order to simplify
the description and discussion of the results, the reduction products with
identical retention times derived from compounds with identical hydrocarbon
skeletone are described as parent steraness The use of the method does
not, however, depend upon the correctness of this assumption which seems
justifiable from all the available evidence, but only upon the identical

retention timese
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Reduction products from 5 ug. methyltestosterone,
catalyst temperature 180°C, chromatographed on an
SE-30 coated column at 1509C; attenuation x 500.
The retention time of 5a-androstane is indicated
by a vertical line.
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Although there are a large number of stercids and sterols, these compounds
are based upon a small number of parent hydrocarbons or steraness This is
true for naburally occurring compounds and even for the gymthetic steroid drugs
as shown in Table 10, Thus reduction to the carbon gkeleton is a simpli-
fication which has been achieved by the present method. The relative reten=
tion times of the reduction products of steroid drugs with the same curbon
skeletons are, as prediclted, identical. This is shown for the anaboliec
gteroids by the results in Table 1l.

Four anabolic steroids with a l7-methylandrostane skkeleton, methyltes-
tosterone, methandrostenolone, oxymctholone and oxymesterone, were reduced to
products with the sgame retention times on SE=30 and on NGA coated columns.

The other four compounds have similarly given the expected productse The
gelece tracing of the reduction preducts from l?-methylteatostermui}uﬁsented
in Fige 7.

The main reduction products of the heterocyclic anabolic steroid
stanozolol had a rebention time somewhat similar to that of cholestane
(Table 11); this product did not correspond to a "methyl androstane™s Al-
though Beroza (1962b) found that high temperature catalytic reduction
removed amino groups, Thompson gb ale. (1967) found that high temperatures
and a speclal catalyst were necessary to remove nitrogen from the carbazole

rings It, therefore, seems probable that the pyragole ring in stanozolol

was/
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Official name

17-nethyliectosterone
Methandrostenolone
6B=hydroxymethandrogtenolone +
Oxymetholone +

Oxyme sterone x
Norethandrolone

Hethenolone

1L=hydroxy=3p-acetoxyandro gt
5-gn=l7-one +

3B,15p,17P-brihydroxyandrost=-
5ene

Stanozolol

Mean % yield

20,0
17.8
ca 15
12.5
Cole5
1643

beS

649

7.1
4eT

* rpelative to 5{=cholestane at 210°C.

M = Major product

I e = T

Retention times of products
relative to S«{=androstane

=30 colum
1.28 L1.45
1.28 Lo45
1.28 145
1e28  1.45M
1.28  L.45M
1461 1.60
1.49

1.004 .38
1.00  0.88
1.03%

NGA column
1.19 1.31
1.19 1.31
1.19 1,31
1.19 1.31M
1,19 1.314
1.30M 1.46

1.48

1.00H 0,88

1.00M 0,88
0.81%
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Fig. 8. Reduction products from 5 ug. ethynodiol, catalyst

temperature 180°C, chromatographed on an NGA coated
column at 1500C, attenuation x 200. The retention

%ime of Sa~androstane is indicated by a vertical
ine.
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was reduced to pyrazolidine and retained as part of the skeleton.

4 number of progestational steroids showed reduction products with
identical relative retention times in a similar fashion to the anabolie agents.
For example, three commonly used progestational agents with 19-norpregnane
skeletons, ethynodiol, norethynodrel and norethisterone, as well as the
oestrogens mestranol end ethynyloestradiol, were reduced to products with
identical retention times (Table 12)s The gel.cs tracing of the reduction
products of ebthynodiol is shown in Figes 8. It should be noted that the
product with a relative retention time of 1.60 on a NGA coated colum was
detectable in all cases, but relatively large amounts were obtained only
from megtranol and the impure norethynodrel. The interpretation of these
patterns is complicated by the possible rearrongementss Many of the drugs
studied possess an 17£-ethynyl side chain which may be rearrasnged to the more
gbable 17 -ethynyl side chain during reduction (Fiestr & Fiestr, 1959b).
However, Rapala & Farkas (1958), and Layne, Golab, Arai & Pincus (31963) have
ghown nc alterstion of the 17« =cthynyl side chain during reduction. In

the present study no drug with 17p -ethynyl side chain wes aveilable for

comparison, so no conclusions have been made.

The 18- and 19=hydroxy sterolds were reduced, as predicted from the
work of Beroza (1962b) and that of Thompson et al. (1967) on simpler compounds,

larzely/
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Official Name

Mestranol

Tthynodiol

Norethisterone *
Norethynodrel +
Ethaynyloestradiol
Megesterol acetate
Medroxyprogesterone acetate
1l6=-nethylprogesterone
Chlormadinone acebabe
Progesterone
174-hydroxypregn=4=cn=3,20=dione
Pregnenolone
5d=pregnane=3,20-dione
5p=pregnane=3,20=dione

x tablet
+ impure

15.2
3.1

13.6
17.5
19.2

Retention times of products
relative to 5« =androstane.

SE=30 column
1.41  1.55
1.41 1.55
L41M 1.55
141 1.55
L.41 1.55
2.50M 2.30
25011 2430
243 2479
2.01 2.27
2,01 2.27
2,01  2.27

2,27

2.27
2.01

NGA column
1.34  1.53 1.60
l.344 1.53
1344 1.53
1.34 1.53 1.60
1.3410 153
Re25M 2.61
24251 2461
Re04 234
1.36  2.13
1.36 2.13
1.86 213

2.13
2.13
1.36
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largely to the corresponding M3« or 19-norsterenes®; only about 1l.5% of the
sbarting material was recevered as the parent hydrocarbons. The relative
rebention times of the reduction producte from 3-hydroxyoestra=l,3,5 (10) -
trien=l7-one, oestrone and oestra=l,3,5(1l0)-triene=3,17=diol, ocestradiol

are similar to those frem 17 -=hydroxy-l9-norandrost-4~en-3-one and 19-aydroxy
androst=i=en=3, 17-dione (Table 13). Similarly, 3 hydroxy-ld=ncrandroste
5=-en=l7-one, li-nordehydroeplandrosterone; 38 , lo=-dihydroxyandrost=>-en=-17-
one, li=hydroxydehydroeplandrosterons; 17 , lo-dihydroxyandrost=je~en=3-one,
18-hydroxytestosteronc; 3 B, li-dihydroxypregh-5=en-20-one hemiacetul, 18-
hydrexypregnenolone hemlacetal and 11p, 2l-dihydroxy-3, 20~dloxypregn=i=en=
18-al, aldosterone are reduced to similar products.

Albhough ebhynyloestradicl wms reduced completely (o the expected products
the reduction products from cestradiol and oestrone gometimes included products
with a relention timesintermediete between androstencs and pregnanese The
retentlion times o these products relalive Lo 5ol =androstane were generally
1,11, 1,17 and 1e54 on SE=30 colum and in some cases were the major productes
It seems jusbtifiable Lo conciude from this evidenes that the aromatic A ring
was nore difficuli to reduce than the isolated double bondes; thig is conel
tent with studies on some naphthalene derivetives by Berozo (1962b)s

3 [3 ~aceboxy=2t-norcholesb=j=an=25-00¢ was also reduced to the expected
productss On an NGA column st 220%C the products had rotention times

relative to 5« =cholestane of 0,77 and 0.85. The yield was 15.17%

Reduction/



61.

Compound Mean % yield Retention times of products
relabive to S54=-androstane

SE~30 column HGA column

19-nortestosterone De3 0469 0.60
19=hydroxyandrost-i=en-3,17-dione 847 0469 0.60
Oestrone 642 0.69 0.60
Oestradiol-17p 646 0.69 0.60
13-nordehydroepiandrosterone 11.1 076  0.33 0.73 0.80
15=hydroxydehydroepiandrosterone A 0.76 0,33 0.73 0.80
13=hydroxytestosterone 2.8 0.76 0.33 0.73 0430
13-hydroxypregnenolone hemiacetal 22 0.76 0.83  0.73 0,80

Aldosterone 0.9 0.76 0.33 0.73 0.80
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Fig. 9. Reduction products from 10 ug. cortisol, catalyst
temperature 1909C, chromatographed on an SE-30
column at 160°9C; attenuation x 100. The retention
%}me of Sa-androstane is indicated by a vertical

ne.
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Reduction of the corticosteroids, 11P, 17K, 2l-trihydroxy-pregn=i—en=3,
20=-dione, cortisol; 11P, 2l-dihydroxypren=-i=ene-3, 20-dione, corticosterone
and 2l=hydroxypregn-i=ene=3, 20-dione, deoxycorbticosterone, with highly
oxyzenated side chaing produced aboub 1=3% of the parent pregnanes and about
5«107 as androstanes (Table 14). lHowever, peak areas of about 34=95% of
the major peak area appeared ag products with retention times relative to
S5{=androstane of 1,40 and 1.56 on an NGA cosbed column. In contrast to the
products from the majority of steroids and sterols, there was a complex
patbern of reduction products from corticosteroids (Figs 9).

The yield of reduction products from the corbicosteroids was more
variable than from compounds like progesterone and the l7-oxosbteroids; the
coefficient of varistion for a single observation was about 5-10/ for 17-
oxosteroids in contrast to 30-505 for corticosteroidse However, the major
reduction products were generally the androsbanes and the parent hydrocarbon

could always be detecteds

5e &d tg of Bi cidse

The carboxyl group in the bile acids was reduced in low yield. Reduction
products with relative reteantion timep identical with those of 5« =cholane
were always detected after reduction of bile acidse The compounds reduced
were, 3d 5 12d =hydroxy=~5p =cholenic acid methyl esber, methyldeoxycholic
acidy; 3«y Td=hydroxy-5p =cholenic acid, chenodeoxycholic acid; 3« , 7o,
12« =hydroxy=5 § =cholenic acld methyl ester, methyl cholate; 3p =hydroxy-5-
cholenie acid; 3« =hydroxy=5pB-cholenic acid, lithocholic acid; 5B =cholane-
7-one at catalyst Lemperature of 20000 and 21000. From all these compounds

except/
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Compounds

Cortisol

Corticosterone

Deoxycorticosterone

Hean % yield of
5£ & 5P =pregnanes

1.9

2.6

2.0

Retention times of products
relative to 5Kk-androstane

SE=30 colum NGA column

1.008 0,88
2.01 227
1.00M 0.38
2,01 227
1.00M C.38
2.01 227

1.00M
1.36

1.00M
1.36

1.00M
1.86

0.38
2.13

0.88
2.13

0.38
213
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except 5P ~cholane~7~one, the parent hydrocarbons were the minor products re-
presenting less than 17 of the starting materisl; the major products had
retention times relative bto 5« -cholane of 0466 and 0.75 on a JXR coated
column (195°G) end on an NGA coabed colum (18500) regpectivelys 58~
cholane-7-one under similar conditions gave about 107 of %5 o -cholane® with
a small quantity of other products. The retention time of 5« =cholane
relative to 54 =cholestane was 0.45 on a JIR column. From the work of

Beroza {1962b) it was expecbed that the major products would have lost the

C=-24 carbon atom.

Two products which behaved like the parent hydrocarbons were obtained
from a Ggg compound, 4o 5 4B 5 L4d =trinethyl=5« =cholesta=3, 2%4=dien=-3pB -ol,
lanosterol., The retention times relative to 5« =cholestane of the major
reduction product on JXR (190°C), HGA (2109C) and SE-30 (230°C) colums were
1.63, 1447 and 1.53 respectively and the yield was 8.2% The reduction
products when chromatographed on thin-laoyer with the solvent gystem chloro-
form-acetone (9:1 v/v) had the Ry values of 0.65 (major component) and 0.48
and did not absorb ultraviolet light (254 L MAXe ) o Lonosterol under
similar conditions had an By of 0.4l and showed week u.v. absorption. In
gelecs using an SE=30 colum (230°C) standard lanosterol contained two peaks
with retention times relative to 54 =cholestane of 2,37 and 3.17 (Major).
The two reduction producte with relative retention times of 1.67 and 1.87
could have arisen from the impurity present in the standarde. When the log

relative/



Column 1% JXR at 190°C
50,

stane

Tog. retention time relative to 5a-Chole

24 26 28 30

18 20 22
Carbon number

Fig. 10. Relationship between carbon number of steranes
and their relative retention time using iso-
:thermal conditions for gas chromatography.
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relative retention time of the major product was plotted against carbon
number it lay near the same straight line as the other steranes (Fige 10).
Furbher confirmation for the reduction of the inert A 3(9) double bond
(Doree, McGhie & Kurzer, 1943) would be possible from the mass of the parent

ion which could be obtainesd by mass spectrometry.



D.

Using the present method, products with the retention times of the
parent sterones were always debectable and werc generally the major producis.
The different steranes from the compounds Uyg Yo Ogg were separated by gel.ce
and these geparabions were in most cases goodes Products which had different
numbers of carbon atoms were clearly distinguished; as expected, the log
retention times were approximately lincarly related %o the carbon number as
shown in the Fig. 10s The result agrees with the findings of Vandeniieuvel
& Horning (1962). It should also be noted that different structures with
the same number of carbon atoms were also separables The "lS-norandroctanes®
were separated from the "19-norandrostanes™ (Table 13). “l?—methyiandrostanes“
were separable from "l-methylandrostanes™ and "6-methylpregnanes® from "16-
methylpregnaenes® (Tables 11 & 12).

The amount recovered as sberancs varied with the structure of the
starting materials Recoveries were reduced by extra substituents, for
example, hydroxyl groupse This is illustrated by the yield of 20% from 17-
methyltestosterone compared to 645% from oxymesterone with an extra hydroxyl
group at posltion 4.

The pogition of a methyl group could have an importunt effect on the
yield, The'recovery of steranes from l7-methyltestosterone wag similar to
that from testosterone whereas from methenolone with a l-methyl group only
4e8% was recovered, In this compound the l-methyl group may hinder the
reduction of the double bond at C-l (Djerassi, Riniker & Riniker, 1956).

This/
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This double bond was readily reduced when relatively unhindered as in methan-
drostenolone, ethynyloestradiol and mestranol (Tables 11 & 12).

Uging the present method, various groups could be reduced or removed
from the carbon skeleton. Hydroxyl or kelone groups were readily reduced;
fluoro and chloro substituents, at C-9 and J=6 respectively, could be
removed, although fluoxymesterone only yielded small amounts of "l7-mebhyl=
androstanes®, about 3% of the starting material, with significant quantities
of other products with shorter retention times which were the major products.
The retention times relative to Sd-androstance were 0,93, 0458 and 0.42.

These products in contrast to the hydrocarbons had not sharp pesks. However,
it must be emphasised that "1l7-methylandrostanes™ were produced from fluoxy-
mesterone as from the other anabolic steroids with a "1L7-nethylandroctane®
gkeleton (Table 10).

isber and ether linkages were readily splite Double boads at various
positions, 1, 3, 5 and 5 (10) were readily reduced.After reduction of hydroxyl
groups at verious positions, the parent hydrocarbon was always detectable;
steroids with hydroxyl groups at positions 1, 2, 3, 4y 6, 7, 11, 12, 15, 16,
17, 13, 19, and 2L were successfully reduceds The position of the hydrexyl
groups did not generally affcect the preoduction of a single major product
corresponding to the parent hydrocarbon except where the hydroxyl grcup was
in & terminal position, for example, C=13, C-19 or C~2l. The R-hydroxy-

methylene group was removed from oxymetholones



Using the present technique crude fractions can be shown to contain
steroids.- Thus at a very early stage in work on the isolation and ldentifi-
cation of unknown natural products evidence of a sterane hydrocarbon skeleton
can be obtained (Chapter III, Section I)s It is difficult to assess the
importsnce of this from the literature because mistokes are rarely acknowledged;
although caffeine has been recognised as a source of confusion (Nishizewa &
Fik Nes, 1963).

The results of the relative retention times in the present study show
that the steranes are not difficult to separate, and even belblter resulis have
been obtained on columns coabed with 17 w/w OV-l7 (phenyl methyl silicone =
50% mole phenyl). The separation factors of 5P : Sd=androstane and 5B: 5d=
pregnane at the coium temperatures of 150%¢ and 180°C were 1.15 and 1.22
regspectively. Thus many steroid druge and their mebabolites with carbon
skeletons which do not occur in nature, should be detectablee Although O=
mebhylation is e significent pabhwey of drug catabolism (Parke, 1963a) it
is quantitatively unimportent for steroids. In addition, methoxy groups
are removed by the present method as are additionel hydroxyl groups.

The gtability of the carbon skeleton will be important in determining
the sensitivity of the method. IHowever, even the highly unstable corti-
costeroids yield about 1% as parent pregnanes. Since the flame ionisation
debector is highly sensitive and losses of hydrocarbons even on present

columne are small, corticosteroids should be detected in quantities down to

10 pgs/
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10 pg; correspondingly smeller amounts of more stable sterolds should be
detectable, Thus normal therapeutic quantities of some steroid drugs

can be adninistered and the melabolites detecbed, in conbrast Lo the large
doses previously necessary (ingel, Alexander & Wheeler, 1953; longone,
Segaloff, Fried & Sabo, 1961)s The mebabolism of normal therepeutic quan—
titles of some sberoid drugs can be studied without the difficulties of
obtaining pure redioactively labelled compounds and the potential dangers

of their use in man (Chapter IV).
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Fe SULARY

1. Uarbon skeleton chrometography of steroids and sterols from 0y to C3g
was carried out following high temperature catalytic reduction on a micro-
grom scale. Steroids with the same carbon skeleclon were reduced to products
with the same relative rctention times on gas chromatographys. The 'parent
stersnes! from many sgteroid drugs could generally be distinguished from the
carbon skeletons of the naturally occurring sberoidse About 5-20% of the
gbarting material could be recovered as steranes. Aithough ths yield from
any one compound was reproducible, the recoveries were generally dependent

on the position, nature and number of substituenis in the starting malerial.

2 Expecbed products were obtained from anabolic and progestational steroid
drugs as well as related compounds for example the 0=18 and C-19 hydroxylated
and norsteroids. Lanosterol was slso studieds Corticosteroids and bile

acidg gave the parent hydrocarbons as the minor reduction productse.






A, CII

In urine from infants of 1-3 days old, a large number of steroid and
steroid-like compounds are present which become undetectable after the first
6 months of 1ife (Mitchell, 1967). One such compound was isolated and bthe
fraction in which it was the major component was initially called U2 1In
its structural identification as 16P -hydroxydehydroepiandrosterone
(Shackleton, Kelly, Adhikary, Brooks, Harkness, Sykes & Mitchell, 1963), the
recognition of the steroid skeleton and the pattern of reduction products
were useful.

The present section deseribes the application of the method of high
temperature catalytic reduction to the characterisation of U2 The uses
and limitations of the present method in the identificaﬁion of compounds of

biclogical origin are discusseds
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B. B e THODS

The method described in Chapter I was useds The reduction temperatures
uged were 1900(.‘-, 200°C, 210°C and 220°C.  The samples were dissolved in O.l
mle. of absolute ethanols 10 pl of this solution was generally used for

reduction at one time,

1. Habure of the gamplee

About 100 pg. of U2 obtained by the method of Shackleton gt gl. (1968)
wes used for the present study. At the start of this investigation, the
microchemical snd chromatographic evidence for the structure of the major
component of the fraction were: (a) it was unstable in gel.ce (b) it produced
colours in the Zimmermann and blue tetrazolium reactions (c) on te.l.ce it was
more poler than 3B, 2l=-dihydroxypregn-5=en-20-one and less polar than %ﬂ, 17
2l-trihydroxypregn-5=en=20-one (d) it probably contained 3f » 16« =dihydro-
xyandrost=5=en=17~one, lbd-hydroxydehydroepiandrosterone or 34, 17p =dihydr=

oxyandrost=5=en=16=one, lo-ketoandrostenediol as a contaminant.



Fig. 11A.

Reduction products from 5 ug. 16a~dehydro-
:epiandrosterone, catalyst temperature 200°C,
chromatographed on an NGA coated column at
1500C; attenuation x 100. The retention time
of S5a-androstane is indicated by a vertical

line. The start of the chromatogram is from
the right side.



The reduction products of UR at 200°C congisted of 5{=androstene end
5d=pregnane with other products having retention times relative to 54-
androstane of 0433, 0.34, 0.73 end 0.,30. The products with the relative
rebention times of 0.33 and 0.34 were obtained regularly from the 16, 17-
dioxyandrostane derivatives (Table 15, Fig. 11i)e. Similarly, the products
with the relative retentlon times of 0.73 and 0.30 were obtained eongigtently
from 13-hydroxylated or l3wnorsteroids (See Chapter II, C3, Table 13). The
reduction patterns from U2 were similar to 16, 1l7-dioxyandrostane derivatives
plus 13-hydroxy or lS-norsteroids. The presence of the two sberanes,
androstane and pregnane suggested that U2 was similar in structure to the
thermally unstable corticoids like BP, 21 =dihydroxypregn=S-en-=20-one and
aldogterone; in addition it was slready known that U2 probably contained a

eontaninant® 1&(-hydroxydehydroepiandrosterone or lé-ketoandrostenediol.

ynknoyn

After repeated separation by Ue.l.c. about 50 pge. of a purified sample
of U2 was obtaineds The reduction patlerns at a catalyst temperature of
200°C are presented in fige. 11B. léﬁ-hydroxydehydroopian&rosterone contain-
ing a small amount of 16 =ketoandrostenediol was also obtained; the
reduction patterns are presented in Fige 110, The patterns are similar but
not identicale Two minor products with retention tinmes relative to 5« =
androstone of 073 and 0480 were still presente. These products were
similer to thoge obtained from lo-hydroxy or li- norsteroids. Irom these
results/



Fig. 118,

Reduction products from about 5 ug. of
purified compound U2, catalyst temperature
2009C, chromatographed on an SE-30 coated
column at 1509C, attenuation x 100. The
retention time of Sa-androstane is indicated
by a vertical line. The start of the chroma-
:togram is from the right side,
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Cempound

164&=hydroxydehydroepiandrosterone

16p=hydroxydehydroepiandrosterone +

3p,16d,17p=trihydroxyandrost=5=ene

3p »17p=dihydroxyandrost-5=-en=16-one

+ inmpure

Mean % yield of 54 Retention times of products
& 5P-sndrostanes. relative to 5{-androstene.
NGA colum
548 0.88 1.0Q1
0.33 0434
6¢5 0,38 1.00M
0.33 0434
547 0.38 1.00M
0.33 Oe34
640 038 1.00M
0.33 0e34
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Fig. 11C.

Reduction products from about 10 ug. 168-dehydro-
:epiandrosterone, catalyst temperature 200°C,
chromatographed on an SE-30 column at 1509C;
attenuation x 1000, The retention time of 5a-
androstane is indicated by a vertical line. The
start of the chromatogram is from the right side.
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results it was concluded that the hydrocarbon skeleton of the major
component of the purified sample of U2 was androstane end that this component
had similar properties to 16, l7-dioxygenated androstane derivativess The
minor component could be a li-hydroxy compound possibly of the Gy seriess
The characterisation of the major component in U2 as a 16, 1l7-dioxygenated
androstane was consistent with other findings (Shackleton g gl, 1963).

The minor component of the purer fraction probably with an 1lS5-hydroxyl group

has not been detected by other techniques possibly due to its instability.

No further sbudy has been made of this components

In the compounds with adjacent hydroxyl and ketone groups at C-16 and
C~17, the parent hydrocarbons were the major products; in addition, two
other products with short retention times were regularly produced, (Fig. 114,
11C & Table 15) possibly by hydrogenolysis (Thompson et gl, 1967)e These
two products could be more easily lost during solvent evaporation than the

parent steranes.
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D. DLSCUSSION

After purification of the extract ths hydrocarbon skeleton of the major
component wag androgtane; pregnasne was not detectable but two products
similar to those obtained from 1l3-hydroxylated compounds were present as
minor components (Fize 11B)s Since, many of the unstable corticoids give
about 1=37 pregnane after reduction (Chapter II, C4) small quantities of
corbicoids might only be detectable as androstones The losses on geleCe
and on telece in the further purification also suggested instability of the
other component or components of the initial extract. l8-hydroxyandrosterone
and l5-hydroxyaetiocholanolone have been isolated and identified in the
urine of adults (Pukushima, Bradlow, Hellman & Gallagher, 1962); these
compounds were probably derived from hepstic melabolisme The presence of
such compounds in infants' urine has not been reporteds The isolation and
identification of li-oxygenated compounds have been difficult (Simpson, Teitb,
Wettstein, von *uw & Reichstein, 1953; Loke, Marrian & Watson, 1959). It
theréfore seeng justifiable to suggest that the initial extract may have

contained an unsbable l3=hydroxylated pregnane derivatives



Ee SULARY

l. The hydrocarbon skelebon of an unknown compound, U2, from 1 %o 3 day-old
infant urine was characterised using the method of high temperature catalytio
reduction. On reduction the sample before repeated t.lece gave androstanes
and a small quantity of pregnanese The reduction patterns of U2 were
similar to those from 16-l7-dioxygenated androstane and li-oxygenated ster-

oidse

2. The purified fraction wag reduced mainly Uo androstane without pregnane ,
The characteristic products from 16, l7-dioxy-androstane compounds were
prominents. The products from l8<-hydroxylated steroids were just detectable.
This suggested that the major component of U2 consisted of a l6=17-dioxyane=
drostane derivative. This evidence was consistent with its final identifie

cation as 16P-hydroxydehydropiandrosterone.
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Ao LULRODUCTION

The excretion of 5p-pregnene=3d, 174, 20 ~triol, pregnanectriol by
women is increased during pregnancy (see Harkness & Love, 1966a); this
increase is not observed in mothers with anencephalic foetuses in whom the
foetal adrenals are atrophic (ilarkness & Love, 1966b). This ovidence
suggesbed that the rise was connected with the foetal adrenal cortex. Preg-
nanebriol excretion in a mother with a foetus later shown to have a steroid
A-hydroxylation defect waeg therefore studied.

In the present investigation the structure of the "aetiocholanolone®
cbtained in the final extract from this melhod was examined in debtail to
prove the specificity of the method for urinary pregnanetriol when used on
the complex mixbure of steroids thal are present in pregnancy urine. The
method includes vieinal glycol oxidation; the aetiocholanolone finally
formed from pregnanebriol is measured. Evidence of a 5ﬂ'-androstane carbon
gkeleton with a 17-ketone and an unhindered hydroxyl group were obtained;
the quantities of 5P -androstane precursor approximabed to those from gelece

of the unmodified aetiocholanclone,.
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Be MATE > AND METHO

The extracts containing setliocholanolone derived from pregnanetriol in
pregnancy urine were obtained by the method of Harimess & Love (1966a).

Zimmermann colour reaction was performed as described in Chapter I,
B34

High temperature catalytic reduction was done at 170°C. The extracts
were dissolved in O.1 ml. of ebsolube alcohol; 30 jpl. each of this solubion
wae used for reductions The reduction products were anslysed by ZelecCs
uging SE=30 and NGA columns at 150°C. The parent steroid of the neutral
extracts were chromatographed on a 1% w/w QF=l (trifluoro propyl methyl
gilicone) column and the &£-30 column. Serial "quantitative" estimates of
the 5p -androstane precursor were obtained from reduction of known amounts
of aetiocholenolone in the same batch as the extracts, that is an 'internal
standard'.
Acatylation. The steroid residues were treated with 0.3 ml. of acetiec
anhydride end 0.2 ml, of pyridine. The reaction mixtures were left over-
night at room temperature. The reagents were removed by a stream of
nitrogen; the steroid residues diluted with 5 ml. of distilled water and
extracted twice with 1 vol. of distilled chloroforms The chloroform extracts
were washed with 0.1 vol. of distilled water until the washings were neutral;
filtered through anhydrous sodium sulphate and evaporabted to dryness at the

waterbath temperature of about AOOG using a blast of filtered air.
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The yield of hydrocerbons from the sbandard aetiocholanolone was 1l.5%.
The ratio of 54 to 5P -androstane from the reference aetiocholanolone and
those of the extracts was 1:2.5. No productse corresponding to 58 and 5« =
pregnene were detected in the extraclts after high temperature catalytic
reduction.

The results of the hydrocarbon estimations from the urine extractis are
pressnted in Table 16, For the sake of comparison the values obtained by
Zimnermann colour reacbion and gele.ce of the unmodified aetiocholanolone are
also presenteds The resultes obtained by reductlon although only semi-
quantitative, in general agree with the estimation of wnmodified aetiocholan-
olone by gelece The values obtained by Zimmermann colour reaction are
slightly higher than from these two methods.

The urine extracis and reference aetiocholanolone were acetylated and
the products chromatographed using SE=30 (200°C) and @f~1 (210°C) columnse
The retention times of the acetylated aetiocholanolone and those from the
exbracts were identical in these columnss The estimalions by gele.ce as
aetiocholanolone acetatec are similar to those of aetiocholanolone alone
(Table 16).

The estimabtes obtained by Zimmermann colour reaction and by gelecCe as
aetiocholanolone and aetiocholanolone acebate showed no marked fall in levels
at the 356h 390h weeks of pregnancye. Levels, however, were not unduly

high.



By Gas-Liquid Chromatography

Week of By Zinmermann as actioche ag aetiocholan=  as 5p& S5{=
pregnency colour reaction olanolone. olone acebates androstane®
31 1,27 0464 0.63 0e40
32 1.18 0.90 0.98 0.93
33 1.43 1.35 1.53 1.02
34 L.71 1.22 1.32 0.98
35 1.34 140 1.30 Le71
36 090 097 1.16 ' 2e12
37 1.63 1.30 1.35 1,64
35 1.13 0.97 1.00 1.77
39 | 1.87 1e31 1436 0437

5 week after
delivery Oed5 0,30 0e32 0.33

* semiquantitative estimation.
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De SUS

Lvidence hag been obtained for aseliocholanolone being the major component
of the final extract from pregnancy urine cbtained by the method of Harkness &
Love (1966a)s. The presence of colour due to the Zimmermann reaction and of an
acylable group: suggesbed that the major component of the extracts possessed
a l7-ketone and an unhindered hydroxyl group as in aetiocholanolone. The
major hydrocarbon product from the fraction was 5B -androstane, The ratio
of 54 to 5P -androstane and the yields suggested that the sbarting material
was actiocholanolone (Chapter I, D1, Table 4)s It therefore scemed justifi-
able to conclude that the method was largely measuring pregnanetriol.

The quantitative methods used for estimating pregnanetriol showed a
similar trend in levels.s The less accurale egtimates by high temperature

catalytic reduction also showed increased levels during pregnancy.



Ee 2UHATY

1. The excretion of pregnanetriol during pregnancy was estimated by gas—
liquid chromatography as aetiocholanolone; as the hydrocarbons 5B and 54 =

androstane and by Zimmermann colour reaction. An increase in the exeretion
of pregnanebriol was observed by these methods; slightly higher levels were
obtained with the colour reaction. The semiquantitative estimates from the
hydrocarbongs were in general agreement with the estimateslby gas=liquid

chromatography e

2 The use of the high temperature eatalytic reduction thus provided
additional evidence for the specificity of an analytical method for esbtimeting

pregnanetriol in pregnancy urine.
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The metabolism of the naturel androgens has been studied in detail
(Dorfman & Shipley, 1956; Stylienou, Forchielli, Tummillo & Dorfman, 1961
Pearlmen & Pearlman, 1961 and others). The catabolism of nany hormones,
drugs end vitaming consists generally of reduction, hydroxylation and con=
Jugation, The intermediary metabolism of one natural androgen, testoster-
one, consists essentially of three main reactions, the oxidation of 17f-
hydroxyl group Go the 17-keto group by the 17 p-hydroxysteroid dehydrogenase;
the reduction of the 4, 5-double bond in ring A by the A% =54 or the &% 5A-
reductases and the reduction of the 3-ketone group by 3 = hydroxysteroid
dehydrogenases (Dorfman & Shipley, 19563 Kruskemper, 1968). Conjugation
of hydroxyl groups at U=3 and C=l7 proceeds rapidly but hydroxylation is not
a major pathway for testosterone.

In recent years, a number of gynthetic analogues of the natural androgens
have been used for their stimulation of the blosgynthesis of proteinse. The
metabolism of these anabolic steroids has been little studied (Kriiskenmper,
1963), In many biological investigations & knowledge cf the fate of a
drug in the body and also an understanding of the nature of metabolites are
necessary. Such investigations may be valuable in understanding the
" causes of drug toxicity (Fingl & Woodbury, 1966a; Parke, 1963b) and are an
essenbial bacis for methods of detecting drug administration.

The/



Fig. 12.

NATURAL HORMONE
OH

TESTOSTERONE

HYDROCARBON SKELETON - ANDROSTANE

ANABOLIC STEROIDS H
"'CH3
0 0
METHANDROSTENOLONE 19-NOR TESTOSTERONE
HYDROCARBON SKELETON - 17-METHYLANDROSTANE HYDROCARBON SKELETON - 19-NORANDROSTANE

Examples of different hydrocarbon skeletons
of the natural and synthetic androgens which
are separable by using gas-liquid chromatography.
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The study of the metabolism of a steroid drug has initially depended on
the techniques used for detection of druge or ite metabolites. The sensit-
ive techniques for the detection of radioactiviiy have been extremely useful
in the study of the drug metabolism using small doses of radioactively
labelled drugs (Layne gt gl, 1963; Kamyab, Littleton & Fotherby, 1967;
Cooper & Kellie, 1963)., Such labelled compounds are generally difficult to
obtain and are potentially dangerous due to radiation. The administration
of labelled compounds ig rarely justified in children and in pregnant wonen.

The work presented in this chapter is an atbempt to study the metabolism
of normal therapeutic doseg of steroid drugs without using compounds labelled
with radioactive isotopes. ©Since the carbon skeleton of the steroids remains
intact during metabolism Qurfitt, 1948; Talalay, 1957; Cooper & Kellie,
1963) this 'label! is retained by the metabolites of the steroids. The
pregent technique thus offers the possibility of o simple method for detection
of those steroids and their metabolites which have different carbon skeletons
from the natural productses This is illusbrated in Figes 12. The metabolisn
of four common anabolic steroids, l9=-nortestosterone, methandrostenolone,
oxymetholone and norethandrolone whose hydrocarbon skeletons are different
from the natural hormones were studied in man using "carbon skeleton™ chroma-
tography for detection. Normal therapeutic doses of the drugs were
adminigstered.

The results obtained irom 19-norteétoaterone and meth;ndrostanolone have
been congistent with the results of ingel, Alexander & Wheeler (1953) and

Rongone & Segaloff (1963) respectively. It therefore appeared justifiable

to/
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to use "carbon skeleton® chromatography to sbudy drugs whose metabolism wes
not known. The resultes from oxymetholone and norethandrolone algo
sugpesbed that the predicted metabolic transformations like reduction and
conjugation with glucuronic acld had occured. Surprisingly, it should also

be noted that little or no unaltered drug was debectable in urine.
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The subjects for the sbudy were normal adult males, Py, Ry A and T
except a boy, 7 year-cld, !l who was under treatment for hypoplastic anaemias

The ensghbeolic gberoids studied and the doses administered were ag followgi=

1, 19-nortestosterone (Searle) = 20 mg. powder.
Re 4elbl=l9-nortestosterone (The Radiochemical Cenbre), Sp. activity 134pe/mg.

(lpe = 544 pge)e
3. lMethandrostenolone (Ciba) =~ 5 mg. tablet.

4o Oxymetholone (Synbex) = 5 mge x 2 tablebse
5. Norethandrolone (Searle) = 1lUmgs x 2 bablebs.

A single dose of the drugs was given by moubhs 1 pie of 4=~140-19-nories-
tostercne was dlssolved in 20 ml, of 10/ v/v ethanole This solution wag
taken followed by drinking of a small volume of‘water. Complete 24 hr.
urine collectiong were obtained before the start of the drugs administration
as conbrol specimens. Two éomplete 2/, hre. urine collections were obtained
following administration of the drugs, unleegs otherwise noteds In order to
gimplify caleulations specimens of less then 1200 ml. were made up to that
volume with water. For larger volumes the dilubions were up to the nearest
even volume i.c. 1250-1400 mle Aliqucts of urine specimens were extracted

immediately end the remaining volumes were stored at =-20°C.
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40 pge of the drugs were reduced ab catalyst temperatures of 1350 bo
190°C,  The products were dissoived in O.1 ml. of absolute ethenol. 10 pl.
of this solution was gensrally used for reference purposes. The mean
percentage yleld of She hydrocarbong from l9-nortestosterone, methandrosten=
olone, oxymetholone and norethandrolone were 943, 17.85 12.5 and 1648
respectively (Chapter LI, Cl, Tables 11 & 13).

2+ Paper chronabolraniye.

In order to achieve a better separation of the closely related
metabolites paper chromatography, pece wos useds 1L was performed by
mebhods similar to those described by Bush (196lc) on Whatman No. 42 paper
in all glase tanks at 25° + 1°C, The solvent systems used are shown in
Teble 17« 1In order to simplify reference to these gystems the solvent
systens have been assigned a code indicating The mobile phase.

The paper chromatographs were run automatically overnight after equile
ibretion for 10 to 12 hre An alarm clock was modified to turn a tap
which filled the trough with 100 ml. of solvent for descending developments
The peapers which werc "overrun® were "saw toothed" to avoid accumulation of
solvent at this site (Jermyn & Isherwood, 1949).

For the detection of drugs on papers the reagent used were as desceribed
in Chapter I, B7. All these drugs exceplt oxymectholone have strong ueve

absorption/
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1. Petroleun ether

51

2+ Petroleum ether 33:

3+ Petroleum ether

beps 80 - 200°C

1s

59

Methanol 43
Toluene 66:
Toluene 9:

Water 1

Methanol 80:

lethanol 8

Wabter 20

Wolter 2

0

PT1

P2



90.

absorption (254 mp. max.); this method of detection was generally used to
merk the position of the standardss About 10 pge of Oxymetholone also
shows a weak u.V. avsorption on tsl.ce bubl not on paper. For detection of
drug metabolites 3% w/v phosphomolybdic acid was generally used.

For the separation of metabolites on t.l.ces the methodsused were as

deseribed in Chapter I, B7.

The pencil marked paper was cut into pleces about 7 mm. square; placed
in 19/26 tubes to which 5 mls of mcthanol was addeds The tubes were
gtoppered and shaken for 20 minutes in a mechanical shaker. The methanol
solution was filtered Lhrough the sintered glags dise (porosity G3)e The
tubes were rinsed Uwice with 1 mle of methanol which was similarly filtered.

Marked strips of pilica gel from t.l.ce. were scraped, using two scalpel
blades, into 19/26 tubes containing 5 mle. of water ssturated chloroforms
The tubes were shaken and the suspension filtered as described for paper
chromatograns using water saturated chloroform for rinsing the tubese.

The solvents were evaporated to dryness in a waterbath at aboub 70°G
using a Stweamof fillered aire



Compoundg Percentage of the drug extracted

In petroleum ether In benzene {rom In chloroforn
from 80% ethanol (v/v) 50% ethanol (v/v) from 207 ethanol

(v/v)
Methandrog-
tenolone 267 91.8 -
6 P=ly droxy~
methandrog-
tenolone - 5640 21.0
Oxymetholone 3.8 5440 3.8
Horethandro-

lone 540 88.7 -



For preliminary purification of the drugs and thelr metabolites a
partition system was designeds The dry steroid residues were dissolved in
4 mle of 8Qz aqueous ethanol (v/v) and extracted twice with 1 vol. of
petroleum ether (40—6000, bepe)e The petroleum ether layer was separated;
washed twlce with Oul vols of distilled water and eveporabed to drynesse
The ethanol layer was diluted by weier to 505 (v/v) and extracted tvice with
1l vol. of distilled benzenes The benzene layer was separated; washed
twice with O.l. vol, of distilled water and evaporated Lo drynesse The 505
ethanol layer was further diluted to 20% (v/v) and extracted once with 1 vol.
of distilled chloroform. The chloroform layer washed {wice with O.1 vol.
of digtilled wabler and evaporated Lo dryness.

The recoveries of the reference anabolic steroids using these partition
cystems are shown in Table 15. These values were estimated by gel.ce using
§1-30 (210°C) and JxR& (195°C) coated columns,

3dy 174, 21=-trihydroxy =5p =pregnane-ll, 20=-dione, tetrahydrocortisone
was also partitioned by the above system in order to determine the rccoveries
of such polar compounds. When estimated as the product 5p -androstan-3, 11,
1l7-trione by Z.l.c., the recoveries in the benzene layer sfter extraction
from the 507% ethanol were about 1l.4% and in the chloroform layer after

extraction from the 207 ethanol were aboubt 42470
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Measurement of radioactivity due to Vg vas by the method of Harkness

& Totherby (1963). The residues were dissolved in 3 drops of ebthancl and
added to 4 ml, of liquid scintillator, NE 213 (Nuclear Interprises (G.B.)
Ltd., Sighthill, fdinburgh). The solutions were then transferred into ths
counting vials and were counted in a packard liquid scintillation spectro-
meber, model 2002 (Packard Instrument Compeny, Ince., ITI.) for 1000 sec.

The ingtrument settinge were, gain 3%, 20:1 window ratio of upper discrimina-
tor to baseline diserimin:bor which was sebt at 50 The efficiency for
counting g was 83% with these sebtingss The quenching correction was
estimgted automatically from an external standard.

Thep-iﬂucuronidase preparation was obtained from the common limpel
(Patella vulgata) by the mebhod of Fotherby & Love (1960). This preparation
had en sctivity of 2 million Fighmen units /g. Urine was adjusted to pH 4.7
and 0.1 vol. of 5M=-acetate buffer, pH 4.7 addeds The enzyme powder was
then added to give a conceatration of 1500 units/mle of urine. The mixture
wes well shaken and incubated at 37°C in a waterbath for 43 hr.

The urine was extracted twice with 1 vol. of chloroform or benzene;
the chloroform or the benzene extract was washed twice with oe.l vole of I
NaOH and then with .1 vol of distilled water until the washings were neutral.
Iraces of water were removed with anhydrous sodium sulphate and the solvent
vas distilled off using a boiling waterbath. The dry residue wes dissolved
in/
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in 5ml. of absolute ethanol; a 4.5ml. aliquot of this was then transferred
to a conical centrifuge tube and evaporated to dryness at about 70°C.  This
extract represented the "conjugated" fraction,

The urine before enzyme hydrolysis was extracted similarly. This

exbract represented the unconjugated or the "free® fraction.

7. licrochemical Upreatmentg.

-

Potggsium bo i B

Pobessiun borohydride (BDH) wes dissolved in methanocl at a concentration
of 1 mge/mle The dry steroid residue wus dissolved in O.1 ml. of methanol
and treated with lmle of potassium borohydride solution. The reaction
mixture was left overnight at room temperatures The methanol wams evaporated
to dryness in a waterbath at aboub 7003 using a blast of fillered air. The
residue was extracted into chloroform from disbilled water in a similar way
to bhat deseribed for acetylation (see Chapter III, Section II, B).

The Girard separation was performed by the method of Girard &

Sandulesco (1936).



95,

200 ml urine

Extraction with anHm or with Cglig
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1
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Telece hu Pece
Elution of mumaﬂwoum
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!
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An outline of the general procedure used for the detection of anabolic
steroids and their metabolites is presented in Scheme I« 200 ml. of the
first 24 hre urine collection after taking the drug was extrached by chloro=
form or benzene. The urine after extraction of the "free fraction was
hydrolysed to cobtain the "conjugated fractions The exbracts were helved.
One part was used for telsce or pecs The chromatographic fractions were
collected as elutes from 1 to 2.5 cme strips. The dry fractions were then
dissolved in Ol ml. of absolute etlianols 10 pl. of this solution from
each fraction was used for the high temperature cabtalytic reduction st 1380°-
190°C using 1-3% w/w platinum catalyste The reduction products were run
on geleCe using the SE«30 and the NGA columns with hydrocarbon standard from
the druge

From gel.c. resulls chromatographic fractlions were sclected which
contained compounds with the same carbon skeleton as the drug (positive
fractions)e These fractions were then purified by the partition systems
described in Chapter IV, C4. Further confirmation of the carbon skeleton
of the compound or compounds in these fractions (final scan) was then
ocbtained by gels.cs after high temperature catalytic reduction. The remain-
ing halves of the urine extracts were also chromatographed and the fractions
containing drug metabolites were poocleds These chromatographic fractions
were then tenbatively identified by their chromabtographic mobilities before

and/
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and after microchemical treabments like acetylation with acetic anhydride
and reduction by pobassium borohydrides

The *free® urine fraction wus similarly treated except that to ohtain
an estimate of the total metabolites present the urine was extracted in
bengene and the dry residue obltained after evaporation of benzene was
pertitioned in the system deseribed in Chapter IV, CZ prior to Te.le.Ce OF pecCe
The benzene layer was collected and evaporated So drynesse The dry residue
was dissolved in 0.2 ml. of absolute ethanol; 20 pl. of this solutlon was
then injected for high temcerature catalytic reduction. As expeched The
exbracis obtained from chloroform were much bulkier than those {rom benzene.

The control urine specimens were similarly treated up to the *first?
scans The presence of non-gpecific productes from them were noted focr the
interpretation of the resultse.

The studics of the metabollism of individual anabolic steroids are
presented uander the separate headings on the following pagese The estimatzs
of the metabolites present in chromatographic Lractions in pge of steranes
(Figse 15, 17, 19 and 2L) represent the amounts present in the aliguots of
the samples used for high temperature catalybic reductione. The estimates
of the quantities of drug metebolites exereted have been calculated from the
yields of the hydrocarbong obtained from the parent drugs, and from the
total 24 hr. urine volumes except where otherwise noted. The accuracy of
this correction is dependent on the nature of the metabeolitess The

resultes,/
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vesults, however, have been survrisingly reproducible.
In order to aveid repetitions ouly the changes in the procedure {rom

that deseribed above have been speeified under individual headings.



The mebabolism of 19-nortestosterone has been studied by Ingel, Alexander
& Wheeler (1953) in a woman after administration of 550 mg. of the drug.
These workers have shown that the two urinary metebolites of thisg drug were
19-norsetiocholanolone and l9-norandrosterones The present study using high
bempersture catalytic reduction and radiocactlvity confirms their results
using 20 mge of the druge The sensitivity of high temperature catalytic

reduction for detection of metabolites has been satisfactory.
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400 mls of the 43 hre pooled urine collection from the subject P, was
used %o oblain "free and "eanjugated™ urine extracts which were geparated
by pece. using the solveal system PL as described on Chapter IV, C2, The
chromatogran was run for 6 hre allowing the solvent to overrun ithe papere
The marker standards, aadrosteroﬁe, aetiocholanolone and l9-nortestosterone
were also rua alongside the extracte The relcvence 4—148-19-nortostosterone
uged was homogeneous on pecs anid on tel.cs in the rclevent solvenlt gystems
(Chapter I, B7 and Ohapter IV, C2),.

High temperature catalytic reduction was performed at 180°C.  The vield
of the parent hydrocarbon from 19-nortestosterone was less than thoge from
nmebhandrostenclone and norethandrolone. By uping an ineressed concentration
of platinum, Two split producis with shorter retention Times than "L9-nor-
androstene® were obbained probably due to splitting off the 1lS-methyl groups
Iwo other products of much longer retention times probably due to dehydro-
genation were also obbained after using such a catalyste It was therefore
essentlal to keep the concentration of the platinum to near 14 as obtalned

by the procedure desceribed in Chapter I, D2.
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Lue reduction of l9-nortestosterone gave a major product probably a
" genorandrosbane® (Fige 15) having a retention time relative to 5{ =androse
tene of 0.6 on an HGA column. This product was clearly separable from the
androstanes and was also obbained from l9-hydroxylated androstene derivatives
and oestrogens (Chapter II, 03.).

Yo product corregponding vo Ghe hydrocarbon "lL9-norandrosbone® wus
detected in the "free” fractlon and no radicactivity was detectable in the

Wree® fraction. This fracbion was therofore not invegtigated further,

The scans of the chromatograns using radioactivity and carbon skeleton
chromatography ac methods of detection are presented in Fige 13. The
positions of the markérs aeblocholanolone and endrosterone in the chrometo-
grams have been indicated. The marker l9-nortestosterone in the systenm
ran o 4.5 cm from the origine The patierns of metabolites are almost
identical using both mebhods of.detection and show the presence of two mejor
metabolites with similar Rpg to those of the reference aetiocholanolone and
androsterone.

In addition bto the two major metabolites al least three more polar
metabolites were separated by pece using the solvent system PI2. In this
system androsterone and actiocholanolone were run off the paper and 19-
nortestosterone was run to the end of the papere The patterns of metabolites

obtained/
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obtained using radiocactivity and high temperature cabalytic reduction are
presented in ige 14 and are almost identical,

The totsl amount of the "conjugated" metabolites represented approximately

31/ of the administered dose in the 45 hre urine volume,.

Four fractions running like l9-noraetiocholanolone (Hl), seticcholanclone
(E2), 19-norandrosterone (Al) and sndrosterone (A2) were collected by using
preparabive gelece on a column coabed with 3% SE=52, phenyl methyl silicone
at 230°C. lo satisfactory separation of these fractions wag possible using
DeCe Or telece The half portions of the collected fractions were counted
for radiocactivity which was detected only in il and Al. These radioactive
fractions after high temperature catalytic reduction gave a major product
wibth an idenbicul retention time to the product from similarly reduced 19=-
nortestosterone (Mige 15)e

1l and Al did not absorb u.ve. confirming the reduction of the 454h3-
ketone group of 1l9-nortestosberone during metabelisme After reduction by
pobassium borohydride and after acetylation by acetic anhydride the Ry, of
El and Al were albtered and were llke similarly treated aetiocholenolone and
androsterone on tslece in the solvent system chloroform-methanol (19:1 v/¥).
Thege results indicated the presence of & reﬁucible ketone and an acylable

hydroxyl group in Il and Al.



Fig. 15.

AN AT Sy

Gas chromatograms on an NGA coated column at
1500C, attenuation x 200 of

(A) Reduction products of 4 ug.
19-nortestosterone.

(B) Reduction products of the metabolite
Tike '19-norandrosterone (Al).

(C) Reduction products of the metabolite
like 19-noraetiocholanolone (E1),

The catalyst temperature used in these experiments
was 1800C; the retention time of Sa-androstane is
indicated by a vertical line on the tracings.
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3+ Conclusion.

The above resulbs suggest thal the two major urinary metabolites of
13-noriestosterone, 11 and &l are 19-norseticcholanolone and 1%-norasndrosbter-
one as described by Ingel gt gl. (1953). The patterns of the metabolites
obtained usiug high temperature catelybic reduction and radiocactivilty as

detection methods have been similares
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The metabolism of mebhendrosterclone wse studied by Rongone & Segaloff
(1963) in a women with adenocarcinoms of the lunge She was given mebhane
drogstenoloney, 1 ge daily for 4 days and from the urine two nmelaboliles were
isolated. The major metabolite was identifisd as 6 -hydroxynethandrosten—
olone; it wes suggested that the other metabolite wus an epimer of mebhan-
drostenolones Sandor & Lanthier (1963) studied the mebabolism of methandro-
stenolone-l‘?o(,-c-l4 in a dog and also showed the presence of two major
metebolitess TFrom gll tuese resulis it was seen that the metabollsm of
methandrogtenolone was virtually compleve and no unallered drug wes excreted.

The present study confirms the findingzs deseribed aboves The applica-
tion of high temperature cabtalytic reduction and ge.l.ce is egpecially useful
in gbudies of drugs llke methandrostenolone which are apparently completely
mebaboliged in the bodye. Such drug metabolites though poszessing different

properties should be detectable by their commen hydrocarbon skelebton.
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Urine aliquots from the subjects P, & and R were extracted by chloroform.
The "free" and the "conjugeted® fractione were chromalographed on thin-layer
in the solvent system chloroformemethanol (19:1 v/v)e The marker standards
6 p-hydroxymethandrostenolone and methandrostenolone were algo run elongside.
High temperature catalytic reduction was done at a catalyst temperaturec of
190°C,

be LSULTS

1. Deteetion of the metebolites in "Cree" frectiong.

The scan of bhe carbon sgkeletons of methandrogtenolone mebsbolites in
chromatographic fractions from subject A is presented in Fig. 16. The two
fractions showing the carbon skeleton of methandrostenolone corresponded to
the positions of the merkers 6p~hydroxymethandrostenolone and methandros=
tenolone in t.l.c. and were just detectable by their u.ve. abgorption and by
staining with 8% w/v phosohomolybdic acid. The fractions remaining at
about the origin of the chromatograph have also shown gimilar carbon skelotong
but the quentities of These minor metabolites were oo smell for further
sbudies.

The two fractions hereafier called ML, corresponding to 6 f-hydroxy-
methandrostenoione and M2, corresponding Lo methendrostenolone were parbi-
tioned in the sgystem described in Chapter IV, C43; the benzene portion was
collected and evaporated to drynesse The reduction patterns from the

reference/



Fig. 17,

Gas chromatograms on an NGA column at 150°C

of the reduction products of methandrostenolone
and its metabolites reduced at the catalyst
temperature of 1900C:

(A) 2.0 ug. of standard methandrostenolone;
attenuation x 500,

(B) The compound behaving l1ike 6g~hydroxy-
:methandrostenolone (M1); attenuation
x 500,

(C) The compound behaving like an epimer
of methandrostenolone (l2); attenua-
:tion x 200,

The retention time of 5a-androstane is indicated
by @ vertical Tine on the tracings.
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reference mebhandrostenclone and those from ML and M2 are shown in Fige 17.
The patterns of reduction from these compounds are similar and the major
productg heve identical retention times. The two products with retention
times relative to 5« =androstane cof 1.19 and 1.31 (Fige 17)., are probably
the 58 and 5o ~isomers "l7-methylendrostanes These products were also
obbained from 17« -mecthyltestosterone (sce Chapter II, Cl). Similar results
were obbained from subjects P and Rs The total quantities of the metabo-
lites recovered from the urine of subjects P, A and R were 4el#, 5.75% and

5.3% respectively of the adminictered drug. No metabolites were detected

by any method in the comparable conirol urine samples.

In order to study the duration and the maximum excretion of metabolites
a serial urine collection of one week was obtained from the subject P after
adninistration of methandrosbenolone, 5 mge dally for 2 days; +bthe tablel
being taken at the start of the urine collections. The residues oblained
after extraction of the urine by benzene were particioned in the systenm
described on Chapter IV C43 Ghe benzene portion was collected and then
evaporated to dryness. The fractions were Shen reduceds [he amounts of
the hydrocarbons in these Ifractions from the first day to the fourth day weve
Oe54 pgey 075 pgsy Oell pge and Q.00 e respectively. The maximum amount

of metaboliies was, as e=xpected on the gecond day and a small amount was

still/
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gtill debtectable 45 hr. after drug aduinistration. These urine residues

were also reduced without purification by partition. The *"17« -methylund-
rostane" hydrocerton peaks were detectable but the bulky nature of the

total extracts was found to deactivate the catalyst rapidly. The "conjugated®
fractions from the subjects P, A and R were chromatographed on thin-layer

and then reduceds The scans from the chromatograms chowed no products
corresponding Lo the "7« -methylandrostane® on gelec. 1o further study on

this fraction was therefore done.

The fractions ML and M2 absorbed u.ve. suggesting that at least one of
the double bonds in ring A and the kebtone at C=3 in methandrosbenolone
remained intact during metabolisms Il and 142 had identical Rpyg to 6f8 -
hydroxymethandrogtenolone and methandrostenolone respectively on t.l.c. in
the solvent systems, chloroformemethanol (19:1 v/v); chloroform-acetons
(19:1v/v) and on pe.ce in the solvent system P2,

On gelecs using an SE-30 and F-l colums at 210°C, ML had identical
retention times to 6P=hydroxymethandrostenolone. The retention times of M2
and mebthandrostenolone on the SE=30 column were 22.0 and 23.0 mine respective
ely; on the QF-l colum the retention times were 23,9 and 25.3 nin,
respectively, The gZelecs resulis thus suggested M2 was a metabolite of
methandrostenolone.

After acetylation the Rp of ML and 6p =hydroxymethandrostenolone on
Sdete /
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t.l.ce in the solvent system chlorolorm-methanol (19:1 v/v) was found to
change and wee again identical. Under the same condition the Rp of M2 and
methandrostenolone remained unchanged indicating the unreactivity of the
C=17 tertiary hydroxyl group to acelylation (Bush, 1961d)e These results
suggested the presence of an acylable hydroxyl group in Ml similar {o that
in 6P <hydroxymethandrostenolone,

After potassium borohydride reduction the Rp of M1 end M2 remained
unchanged on teleCe in the solvent gsystem (19:1 v/v) suggesting the absence
of a reducible ketone jroups lielbhandrostenolone did nol appear in Uhe
ketonic fraction after the Girard separatlion possibly due bo its hemiquinone

structure.

4o Conclusion.

The above recults show that in its chemicsel properties and chromasbo-
graphic mobilities the fraction il behaved like 6ﬁ-hydro:qrmethandrosteno}.0ne;
this is congistent with the melabolite of methandrostenolone identified by
Rongone & Segaloff (1963). TFor M2, the slight difference in its retention
timeg on gele.ce o that of methandrostenolone snd also its lack of chemical
reacbivity, like methandrostenolone, suggest that it wes en epimer (17 -
CHg) of methsndrostenolone rather than an oxygenated metabolite like Ml.

It therefore secems likely that M2 is similar to the unidentified metabolite
of methandrostenolone deseribed by Rongone & Segaloff (1963). These
metabolites which were easily detected by using high temperature catalytic

reduction were thus similar to those just detectable by conventional methods
such/
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such as u.ve abzorption and 8% w/v phosphomolybdic acid. No unaltered

methandrostenolone was debected.
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The gyntheslie of oxymetholone was described by Ringold, Batres, Halpern
& Vecoechea (1959). The anabolic and therspeutic properties of this
compound have been eveluated (iMyerson, 1961; Janchez-iiedal, Pizzuto, Torre=
Lopez & Derbes, 1964)e The metabolism of oxymetholone however has not
been reporteds In the present study two fractiong with the earbon siclston
of "17-methylandrostane® were detected in urine after the administration of
oxyrnetholone, he polar nature and ingbability of the metaboliles on gel.ce

suggest an alteration of the hydroxymethylene group during metebolisnm.

The subjects of the study were Py R and T. The urine aliquots were
extraected by bengzenes For bLelecs seperation of the extracts the solvent
system chloroform-methanol (9:1 v/v) was used. The high tempersture

cabalytic reduction wac performed at 190°C.
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Fig. 18, The pattern of oxymetholone metabolites on
thin-layer chromatograms. Detection of
metabolites by "carbon skeleton chromatography".



b. REGSULTS

Ho products with the retention times of the hydrocarbons obtained from

oxymetholone were debected in the "free® fractions.

1. Detieotion of metabolites in "conjureted" fractiong.

The scan for the carbon skeleton "L7-methylandrostane® in chromatographic
fractions from subject R is presented in Fig, 13. The two fractions here-
after respectively called OL and 02 for the polar and the less polar components
were partitioned in the sycbem deseribed in Chapter IV, O/ except that after
separation of the petroleum ether the 30/ ethanol wes diluted to 204 ethenol
by distilled water which was then extracted twice with 1 vol. of cliloroform,
Due to the polar nature of these metabolites it was found difficult to
obtain clean frections by the simple partition methods useds The reduction
products of Ol and 02 and those from standerd oxymetholone are presented in
Fige 19« It is to be noted that the products from oxymetholone have
identical retention times to the reduction products of other compounds with
a 17-methylendrostane skeleton {Chapter II, Cl); this is probably due to
the splitting of the hydroxymethylene group of oxymetholone.

The total amounts of the metabolites in urine from subjects P, R and

T were 5.1%, 6.0/ and 4.9% respectively of the administered druge Ol and

02 were present in about the ratio of lil,.

In the solvent system chloroformemethancl (9:1 v/v) on t.l.cs, the Rp

of/



Fig. 19,

Gas chromatograms on an NGA column at 1500C
of the reduction products of oxymetholone
and its metabolites reduced at the catalyst
temperature of 1900C; attenuation x 200:

(A) 4 ug. of standard oxymetholone,
(B) The most polar metabolite (01).
(C) The polar metabolite (02).

The retention time of S5a-androstane is indicated
by a vertical 1ine on the tracings.
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of 0L, 02 and the standard oxymetholone respectively were 0436, 0,50 and 0.78.
After nolassium borohydride reduction of these compounds, in the above tl.l.c.
sysbem, the Ry of Ol remained unchanged whereas the Ry of 02 was changed and
wes identical to That of Ol. Oxymetholone after potessium borohydride
reduction had a different Rp (0s46). |

These results suggested the ﬁresence of a reducible ketone group in 02
which was absent in Ol,

lhe aectylabted producits of Ol and C2 had Bpg of Ue42 and 0440 respectively
on belece in the solvent system chloroformeacetone (9:1 v/v)e The similarly
treated oxymetholone ran with She Ry of 0.3%.

After polassium borohydride reduction and acetylation Ol and 02 had
identical Rpg of 0.75 on telece in bthe solvent system chloroform~methanol
(19:1 v/v) end algo in the less polar solvent system of chloroform alone
(Rp = 0420)s All these resulbs suggested that 02 after reduction by potass-
ium borohydride was similar to Ol. '

On gelecs in en SE=30 colunn at 215°C and in a F=1 coluﬁn at 220°C both
01 and 02 gave alt least three products with shorter rectention times than
that of standard oxymetholone showing Ulheir unstable nature. Oxymetholone
showed a poor response and 'peak tailing's The products of potassium boro-
hydride reduction of oxymetiolone, O end 02 were all wstable and gave
similar split products on gelece Hnwaﬁer, acebylation of oxymetﬁolone,

0l and 02 allowed the elution of a single peak from these compounds with

different retention times which are shown in Table 19,



Compounds

Oxymetholone

01

Oxymetholone (before acetylation)

Oxymebholone (KBHA reduction and
acetylation)

Retention times

in minutes

Un SE«=30 coluwan On QF=1 colum

at 215°C at 220°0
3040 2245
5549 2543
Rty 13.8
2643 1445
5Le7
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3.« Conclusgion.

The gelece resulte from 01l after acetate formation confirm those of
telece and suggest the reduction of the C-3 ketone group of oxymetholons
during metebolicme On the other hand, the similar mobilibties of 02 to that
of 0L on bel.cs afber the potassium borohydride reduction suggest that the
-3 ketone hag remained intace in 02.

The ingtability on gelsce of the metabolites 01, 02 and of the oxy-
metholone after potassium borohydride reduction and the "l7-methylendrostane®
hydrocarbon obtained after high temperabture catalytic reduction, indicate
the labile C=2 subgtitubion of these compoundse This group therefore could

have been altered dquring melbabolism.



The preparation of norethendrclone has been described by Colton, Nysted,
Riezel & Raymond (1957)« It is a widely used anabolic steroid (Brooks
& Prunty, 1957; Brendler & wrinkler, 1959)s The metabolic fate of this
compound however is not known.  The present study shows two major urinary
netabolites of norethandrolone which are probably the predicted reduction
productes Irom ilg structure, Tthe metabolism of this compound was likely
to be comparable to that of l7-nethyltestosterone (Rongone & Segaloff, 1962)

and l9-nortestosterone (ingel gt gle 1953).

LXPERDIENTAL

The subjects of the study were Py Ry, T and Me The urine aliquobs were

Qe

extracted by benzene. The "ree® and “conjugated® fractions were chromulo-
sranhed on thin-layer in the solvent system chloroformemethenol (9:1 v/v).
The chromatographic fractions were eluled and processed as desceribed under
the general odrocedure (Chapter IV, D).

The subjecct i, a child, was given 10 mg. of norethandrolone. Ialf of
the 24 hr. urine collection was similarly extracted by benzene and separaited
on thine-layer. lach chromatograpiic fraciion was discolved in 0.4 ml. of
absolute ethanol; 10 pl. of this solution was used for reduction as usual,

The high temperature catalybtic reduction was done ot 190°C.
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Fig. 20. The pattern of norethandrolone metabolites
on thin-layer chromatograms. Detection of
metabolites by "carbon skeleton chromatography".



No product corresponding to The parent hydrocarbon of norethandrolons

g debtected In the MWree® fractions from Py, R and Te In subject il, the

]

fraction corresponding to norcthandrolone on telecs gave a product with an
identical relention time Lo thalt of the hydrocarbon standards <{his fruaclion
amounted to 04025 of the administered druge On gelece this coumponent had
the sam¢ rebtention tirs ns norethendrolone in columng coated wilh SE-30 al
205°C and with QF-1 at 210°C. This fraction corresponding to norethandrolone

wae not debectable by ueve absorption on tele.cs probebly due to the minute

Lbeg in "coniycated! fractionge

The scan for the carbon skeleton of norethandrolone in the chromato=

graphic fractions from subject R is presented in Fige 20 Two fractlons,
one slightly more polar Ghan norcthandrolene (N1) and the other eorresponding
to norcthandrolone (H2) on telecs were partitioned in the system described

in Chapter IV, C4. The benzene portlon wes collecled and evaporated to
drynesse The reducticn patieins from Nl and J2 and ths reference norethan=
drolone were similar and the components had identical retention times (Fige
2l). Similer results were also obtained from subjects P, T and M« The
total amounts of the conjugabed metabolitee in the urines of Py, Ry T and
were 11l¢275, 11l.25, 9e1% and 10.9% respectively of the administered drug.

The ratio of Nl to N2 was sbout 1:2.8 in these subjcclss



Fig. 21,

Gas chromatograms on an HGA column at 1509C
of the reduction products of norethandrolone
and its metaholites reduced at the catalyst
temperature of 190°C; attenuation x 200:

(A) 4 ug. of standard norethandrolone.

(B) The compound more golar than
norethandrolone (N

(C) The compound with Rf similar to
norethandrolone on t.l.c.

The retention time of S5a~androstane is indicated
by a vertical Tine on the tracings.




The two chromatographic Iractions Nl and {2 did not absorb u.v. which
suggested the reduction of the £34#3~kctong group of norcthandrolone
during metabolism. These fractions were readily detectable by using 8%
w/v phosphomolybdic acid.

On telece in the solvent gystem chloroform-acetone (9:1 v/v) N1 had
Bp of Ue34e N2 and reference norethandrolone in the same tel.ce had
identical Rpg of De46s

On pece in the polvent system PTl, the Rp of N2 and the reference
norethandrolone were different (Rp of N2 = 0.,78; Ry of the reference
norethandrolone = 0.73). In the same gystem N1 ran with the Ry of 0e74e

On gele.ce N2 and reference norethandrolone were further separables
The rctention times of noraebhandrolone, N1 and H2 are shown in Table 20.

In fraction N2 a very small quantity of norethandrolone was probably
presents, This product had identical retention times to those of norethan-

rolone in the SE=30 and QF-l columnse. The percentage of This norethan-
drolone like component in the subject P was 0215 of the adminisgtered drug;
it wae not detectable on te.le.cs Or on p.ce by the conventional methods of
detection like ue.ve absorption and 8% w/v phosphomolybdic acida

After acetylation N1 and 12 had Rpg of 0s56 and 0,66 respectively on
telec. in the solvent system chloroform-acetone (9:l v/v)e The Rp of
similarly treated norebhandrolone remained unchanged- (Rp Qe4l)s  These
resulbs sugzested the presence of an acylable hydroxyl group in N1 and N2.

After/



Compounds Retention times

in minubes

On SE~30 colum On -l column
at 205°C ab 210°C
Norethandrolone : i 3040 2245
N1l 15.9 10,1

N2 1649 10.3
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After potassium borohydride reduction the Ryg of N1 and N2 remained
. unchenged on t.l.c. in the solvent system chloroform-acetone (9:1 v/v)

which suggested the abgence of a reducible ketone group in Hl and N2,
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4« Conclugion.

From the similarity of their chromatographic mobilities and chemical
properties the metabolites of norethandrolone, N1 and N2 are probably
somewhat similar. Since, Nlhad a shorter retention time than N2, N1 may
be a 5P -isomer of N2. This evidence suggests a similar metabolic fate for
norethandrolone to that of 17« =methyltestosterone which is reduced to two
major urinary metebolites 17{=methyl=5p-androstan=34 , 17p -diol and 17 -
mebhyl =5« =androsten~34 , 17p =dicl (Rongone & Segaloff, 1962).



1.

as General congiderabion of the »

In general, the foregoingz results have shoun that the anabolic steroids

sbudied were almost entirely metabolised. Their exeretion in urine, however,
represented approximately 5 to 31% of the dose and occurred relabively rapidly.
The excretion was generally less with C-17 alkylated compounds, especially
when compared to the naturgal C-19, l7-oxosteroids. This may be due to the
hindrance of metabolic changes at C=-17 such as glucuronyl transfer (Hsia,
Riabov & Dowben, 1963).  The known metabolism of Onq steroids suggests that
biliary exeretion of anabolic gteroids metabolites is likely to be small.
Urine is probably the main route of excretion. The conversion of these
compounds to oestrogens ig also a likely but quantitetively unimportant path-
wey (ingel gt al. '1958; BDreuer, 1962). The rapid and complete metabolism
of anabolic sberoid drugs is surprising since androgens given in smaller
doses over a long period act meinly as anabolic agents (ven der Vies, personal
comnunication). Lsterification at C-17 with higher fatiy acide has been
shown to increase the anabolic property of 1lY=nortestosterone by means of
slowing its release in the body (Callow, Callow & Immens, 19393 van der
Vies, 1969). Prolonged action is therefore a feature of anabolic agents.

The characterstic features of their mebtabolism will be dlscussed under

individual headlings.
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1. lo=norbestogterong.

In order to ascerlain whether "carbon skeleton™ chromatography can be
used in studies of steroid drug metabolisn, the metabolisn of 19-nortestos—
terone was restudied in the present work. This study also made it possible
to examine the results obtained by using the present method to that oblained
by debection of radiocactive metabolitea as the sbarting drug 4—140-19-nor~
testosterone was readily avéiiable for this purpose; availability is a
major factor limiting studies of radioactive drus metabolisne The resulis
obtained have been similar to those obbained previously by Engel gb gl.
(1953)s  The two known metebolites l9-noraetiocholanolone and 19-norandros-
terone arve probably identical to El and Al of the present study. The
quantitative aspeets differ; the ratio of 19-noraetiocholanolone to 19=
norandrosterone was found to be 1l:1 by Ingel et gl. (1953) in the present
sbudy the ratio of Il to Al was sbout 1l:5. Sex differences in the response
to druge are known in animals and after administration of androgens, the
activities of the microsomal enzymes have been found to increase in female
rats (Parke, 1963¢). These factors may be responsible for the differences
in the bwo studies beecause Ingel gb gl. (1958) studied e woman whereas the
present work was performed on men,

Begides the major metabolites ¥l and Al,at least three more polar
metabolites were also detected in the "conjugated®™ fraction by their carbon
skelebon and also by their radiocasctivity. The chromabographic behaviour of
thege metabolites puggeste further hydroxylation of 1l9=-nortestosterone,

These/
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These are, however, minor metabolites.

In the detection of mebtebolites by using "carbon skeleton™ chromatography
slightly higher values were sometimes obtalned from chromatographic fractions
when the carbon skeleton of the compound sbudied was smaller than that from
the related natural products. This is seen in Fig. 13, especiully in Ghe
quantitabion of the fraction corresponding to lY-noraetiochelesnclone. This
is probably due to the fact that many of the 039 steroids by lhe present
method produce a small amount of a split product corresponding to 1J=norane—
drostane® (Chapter I, DI). Such an increased yield of "L9-norandrostane
therefore could have been derived from the naturally occurring androgens like
aetiocholanolone and androsterone which are likely to be present in the
chromatographic fractions due to their poor separation from the drug metabo-
lites. It should also be noted that the natural oestrogens which can be
reduced to "l9-norandrostane™ appear in the phenolic not the neutral ffactian.

The sensitlvity of the detection of metabolites by "carbon skeleton®
chromatography was found to be sebtisfactory for metabolic studies using
milligram dosess The sensitivity of "carbon skeleton® chromnatography how-
ever depends on the number of substituents in the starting sample (Chapter I,
Dl)s This does not affect the sensitivity of detection usiag 140 ring
labelled compounds. In this way "carbon siteleton® chromatography will prove

less sengitive than studles using high specific activily materisl.
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2. ligb 5 .

The btwo metabolites of methandrostenolone, Ml and M2 detected in the
present study are similar to 6[3-trydroxymethandrostenolone and an epimer
of methandrostenolone respectively as described by Rongone & Segaloff (1963).
The ratio of the hydroxylated metabolite ML to M2 was 1:2 in the present
study; this result is different to that of Rongone & Segaloff (1963) who
found a ratio of 2:1. The presence of more of the 6 <hydroxy metabolite
in their sick woman raises the question of regulation of the detoxication
mechanism in the body., Hydroxylation is one of the major routes for
deactivation of a large number of foreign compounds (Parke, 1963d) and in
steroids C-6 oxygenation has been found to be iﬁportant (Nadel, Burstein &
Dorfman, 1956; Florini, Suith & Buyske, 1961)s The exbent of hydroxylation
is dependent on the state of a person receiving the drug (Fingl & Woodbury,
1966b). lMany drugs are known to stimulate or inhibit the hepatic microsomal
engyme activities (Conney, Jacobson, Schniedman & Kuntzman, 1965; Tephly &
Mannering, 1963); thus drug adminigtration modifies drug mebtabollsme. The
study of Rongone & Segaloff (1963) was done on a patient suffering from
adenocarcinoma of the lung, as such, she might have been treated simultaneously
with other drugse. This could be respousible for the active hydroxylation
mechanism in their patient, especially of 6P =hydroxylation (Kuntzman,
Jacobson & Conney, 1966; Kuntzmaen, Jacobson, Levin & Conney, 1963).

It wos interesting to find that methandrostenolone was deactivated in

the body apparently without conjugetion. The stability of this compound was
shown/
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shown by its wmreactive nature in many chemical reactions.s Such a drug is
likely to be excreted largely "unchanged® or after hydroxylabion.
Methandrostenolone is a popular 'muscle building! drug aand it has been
suggested that athletes use it to increacse their performances The
detection of the total metebolites of methandrostenolone without the chrome
atogrephic separabtion was therefore investigated in serial 1 bto 4 dsy urine
collections after a single dose of the drug (sece Chapter IV, b2)s¢ It was
interesting to find that though the major amommt of the metabolites was
excreted within the first 24 hr., a minute amount wae cbill detectable up
to 43 hrs. after the drug intake. Since, the yield of hydrocarbons from
mebhandrostenolone is satlicfactory and, since the metabolites are extractable
in the fairly clean "free® fraoction of the urine, detection of bthis drug

should be possible within about 48 hr, of the drug intake.
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3« Oxymetholong.

In the present study two mebtabolites of oxymetholone, Ol and 02, were
detected by "carbon skeleton®" chromatography. 4As These metabolites were
found in the "conjugated® fractiion the position of the glucuronide regidue
is important., This could be attached by way of the 17B=hydroxyl group
although this group is highly hindered (Reifenstein, Forbesg, Albright,
Donaldson & Carroll, 1945; Leach, laddock, Tokuyoma & Paulsen, 1956). In
addition, the available evidence suggeste that C-3 hydroxyl group might be
available in Ol for conjugation. Both Ol and 02 may possess & C=2 hydroxyl
group. However, it must be emphasised thal these assignments are tentabive.

Since, 01 wos more polar than oxymetholone after potassium borohydride
reduction, elther further hydroxylation or an alteration of the hydroxy-
methylene group is also indicated. Bub, hydroxylation seems unlikely as
such a tebrahydroxy compound would probably be very much more polar on Gel.c.
Many foreign compounds are detoxicated by a dealkylation mechanism which
results in the introduction of a hydroxyl group after oxidative sciseion of
the alkyl group (Brown, 1962; Parke, 1963e). Evidence for the dealkylation
of 2=-methoxyoestrone with unmasking of a C=2 hydroxy metabolite suggests
that oxymetholone, although it possesses a different A ring, may undergo a
gimilar process. R-liydroxyoestrone, isolated by Fishman, Cox & Gallagher
{1960), has been assumed to be a demethylation product of 2~-methoxyoestrone
(Brown, 1962). By high temperature catalybtic reduction the hydroxymethylene
group was completely removed from oxymetholone as the products had the
retention times of "1 =methylandrostane®s This indicabes the instability
of this group.

From/
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From the limited available data, it is assumed that the metabolites O1
and 02 are without the hydroxymethylene group. Ol has the C-3 ketone

group reduced but this ketone group is intact on 02.
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4+ HNorgbhandrolong.

The metabolism of norethandrolone seemg to show similar features to
those of 17« -methyltestosterone (Rongone & Segaloff, 1962). The isolation
of the ringla reduced 5 and 5« -isomers of 17« -methyltestosterone by these
workers and the results of the present investigations suggest that the
metabolites W1 and N2 of norethandrolone could be gimilar products. The
presence of a l7=-alkyl group in norethandrolone should have hindered the
oxidation of the 17p =hydroxyl group to a 1l7-ketone group (Leveylahl &
Semuels, 19503 Partridge, Boling, De Wind, Margen & Kinsell, 1953).

The presence of a small amount of a product like norethandrolone in
the "eonjugated® fraction suggeste the poszibility of conjugation at C-17
without reduction of ring A. Thi@ is quantitatively a very minor metabolic
in the present study. However, it is interesting that the hindered 17p-
hydroxyl group (Reifenstein gt al. 1945) may be conjugated in this compound.

In subject My, a small amount of the product corresponding to norethan-
drolone was found in the Afree"” fraction. This may be due to the dose of
norethandrolone relative to the body weight being much larger in this subject

compared to the other subjects P, R and T.
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Je SUARY
The metabolic fates of four ansbolic steroids, l9%=nortestosterone,

methandrostenolone, oxymetholone and norethandrolone adminiglered in there-
peutic doses were studied in man, The detection of the drugs and their
mebabolites in urine extracts was by the method of high temperature catalytic
reduction following chromatographic separations. The results showed an
extensive mebabolisn of these drugse ILittle or no unalbtered drug was

detected.

1, lO-nortegtosterone:~ The metabolism of l9-nortestosterone showed two
major metabolites behaving like l9-noraetiocholanolone and l9-norandrosterone
in the ratio of l:5. Three more polar metabolites were also detected, The
total amount of the metabolites in the "econjugated® fraction was 317 of the
adninistered druge.

R2¢ The results of high temperature catalytic reduction used as a detection
nmethod were checked by simultaneoue detection of radiocactive metabolites by
liquid scintillation counting. Detection by both methods gave similar

patterns of metabolites.

3. lethendrostenolone:~ Two major metabolites behaving like 6 -hydroxymeth-
androstenolone (1) and like an epimer of methandrostenolone (}2) were

freely extractable from the urine of thwee adult males. These metabolites
were just delectable usging standard chemical methods and reference compoundse.
The ratio of ML to M2 was about 1:2 and amounted to about 57 of the total
administered drug in the 24 hr. urine collection. The total metabolites were

detectable/
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detectable up to 43 hr., after administration of methandrostenolone, from

the urine extracts after a simple partition.

Le Oxymetholone:~ The metabolism of oxymetholone in 3 adult males showed
two urinary metabolites named Ol and 02 in the conjugated fraction. It is
suggested that dealkylation of this compound occurs to produce 2-hydroxyl
group in both Ol and 02 The metabolite Ol probably has a reduced C=3

OXO Zroupes

5« The total mebabolites accounted for about 5.3/ of the administered drug.
The ratio of the metabolites was aboubt 1l:1.

6. Horethandrolone:- The metabolism of norethandrolone was studied in
three adult males and a 7 year-old boy. Two major urinary metabolites
named N1 and N2 were detected in the "conjugated® fraction. These compounds
were probably ring A reduction productse The ratio of N1 to N2 was about
1:2.8. The total mebabolites accounted for aboubt 10.47% of the administered
drug in a 24 hr. urine specimen. On gas-liquid chromatography of the
unmodified fraction N2, a product corresponding to norethandrolone was
present and accounted for aboubt C.2% of the adminigtered drug.

7. In the freely extractable fraction from the urine of the boy, a product
corresponding to norethondrolone was also presente Thig amounted to about

0.02% of the adminigtered druge.
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Anabolic
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By utilising the method of high temperature catalytic reduction, a large
number of steroids and sterols in pg. amounts were converted to the expected
parent hydrocarbong in quantities generaslly satisfactory for analyses using
gelece The method should, therefore, be applicable to many other steroids
and sterols isolated in pg. quantities from biological sources.

Metabolic studies have been performed on anabolic steroid drugs. It
has been shown that ®*carbon skeleton® chromatography can be used to detect
mebabolitess The mebabolism has been described of two drugs which have not
been previously studied. Among the many cuch drugs reduced and separated
by gel.ce (Chapter II, B, Tuble 1C) it has only beer possible to study the
metabolism of a fews The possibility for similar studies exists for many of
these compounds.

"Carbon skeleton" chromatography may be helpful in forensic and toxi-
cological probleme in which a drug is largely or completely mebabolised.
Although unchanged drugs can sabisfactorily be detected by chemical or other
chromatographic methods, the present method in combination with g.l.c. can
be used in detection of metabolites as well as unchanged drugss

In sbructural identification, the method can be a useful companion to
mgss spectrometry as no other method applicable to pg. amounts of steroids
and sterols is yet known to give much information on the identity of the
parent hydrocarbon. In the biological field, a direct comparison of the

physical/
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physical and chemical properties of unknown natural products with the
compounds of known structure is difficult, as this involves a large number
of possible reference compoundse The present method for the tenbalive
identification of the hydrocarbon skeleton supplemented by existing micro-
chemical identification of the functional groups could be useful in
suggesting a limited number of possible structures for an unknown steroid
or sterol, and case the sclecbion and supply of relevant compounds for
comparisons These possibilities can then be investigated by other mebhodss

The sengitivity of the present method, however, depends on the nature
of the starting compounds because the steroids with more than two oxygenated
functional groups were recovered as hydrocarbons in smaller amounts than
thope containing only one or two groups (Chapter I, D III 1, Table 4; Chapter
II, C 1, Table 11)s These problems of chemical reasctivity of the molecules
due to the presence of polar groups (Beroza & Sermiento, 1963), hindered
groups like the C-ll oxygenated group (Harkness & Fotherby, 1961), and steric
interference by certain substituents like the G-J.P -methyl group (Djerassi
gt ale 1956), lidit the sensibivity of the methods These limitations are
important if the compounds are present in small amounts, i.ee in lesgs than
5 pge

The amount of contaminants is important. The sulphate conjugated
metabolites are generally present in small quantities with large amounts of
contaminating material. The glucuronide conjugated metabolites are present
in larger quantities in a 'cleaner' fraction (Laeyne gt agl. 1963; Cooper &
Kellie, 1963; Kamyab, Fotherby & Klopper, 1963; Harkness, Davidson & Strong,
1969)3/
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1969); these studies using radiocactively labelled compounds have shown the
difficulty of isolation and characterisation of metabolites in the sulphate
fraction, mainly due to the minube amounts presente 1In the present study,
the sulpbate fractions of methandrostenolone were reduceds Due to the
bulky extracts obtained after solvolysis (Burstein & Lieberman, 1953), and
possibly due to the minute amounts of such metabolites present, metabolites
could not be detected using the present method. Similar limitations have
been encountered by the workers listed above using other methods including

radioactivity.



In the search for evidence of the origin of life, interest has recently
been directed towards the organic compounds in ancient shales, oils and
carbonaceous chondrites ranging from several million to over 2.7 billion years
olde The existence of the hydrocarbons phytane and pristane in the isopren-
oid serics (Johns, Belsky, lMcCarthy, Burlingame, Haug, Schnoes, Richber &
Calvin, 1966) and steranes (Burlingame, Haug, Belsky & Calvin, 1965) in those
encient pamples have been proved by gel.c. and mass spectronetry. The
presencs of these complex sbrucbures has been irterpreted as suggesting the
existence of "biological® systemss, Purely "physical® sysbems seem less
likely o produce such structures. IHowever, lower isopreucid hydrecarbons
from Cg To O3, have been prepared hy aviogenic methods (McCarthy & Calvin,
1967); cmphasis has therefore shifted to the steraves. lcCarthy & Celvin
(1967) emphasisc that the development of abiogenic methods and the undersbanding
of products obtained from them could in future define "biological markers®;
that is, the compounds produced solely by bilological syeleas but not cbiained
by ablogenic processess

After the brief communicetion on the development of the present methed
to the Biochemical Society (Adhikary & Harkness, 1967), an enquiry wae made
by 3Sir Robert Hoblnson regerding any similarily in the pabtlerns on gelscs of
reduction products from cholesterol and the sberanes identified in Colorzde
Green River shale by Burlingame gt ale (1965)s It was interssting te note
that the reduction products of cholesterol by the present method show &
characteristic patbern of hydrocarbongs similar to Uhat present in the Coloradoe
Green River shele (see Burlingame gt gl. 1965, P'ig. 1, and Chapter I, D III

9s
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9, Fige 6B)s The present work has thus shown that the cholestane present
in an ancient shale (52 x 106 years old) could have come from cholesterol =
(8ir Robert Robinson, personal communication)s It should also be noted
that a C3p compound which may have been a sterane was detected by Burlingame
et ale (1965) in larger quantities than the Gy sterane. Since in the
present study lanosterol was reduced probably to a C3g hydrocarbon (Chapter
11, C'4), it seems justifiable, as pure speculation, to suggest that the
biosynthetic demethylation of lanosterol was beginning to appear abt about

the tlme that this shale was laid down.
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ABSTRACT

Extracts from 1-3 day-old infant urine which had been hydrolysed
by Helix pomatia enzyme followed by solvolysis, were subjected to
thin-layer chromatography. A band of material giving the 3p-
hydroxy- A steroid colour reaction with antimony trichloride staining
reagent and previously named "U,'", was purified by further thin-
layer chromatography and identified as 16pB-hydroxydehydroepi-
androsterone, Proof of identity was obtained by comparing the
chemical and physical characteristics of the chemically synthesized
compound, with those of the unknown, Techniques used were: thin-
layer and paper chromatography in 5 systems, gas chromatography,
mass spectroscopy, infrared spectroscopy and high temperature
catalytic reduction. It is excreted in infant urine mainly as a di-
conjugate,

INTRODUCTION
Infant urine has been shown to contain a large number of steroids
and steroid-like compounds which are undetectable in later life, many
of these being present in considerable quantity (1), [for review see
Mitchell (2)] . Due to a relative lack of the enzyme 3p-hydroxysteroid
dehydrogenase in the adrenal in utero and in early infancy, many of

5
these compounds have the (\” configuration, The separation and
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measurement of 8 such compounds by thin-layer chromatography

followed by antimony trichloride staining has been reported previously

(3) and two compounds, then unidentified, were labelled Ul and U,,. *

The more polar of these (Uz) has now been identified as 3B, 163~
dihydroxyandrost-5-en-17-one (16f-hydroxy-DHA), The l6a epimer
has already been reported és being a major component of fetal blood
(4, 5) and infant urine (3,6,7). The newly identified compound is
excreted in infant urine at an average rate of approximately 600 pg/

24 hr, during the first 6 days of life (3).

ISOLATION AND PURIFICATION

Hydrolysis (by Helix pomatia enzyme and solvolysis), followed by
extraction and thin-layer chromatography, was carried out as
previously described (3), For preparation purposes extracts were
streaked along the origin of the chromatogram plate and the positions
of the bands after ¢hromatography determined by carrying out the
antimony trichloride reaction only on the two outer edges of the plates,
The band of material in the centre, thus delineated, was eluted from
the silica-gel with ether; the silica-gel having first been deactivated
with a drop of water,

After separation in the thin-layer systems used for the normal
assay technique (3), the band of material previously referred to as U2
was further purified by re-chromatography on silica-gel once in the
system; chloroform:absolute ethanol (95:5 v/v) and twice in
cyclohexane:ethyl acetate (50:50 v/v),

PREPARATION OF AUTHENTIC 16B-HYDROXY-DHA

The preparation of 3f, 16pB-diacetoxyandrost-5-en-17-one from 3f-
acetoxy-5a, 6B -dichloroandrostan-17-one has been described by
Aoki et al, (8) but the preparation of the free ketol has not so far been
reported. In the method of Aoki et al, (8) the 17-enol acetate is
prepared and treated with lead tetraacetate to give 3p, 16p-diacetoxy-
5a, 6B-dichloroandrostan-17-one which is then dechlorinated with zinc
in acetic acid,
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Hydrolysis of the 16B-acetate is difficult since only mild
conditions must be used if isomerisation of the sensitive ketol is to
be minimised., The best yields were obtained by the use of aqueous
acidic methanol at 30° for 60 hr. The product was purified by
fractional crystallization from two solvent systems. Identification
was by infrared and nuclear magnetic resonance spectroscopy. The
n,m,r, spectrum (in pyridine) showed that the compound was free
from the 17B-hydroxy=-16-oxo epimer (C-18 methyl of 33,17p-
dihydroxyandrost-5-en-16-one resonates at T 9.08 in pyridine).

Experimental

3B, 16p-Diacetoxyandrost-5-en-17-one (330 mg) was dissolved in
methanol (180 ml), water (20 ml) and concentrated HC1 (5 ml) and
left at 30° for 60 hr. A further 30 ml, of water was added and the
solution evaporated to 100 ml in vacuo at 30°.  The crystalline product
which formed during this evaporation was filtered off, washed well
with water and dried. The material was then dissolved in excess
boiling methanol and the solution allowed to cool, the precipitate was
discarded and the solvent evaporated to dryness, This treatment was
repeated twice using aqueous methanol as the solvent; the total weight
of discarded material from the three operations was 120 mg. The
final residue was recrystallized t:wzce from acetone-hexane to give
53 mg of pure material; m.p. 187° - 192° [a] -19° (c 0,1, dioxan);
infrared (see Fig., 1); n.m.r. (pyridine) T 8. 961%C 19 methyl),
T9.00 (C-18 methyl),

Instruments used were as follows: melting points - Kofler block,
optical rotation - Perkin Elmer polarimeter 141, infrared spectrum -
Unicam S.P, 200 spectrophotometer with thallous-bromide-iodide
internal reflection plate, n,m, r, spectrum - Perkin Elmer R10

(60 mc/s),

IDENTIFICATION

Considerable difficulty was experienced during the purification
of compound U_ since, as found by Layne and Marrian (9) during the
isolation of 16[% hydroxyestrone, many of the procedures used
resulted in its partial isomerization to the more stable a-ketol, in
this case 3B, 17p-dihydroxyandrost-5-en-16-one (16-oxoandrostene-
diol). This spontaneous conversion was proved by separating 16-
oxoandrostenediol from compound U2 and recording its infrared
spectrum. The isomerization proceeds especially rapidly in alkaline
conditions and these were avoided as much as possible. It was not
however possible to avoid bringing the urine to pH 11.5 before
hydrolysis and extraction since this is an important step in the
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essential removal of phosphate and sulfate ions (10) which would
otherwise inhibit the enzyme hydrolysis. In an experiment in which
water containing pure 16B-hydroxy-DHA was treated identically to
urine, only 16-oxoandrostenediol could be isolated from the final
extracts, It is assumed that when natural 16pf-hydroxy-DHA is
present as the diconjugate it is immune to isomerization before
hydrolysis.

Gas chromatography could not be used for purification because the
compound was destroyed on the column when chromatographed in the

free form.

Polarity on thin-layer chromatography

The compound has identical Rf values to 16f-hydroxy-DHA on
silica-gel in the following thin-layer systems:-

chloroform:absolute ethanol (95:5 v/v) Rf = 0.30
benzene:absolute ethanol (95:5 v/v) Rf = 0.15
cyclohexane:ethyl acetate (50:50 v/v) Rf = 0.20
and on paper in the systems:-
toluene:methanol:water (100:75:25 v/v) Rf = 0,450
light petroleum (b. p. 100-1200):benzene:methanol:water
(66:33:80:20 v/v) Rf = 0,068

In all the systems mentioned it is slightly more polar than lba-
hydroxy-DHA and 3@, 17f-dihydroxy-5-en-16-one. On thin-layer
alumina it isomerizes to l6-oxoandrostenediol.

Chemical reactivity

Blue tetrazolium was reduced, indicating the presence of an
a-ketolic group. On reduction with potassium borohydride a
compound was produced with the polarity on thin-layer chromatography
of 38,16, 172 (or 16B, 17B)-trihydroxyandrost-5-ene (the two epimers
were inseparable in the systems used), Since the original compound
was an a-ketol and both 16 and 17-oxo groups are reduced to 16f-
and 17B-hydroxy groups by borohydride it may be presumed that the
16B, 17B-epimer was fornmed,

A blue colour typical for a 17-oxosteroid was produced with the
Zimmermann reagent and a red colour typical for a 3f-hydroxy A
steroid was produced with the antimony trichloride reaction on a
thin-layer chromatogram (3),
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Infrared spectroscopy

Samples of U_ and authentic 16B-hydroxy-DHA were dissolved in
acetone and smeared on both sides of a thallous bromide-iodide internal
reflection plate. The infrared spectrum was then recorded in a
Unicam SP 200 spectrophotometer. Owing to the difficulty, mentioned
previously, of isomerism taking place during purification it has proved
impossible to record a perfect infrared spectrum of U,. The spectrum
shown in Fig. 1 was produced from a purified sample specially
prepared by enzyme hydrolysis of the conjugate obtained from infant
urine by Sephadex chromatography.

Gas chromatography

The free compound was unstable on the column but the trimethyl-
silyl ether (TMSE) derivative of U, gave the following retention time
on a 1% SE-30 column, Derivatives of related compounds are shown
for comparison:-

DHA (3B-hydroxyandrost-5-en-17-one) TMSE - 4,20 min.

léa-hydroxy-DHA bis-TMSE - 8.66 min,
16 -oxo-androstenediol bis-TMSE - 9.33 min,
16p-hydroxy-DHA bis-TMSE = G, B3 mign,
U2 TMSE - 9.33 min,
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Figure 1. Infrared spectra of (top) authentic 16f-hydroxy-DHA and
(lower) compound U,. The spectra were obtained by the
use of a thallous bromide-iodide internal reflection plate.
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These data show clearly that U_ is not 16a-hydroxy-DHA: they do not
distinguish it from l16-oxo-androstenediol, but the mass spectrometric
data (see below) rule out this structure,

@as chromatography-mass spectrometry

The TMSE derivatives of 16-oxo-androstenediol, l1ba-hydroxy-DHA,
16f -hydroxy-DHA and U_ were subjected to gas chromatography-mass
spectrometry using an L%{B 9000 instrument (LKB Produkter AB,
Stockholm, Sweden) operated at electron energy 70 E.V, The column
was _packed with 1% SE-30 on silanized Gas Chrom P and operated at
232°. As with infrared spectrometry, it proved impossible to record
a spectrum of compound U, completely free from 16-oxo-androstene-
diol, It will be seen from the results shown in Fig., 2 that the peak at
m/e 129 in the spectrum produced by compound U, is slightly larger
than in the authentic spectrum - an effect readily ascribed to the small
proportion of 16-oxo-androstenediol derivative present as contaminant,

The trimethylsilyl ethers of l6a- and 16pB-hydroxy-DHA give
closely similar mass spectra, which are however quite different from
that of the 16-oxo-androstenediol derivative. The latter spectrum is
dominated by the peak at m/e 129 characteristic of 3-trimethylsilyloxy-
A" -steroids (11, 12): there are no abundant ions above m/e 200 except
at m/e 448 (M) and m/e 433 (M-15). In contrast, the 16-trimethylsilyl-
oxy-17-ketones give (in addition to the peak at m/e 129) strong,
characteristic peaks at m/e 214 and 304, The exact origin of these has
not been established: a formal possibility, which accounts also for the
ion at m/e 175, is indicated below,
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Figure 2, Mass spectra diagrams tor trunethyl silyl ethers of
authentic 16-oxoandrostenediol, lba-hydroxy-DHA, 16p-
hydroxy-DHA and compound UZ. The peaks at m/fe 73
were off acale,
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High temperature catalytic reduction

The compound was subjected to high temperature catalytic
reduction by passing it with hydrogen, in a manner similar to that used
for gas chromatography, through a siliconized glass tube containing
1-3% (w/w) platinum on siliconized glass beads at a temperature of
2000. The trapped products were then examined by gas chromatography
on both 1% NGA and 1% SE-30 columns (13). Reduction products were
produced similar to those from 16a- and 16B-hydroxy-DHA and 16-oxo-
androstenediol; the main products having retention times, relative to
Sa-androstane, of 1,0 and 0, 34 on both columns, This evidence is thus
consistent with the original compound being 16pB-hydroxy-DHA, The
specific pattern of reduction products was unique for 16 oxygenated
steroids amongst many similar steroids studied.

CONJUGATION

It has been shown by Sjovall and Vihko (14) that free and mono- and
di-conjugated steroids may be clearly and reliably separated on Sephadex
LH 20 (Pharmacia, Uppsala, Sweden). Elution volumes using this
technique were checked with a range of authentic free and conjugated
steroids and the method was subsequently used to fractionate the free
steroids and conjugates in infant urine. Separation of the steroid
components of each fraction was achieved by enzyme hydrolysis followed
by thin-layer chromatography.

21-hydroxy-pregnenolone * ' ’: "nknown 1
a plus 21 -hydroxy-pregnenolone

16a-hydroxy-DHA .t ~axo-androstenediol(3p, 17B)
. lto-hydroxy-DHA
lop-hvdroxy-DHA
- ¢

l6a-hydroxy-pregnenolor« | fa-hydroxv-pregnenolone

Androstenetriol(3p, lba, ®
17B) ' -
2 3

Figure 3, Thin-layer silica-gel chromatography of 1, the standard
compounds indicated; 2, the mono-conjugated steroid fraction
from infant urine; and 3, the di-conjugated fraction, Colour
development was by SbCl 3 reagent,
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To separate the free, mono- and di-conjugated steroids, 10 ml
from a pool of urine from 1-3 day-old infants was extracted twice with
2 volumes of ether, and the extract of free steroids was evaporated to
dryness., The aqueous phase was added to 4 volumes of ethanol:acetone
(50:50 v/v) to precipitate protein, the precipitate was washed with one
volume of ethanol:acetone and the corélbined extracts were evaporated to
dryness on a rotary evaporator at 45 . The dried extract was dissolved
in 10 ml of methanol:chloroform (50:50 v/v) saturated with NaCl, and
the whole applied to a Sephadex column [ prepared by stanaing 17 g of
Sephadex LH 20 (Pharmacia Uppsala, Sweden) in methanol:chloroform
(50:50 v/v) saturated with NaCl for 1 hour, pouring into a 2 cm diameter
column and passing further solvent through for 6 hr before use].
Elution was carried out by adding more NaCl saturated methanol:
chloroform. Mono-conjugates were found to be contained in the 50-
150 ml fraction of eluate and di-conjugates in the fraction 250-400 ml.
After evaporation to dryness, hydrolysis of the conjugates by Helix
pomatia enzyme was carried out as previously described (3). In neither
fraction could further free 16p-hydroxy-DHA be obtained by solvolysis,

Extracts containing the free fraction and the hydrolysed conjugates
were chromatographed by running 3 times in the system, ethanol:
benzene (5:95 v/v), No 16pf-hydroxy-DHA could be detected in the free
fraction and it will be seen from Fig., 3 that the major proportion is
di-conjugated. In the urine specimens studied 34% was mono and 66%
di-conjugated. Fig. 3 also shows that of the 3B-hydroxy- A~ steroids
staining with SbC.l3 and hydrolvsed by Helix pomatia enzyme, 168-
hydroxy-DHA is the major compound present as the di-conjugate,
Another major unknown compound (unknown 1) is also indicated.

DISCUSSION

The proven presence of 16B-hydroxy-DHA in infant urine plus the
known fact that under certain conditions it spontaneously isomerizes
to the more stable 16-oxoandrostenediol, now raises the question as to

what extent 16-oxo-androstenediol, which has been reported as one of

the major components of infant urine (3, 15) and tentatively identified

in umbilical cord blood (16), has been produced during extraction and

purification as an artefact.
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An explanation for the presence of 16B-hydroxy-DHA in quantity in
infant urine and its use by the fetus is not immediately apparent,
lba-hydroxy-DHA in quantity is readily aromatized by placentas when
perfused in situ, to form estriol (3B, l16a, 17B-trihydroxyestra-1, 3,5
(10)-triene (17) and 16B-hydroxy-DHA might similarly form 16-
epiestriol, 16f-hydroxyestrone (3, 16p-dihydroxyestra-1, 3, 5(10-trien-
17-one) or its isomer 16-oxoestradiol (3, 17f-dihydroxyestra-1, 3,5
(10)-trien-16-one), though the urinary output of these compounds in
pregnancy is not great, being respectively 0.8, 0.7 and 1.1 mg/24 hr
(18).

The presence of both 16a- and 16B-hydroxylase for DHA has been
demonstrated in fetal liver (19), though it is not known in what ratio the
two epimers are produced. The formation of 16f- from lba-hydroxy-
DHA must not be discounted since a high activity of a 16a to a 16
epimerizing system has been demonstrated for estriol in avian liver

(20), and for lba-hydroxyestrone in human placenta and other tissues(21).
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