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ABSTRACT

The in vitro ‘metabolism of testosterone, progesterone
and androstenedione was studied -in liver, testes, -hypo;
thalamis and cortex incubations of normal BALB/cd,

BALB/cQ and a number of sex-mutant mice carrying the
testicular feminization (Tfm) and sex-reversal (sxr) genes. .
The metabolism of testosterone was studied in
liver homogenates of BALB/c<® , Tfm (o+)§_' and _g‘_g‘(ohv)g'.

Androstenedione was identified as the major metabolite
of testosterone, in all incubations, indicating the
presence of 1?B—hydfoxysteroid dehydfogenaée activity..
Ccm\parison of the percentage conversions of tes.tosterone
to éndros‘tenedio:'.e suggested that of the three genotypes
studied, the activi‘.lzy of 178-hydroxysteroid dehydrogenase °
wag lowest in the Tfm (™) 1iver.

Similarly, the metabolism of testosterone and
progesteror.ie was studied by double-labelled tracer
experimenfs using testes minces from BALB/bjf s Tfm (d+)g‘
and Tfm (ofV) ¢ mice. The conversion of pfggesterone
to testosterone was greatest in BALB/c& incubations

and least in the Tfm (o*) incubations. These data

1ii
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sugg;est that the relative activities of the 1?T~
ketoreductase for the conversion of androstenedione to
testosterone are in the order: BALB/cd’ > Tfm --(ohv)g" >
2 (o). |

f’rogesterone metabolism was studied in testis
incubations of normal male (RBALB/c &), testicular-
femi_.nized.r sex-reversed (Tfm+(o")Blo/+++, sxx/+ &)

" and sex-reversed (+Ta++/4+++, sxr/+ ) mice. Comparisen

of the amounts of androstenedione and testosterone formed
from P suggests that differences are present in the

relative activity of the testis 3-ketoreductase. The

-relative activity is in. the order BALB/c & » +Tat++/+i+,

sxrd >Lfﬂ_1+(°hv) Blo/+++, sxxr d .

The metabolism of arldrostenedione was also studied

in testes incubation of Tfm (o+)g" and Tfm (ohv)g‘ mice,

The formation of testosterone was similar in all incuba-
tions. A number of unidentified metabolites of andro-
stenedione were detected in the Tfm (o"") incubations
which were not present in the Tfm (o) incubations.

| Finally, the aromatization of testosterone was.

studied in hypothalamus and cortex incubations of normal

iv
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BALB/c &, BALB/c ©, and test‘icular :-E’eminlized Tfm (o+)§"
and Tfm (p?v3§mice.ﬂ A new,‘répid method was developed
for studying aromatization based~on toluene-sodium
hydroxide partitioning and a novel estrogen methylation
procedure ﬁnown as extractive alkylgtion. Using this
method the formation of estrone;énd estradiol was )
detected, = The conversion og'égsyoste:one to estradiol
by hypothalamﬁs'minces was aboﬁt31:5 times greater in
normal BALB/cS" than BALB/cQ and about the same as in
Tfm (") and Tfm (™). . Totéi}aromatization by cortex
minces was about 30-50% that of the hypothalamis. The
major metabolite of testosterone in normal BALg/bcf and

BALB/c ¢ incubations was estrone while in the Tfm (™)

and Tfm (o™) incubations it was estradiél-l?ﬁ.

| The studies confirm the work of others which
suggests that thefmetgbolism of steroids is altered in
the liver and testis of the Tfm (of)/Yg? mouse, The
present work extends these observations to include a
number‘of other mice carrying the Tfm ang Sxr genes.
Using the extractive alkylation technique aromatization
was detected in Tfm hypothalamus and although the overall

quantitative yields of esf%ogep from testosterone wefe

~ similar to normals, qualitative differences were evident

v



—
-

which may be significalt to the explanation of
“altered ~h3';pothalamic-'pituitary gonadotrophin
relationships in Tfm (o+) and Tfm (ohv) mice.
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NADP
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»
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glucose-6-phosphate
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mass spectroscopy
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pamp
pCi
eV

S.E.

H

revolutions per minute

microampere

micrbCurie

electron volts

normality

molarity

standard error from the mean

the retention time of the substance

under consideration in a chromato-
graphic system measured from the

. time of injection to detection.

- a4
the ratio of the velocity of the
substance under consideration to
the velocity of the mobile phase
in a chromatographic system. -



INTRODUCTION -

Definition

"Testicular femlnlzatlon was first used by Morris
(1953) to describe a c¢linically recognizable syndrome in man
characterised by: (1) female habitus w1th well-developed breasts;
(2) absent or scanty axillary, publc and facial hair; (3) female
external genitalia with the vagina ending blindly; (&) absence
of female 1nternal genitalia; (5) 1ngu1nel or intra-abdominal
testes; (6) detectable ‘Production of estrogens ‘and androgens;
(7) elevated Pituitary gonadotroplns. The term is in part, a
misnomer, since the testes are not fewlnlzed" containing no
folllcular derivatives (Morrls. 1963) Nevertheless, it is
in-accepted use to denote an inheritegd disorder of sexual
differentiation recognized in man, mouse (Lyon, 1970),
(Stanley and Gumbreck, 1964) and cattle (Short, 1967). -

Iwo distinct forms of the syﬁdrome have been delineated.

In tﬁz "complete™ form there is =z striking re51stance to the
effects of endogenous and exogenous androgens. (Table 1).
The clitoris is small and normal (Morris, 1963; Lyon ;nd Hawkes,
1970: Bardin et. al.. 1973). In the "incomplete" form, some
responses to androgens are present and the clitoris is enlarged
and penis-like (Morris, 1963; Himathongkam et. al., 1974; Ohno
et. al., 1973; Bardin et. al., 1973).
Etloloev

The etiology of testicular feminization has been

1



unclear until recently. It is the prime example of phénotypic,'
female development in‘thé presence of a genetic male - (XY)
genotypé. Females are carriers but the exact méchanism of
genetic transmittance has not been determined except in the
mouse, wheré X-linkage has been established (Lyon\and Hawkes,
1970). ‘ |

In accordance with the theories formulated by Wolff
(1953) and Jost (Jost, 1953, 1970; Jost et. al., 1973),
different;ation of the male internal and extefnal genitalia is .
mediated by androgen secreted by the fetal testes. Hauser
(1963) first proposed that "testicular feminization\is the
inevitable consequence of ea;ly‘intfagterineitestiéular insuffic-
iency". This proposgl has been difficult to test in the huﬁan
since early clinical recognition of the syndrome is a rare
cccurrence (Money.and Ehrhardt, 1972). _ However, in the
testicular feminized (222)1 mouse, early testicular insufficiency
has been disproved by Goldstein and Wilson (1972). Testosterone
() synthesis in newborn Tfm mice is normal, but progressively
declines with age, until in the adult, androgen synthesis

lAbbreviations for the testiculér feminization characteristic

vary according to authors and species under consideration.
The notation used here for the mouse is the generally
used one of Ohno et. al. (1973). In this case the Tfm
is thought to represent an actual gene product, although
its exact nature is unknown at present. The linkage

map for the mouse X-chromosome carrying Tfm is described
in Pilgure 1.



occurs at very low, but detectable levels. Furthermore,
androgen admlnlstratlon to pregnant mice carrying the Tfm
fetus does not result in any virilization of the Ifm offspring.
This direct evidence supports the view that the failure of male
sexual differentiation is due to sndrogen resistance during
embryogenesis, ‘In utero, deficient androgen effect-is
indicated by female urogenital sinus development with failure
of Wolffian duct system development. The male geveiopment of
these structures is androgen-dependent and they will be female
in the absence of androgens (Jost, 1953). As androgens do
not inhibit the developmenu of the Mullerian System, the
absence of Mullerian derivatives has been explained by the
Presence of a testes snd the production of the "Mullerian-
inhibiting hormone" (MIH) recently demonstrated to be of a
Protein nature (Josso, 1972) and to be secreted by Sertoll
cells (Josso, 1973). MIH inhibits development of the ‘uterus
and upper two-thirds of the vagina. o

| A wide variety of explanations have been offereqd fo
explain the occurrence of testicular feminization. Maternal
interference with the "testicular inductor substance” whatever -
that Substance might be was proposed by Witschi et. al. (1957).
Decreased cellular uptake of T due to an increased capaclty

of the T—blndlng globulin has .been suggested as a possible
 cause (Tremblay et. al., 1972).
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All other proposals on e@ioi;gy; can be classified
_.and divided according to two‘thegries: the "receptor theory"
and the "metabolism theory”. According to the formér, as
 first proposed by Wilkins (1957), there is an inherited
Insensitivity of target organs to androgens. The metabolism
theory presumes the existence of metabolic defect(s) leading
to reduced (or increased) formation of steroids. Regardless
of the mechanism of testicular feminization, the lack of
effect of steroids on a number of steroid-dependéht responses
has been well demonstrated (Table 1).

Con81stent wlth the concept that the actions of androgen
are mediated in target cells through binding wloh specific cy.osol
receptors, decreased blndlng would be expected in androgen target
cells in testlcuAar femlnlzation (Liao, 197%; King and Mainwaring,

197%). In the 2;2 mouse and' pseudohermaphrodite (Ps) rat
deficient cytosol androgen biﬁding has indeed been demonstrated -
by a wide variety of methods (Tablé 22.

The avail;bility of a rumber of genetic mutant mice
carrying thé Egg;gehe ényon and Hawkes, 1970:; Ohno, 1971;-

Ohno et. al., 1973) prompted the present study of steroid
metabolism in various tissues of the Tfm mouse. According

to the “steroid metabolism"” theory of testicular feminization,
steroid metabolism in some tissues from mice bearing the Tfm

~ gene and other modifying genes affecting sexual differentiation -
(see Fig.l) should be different from génetically normal male
mice. Testes, liver apd hypothalamus were chosen for study.



-PIGURE .1:

Genetics of Tfm in the mouse.

la: genotypes. -

1b: origin of Tfm (oY)

__(from Ohno et. al., 1973)

Tfm

i

testicular feminization locus
tabby coat color locus’
Cattanacg's'"controlling element™
locus (Cattanach et. al., 1970)
blotchy coat color locus

wild type allelle

seﬁ!?eversal (autosomal) loecus

(Cattanach et. al., 1971)

‘equivalent_to



GENETICS OF TymIN THE MOUSE

Genotypes

Tem+(ON) #/7Y 9’ = Tpm o+ ¢« /Y (XY)
Tem+ (O™ Blo /Y Q'E Tm + 0PV Blo /Y (XY)

———t—t

+ T+ + /444,520 0/E +«+ Ta + + /X (XX)-’-(ﬂ/*)
e ]

Tfm-r(om) Blo/a++, SX1 d‘:—: Tf__m + ivsﬂ 7X (XX +(sxr/+ )

t } + J
i
!

FIGURE la

ORIGIN OF Ty, (OPY).... from Ohno et al., 1973

Tfm+(o'“') Blo /+++ Q { extreme voriegation of Blo)

. Tmt 1+
S
ohvt T+
Blot te
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+ +
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Extreme Blo
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There is some evidence foriresistance to T or -
dihydrotestostercne (DHT) action on the testes (Stanley et al.,
1973, liver (Bullock et. al., 1971), kidney (Dofuku et. al.,
1971) and hypothalamus (Kan et. al., 1974). Deficient
androgen receptor activity has been reported in the testicular
feminized liver (Milin and Roy, 1973), kidney (Attardi and
Ohno, 1974; Bardin and Bullock, 1974) and hypothalamus (Fox,
1975). The relationship between steroid metabolism and
alterations in steroid receptor activity in these tissues is
not known.

Steroid metabolism

_ The metabolic pathways for the production of
progestogens. androgens and estrogens are shown .in Rig. 2.
Enzymes for the synthesis of cholesterol from acetate are
jn the microsomes as are those forthe conversion of pregneno-
lone to T, while the enzymes required for side-chain cleavage
of cholesterol are in the mitochondria. - '
‘Testes | o

Interstitial tissue is the principal source of
testicular androgens, although seminiferocus tubules are also
capable of éndrogen biosynthesis from pregnernolone and progest-
erone (P) but not from cholesterol (Christenson and Mason,
1965;: Hall et. al., 1969). The formation of Cpy-17-hydroxysteroids
and Cyg-sterovids from pregnenolone_ﬁndprogesterone”has also

been demensirated in germ cells from immature ret testes
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(Yamada'et. al., 1973). The production and secretion of
estrogens by the mammalian testes has long been established

(Beall, 1940), although the cellular source(s) have not been
fully established.- Dorrington and Armstrong (1975) have
rebently.démonsfraéed specific estrogen synthesis from T in
cultures of rat Sertoli cells.

Decreased production of testicular androgens was
the first.suspected abnormality of steroid metabolism in
testicular feninization (Hauser, 1963). Peripheral
inactivation of T b§ inc:eaéed conjugation or aromatization
of.the A-ring has also been proposed (Morris, 1963). Some
of the known or suspected defects of steroid metabolism in
testicular feminization inelude (1) decreased 33-hydroxysteroid
dehydrogenase-isomerase (Morris, 1963; Bell,—l9?5). (2) decreased
173-hydroxysteroid dehydrogenase, decreasedql?a-hydroxylase
(Bardin et. al., 1973}, (3) decreased 5x-reductase (Mauvais-
Jarvis, et. al., 1968; Mauvais-Jarvis et.al., 1970), (4)
increased 20-keto-reductase (Bardin, et. al., .1973). ’

Collectively, the steroid metadolism studies of
human testes are, at best, inconclusive. Methodological
differences and the lack of control xiésue méke comparison of
the relative steroid metabolizing activities of testicular
feminized verus normal testes difficult. However, many
investigators have shown that the testicular feminized ;estés

is capable of synthesizing Qndrogens and estrogens (Table 3)
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FPIGURE 2: Metabolic pathways for the production

of progestogens, androgéns and estrogens

17a0Hase l7a-hydroxylase

17-20-1yase 017_20-lyase

17B0HSDH 178-hydroxystercid gehydrogenase
BBOHSDﬁ 38 -hydroxysteroid déhydrogenase
isomerase : AF—A? steroid isomerase |

Sa-reductase
3-ketoreductase

19-OHase clgéhydroxylase

-19-0HDH 19-hydroxysteroid thydrogenase
10-19 lyase Clo_lgﬁlyaée

178HSDH 178 -hydroxysteroid deh§drogenase

(estrogen specific
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and any differences from normal testes therefore would appear to
"be relative rather than absolute. Defects in steroid metab-
olism have been éuggested as the main abnormality in tésticular
feminization in the human. Consistent with fhe view that.DHT

is the active androgen in many tissues, Mauvais-Jarvis

proposed that Se-reductase deficiency was the cause éf

) festicular-féminization (Mauvais-Jarvis et al., 1968), although -
according to Goldstein and Wilson (1972) and Karazia e%. al.,
(1969) sa-reductase activity is normal.

. Production of T in the human testes occurs
predominantly by the aS-pathway (Bell and Lacy, 1974#). Bell
(1975) has deﬁonstratéd in vitro T production by the Aﬁ-pathway
in a number of cases of "complete” and 'incoﬁplete"testidular
feminization. An abriormal accumulation of androstenediol (AEOH,)
and dehydroepiandrosterone (DHA) from T, in vitro has been
demonstrated in human testes, in both the “complete™ and
"incomplete” forms (Bell and Lacy, 1974%). According to Bell
(1975) the major biochemical‘difference'betweén the “"“complete”
and "incomplete™ forms of the syndrome is the greater production
and accumulation of Cp1 and Clg-AF steroids from the Cpy and
Clg_aé steroid precursors in the "incomplete™ than in the
'compiete‘ form, indicating the relatively_greater activity:
of the Cpj-3B-hydroxysteroid dehydrogenase-isomerase enzyme
in the "incomplete™ form.

Produétion of T in the mouzse testes, on the other



hand, occurs predominantly by the Ay-pathway (Tsujimura and
. Matsumoto, 1974: Tsujimura et. al., 1975).

The a&ailability of control tissues has made the
study of?%te:oid metabolism in the Tfm mouse and Ps rat useful.
In the Tfm mouse, Blackburn et. al. (1973) found that test-
icular minces metabolized 2-7 times less androstenedione (A)
"to T than nofﬁal male littermates. Schneider and Bardin
(1970) and Vanha-Perttula et. zl. (1970) have demonstrated that
the Ps rat testes differs from normal  in the overall pattern of
steroid metabolism. Testes converted As-pregﬁgnolonento a
number of metabolites which accumulated to a.éreater extent
in incubations of Ps tissues than controls. Increased pre-
pubertal formation of the reduced T meitadbolites androsterone
and 5x-androstaneciol (AOHZ) which does not decrease post-
pubertally in Ps rats, as it does in normals, has been demon-
strated by Coffey et. al. (1972). Studies of the testicular
feminized rodent testes collectively suggest that (1) androgen
biosynthesis in newbqrns is normal, (2) decreased 178~
hydroxysteroid dehydrogenase and possibly other enzyme
abnormalities are evident post-pubertally (Bardin et. al., 1973).

Hypothalamus

Ohno and colleagues have described the production
of a variant Tfm line, exhibiting the development of some male
characteristics, as a result of a change in the nearby "controlling

element™ (Cattanach, 1970), which modifies the expression of the
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Ifm mtation. In their stock (Ohno, et. al., 1973), mice of
_genotypes Tfm + (o+) J/Q' [-rfm(o'*j and Tfm- + (th) Blo
4 9‘ [Tm(oh"!] (Fn.g 1) resemble development in 't:he complete
and *incomplete™ forms respectively of testicular femim.zatlon

PP SR it L L

in the human. Thus, Tfm (oP¥) mice show no vaginal opening

IR U R

at pudberty, the presence of an enlarged penis-like clitoris
with corpus spongiosium and a small epididymis and vas deferens
(ohno et. al., 1973).

Kan et. al. (197%4) have shown that in Tfm (o)
mice,luteinizing hormone (IH) levels are higher than normal.
Estrogen tut not T suppresses high post-castration IH and FSH
levels. In Tfm (ohV) mice, IH levels are normal and T or
estradiol-178 A(Eg) are both capable of suppressing liigh post-
castration IH and FSK levels. A mechanitm for the restoration
of T sensitivity to the Tfm (oh¥) nhypothalamus could involve
hypothalamic steroid receptors (Fox, 1975), or the formation-

PRI } 4*&;&;‘*‘;“‘,‘3 FTT TR AEPART WORe Y b FL A A ey

ofestrogens in the hypothalamus (Naftolin et. al., 1975).
The ability of the mammalian brain to aromatize

androgens was first suggested by Knapstein et. al., (1968)

and has been corroborated by variocus workers in a numder of

A

preparations (Flores et. al.s 197321 I"lores et. al., 1973b;
Naftolin et. al., 1971a; Naftolin et. al., 1971b; Naftolin et.al..
1972: Weisz and Gibbs, 19743 h‘exsz and Philpott, 1971: .
Liederburg and McEwen, 1975). However. the function of the
estrogens formed in the brain remains unclear. Acécording to
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Naftolin and Ryan (19?5). neonatal exposure to T induces

'_ a:omatlzlng enzymes 1n the hypothalamus responsxble for the

conversion of androgens to estrogens.

If androgens arel:urther available as substrate,
hypothalapic'aromatizgtibn by the induced enzyme occurs;,
resulting in’'a high iﬂt;acellular concentratiﬁn of eétrogen.

A, similar requirement for T stimniation of Sertoli cell
aromatization enzymes has recently been proposed by Dorrington
and Armstrong (1975). Naftolin et. al. (1975) further suggest ’
that estrogen formed ﬁrom'androgens could mediate the andro-
genic effécts rertaining to sexual differentiation of the brain
gnd'régulation of gonadotrophic secretions.

Some eyidenée for the possible involvement of

aromatizafion in-tae control of gonadotrorhin levels comes from
. Paiman and Winter (1974) in—fheir study of the complete form
of.testicular feminization in the human. They found that T
but not DHT was capable of éuppressing IH and FSE fevels.
T but not DHT can be converted to 178 -estradiol (Ep-178).
This suggests that, if aromatization is important in hypothélamic
consrol of gonadotrophins, as proposed by Ngitolin (Naftolin ’
et. al., 1975) then a defect in testicular feminization may
involve the inability of the hypothalamus to aromatize I.
By the Same argument, according to the work of Kan et. al,
(19?4) the‘breéence of the modifying gene in Tfm (ohV) mice
should also affect aiomatization. To gest this hypothesis, -

I 1 o

P e L

e

P I S
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aromatization was investigated in normal male, female,
Tfm (o¥) and Tfm (ohv) hypothalamis and cortex.

Liver

e e adte it o b o 5 e e o e St =

Attardi and Ohno (1974) were not able to
demonstra‘ce hepatic cytosol androgen receptors in the liver
of normal ‘or testicular feminized mice. However, cytosol o 3
binding of DHT in the Ps rat is deficient (Milan and Roy,
1973). CGustafsson et. al. (1975) have demonstrated that
necnatal “imprinting” of hepatic sterocid metabolism is | 1
sex-dependent and under hypothalamo-hyporhyseal and
testicular androgen control. Only one brief report
co}xceming the metabolism of steroids in the liver during
testicular feminization has appeared. Bullock et. al.
(1971), found that the hepatic reduction of T in crude

~ liver homogenates was greater in Ps rats than in normal
‘males. -ﬁorever. species differences exist between the
nom\al rat and mouse in the hepatic metabdolism of T, with
lit_tle ring-A reduced metadolites being produced in the
mouse (Jagarinec et. al., 1967). To test the hypothesis :
that neonatal ?nd.mgen insensitivity mayrirreversivly
(Gustafsson and Stenbderg, 1974a,b) alter adult Tfm hepatic
steroid metadbolism, the-metabolism of T was studied in

liver hemogenates of normal male mice and conpared with
Tfm (o*) and Tfm (oRV) liver.

Bladh i el = o AW ]




25

fn L awdies

[ -

™

Objectives of the present situdy

BT TS S S ke

The specific odbjectives of this work were
ag follows:

(1) To compare some aspects of the metadolism
of testosterone, progesterone and andro-
stenedione in the liver 'a'nd testes of a
number of genetic ﬁufant mice carrying
the _‘I‘_ﬁ_n and sxr genes.

(2) To study in vitro aromatization of
testostereone in t_he normal and Tfm
mouse hypothalamus and cortex. Problems
relating to the measuremerit of estrogen
were approached using a new method for,

the preparation of estrogen methyl
ethers. .

-—



GENERAL METHODS

(a) Measurement of Radioactivity @

Aliquots of samples to be counted were

evaporated under a stream of dry nitrogen or air with
warnming, in § dram vials and dissolved in 10 ml toluene
containing 0.5% (w/;t) PPO and 0.1% POPOP. Compounds
insoluble in toluene were dissolved in 0.1 - 0.5 ml
methanol prior to additicn of the scintillation i‘luid. :
Radioactivity in agqueous soluticns was measured by
dissolving a 2 ml aliquot in 14 ml of a cocktail
containing 0.55% (w/v) FPPO and 0.017% (w/v) POPOP in
toluene: Triton-X (2:1). All samples were counted for
a time sufficient to give a standard deviation of 2%

| or better, excepf for samples containing less than

" 200 dpm which were counted for 50 minutes each.

' All liquid scintillation counting was
rerformed using the Beckmann 1LS-233 S&stem. Two
instruments of the same model were used.  Due $6 small
differences in the counting efficiencies of each instrument,
separate quench calihration“cumé were constructed for
each instrument using a series of quenched standards,

Single label counting was accomplished |
using a full JH- or 2¥C- channel at a gain setting of
260. At this setting, the efficiencies of counting 3’!{

26
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lﬂ.c were about 48% and 75% in unquenched samples and

- about 35% and 60K in samples quenched with methanol. The

and

values obtained for CPm in each sample were corrected for
quenching using the standard quench curve to obtain a
value in dpm for each Eiample'.

Samples containing both 3H and lhé to be
counted simultaneocusly were counted'psing the half-3H
channel and the full L. -channel at a gain fsetting of
305. To total 7K and 1% counts were cpltulated using
~the discrimanator ratio method as descrided by Ulick
(1961). The equations used were as follows: |

total H =Ny - Np

o

and total 12"°=N2 - Nja |

where Ny = total counts in “H-channel

| No = total counts in lh'c—channel
a = 30 in Yo charmel

'H -channe
b = 0 in e channel
anne

Appropriate standards containing 3B and 1%C were
counted with each set of vials to determine the “a* and “"p*
ratios. In most cases, the value of “a® was small enough %o
be disregarded, while the value of "b* was 6.0 - 7.2, After
correction for 8pill into each channel, all counts were
converted to dpm,
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Chromatography

' The compositions of the solvent systems used
for chromatography are given in Table &.
1. Paper Chromatozranhy (Pc)

|
All PC was carried out as accordlng to Bush (19s52),

at room temperature (20-22°¢). The upper and lower phases
were occasionally replenished to make up for iosses dge to

) .
evaporation. Whatman # 1 chromatography paper (46 x 58 .em)

‘was cut lengthwise lnto 3 om strips with 10 cm top marglns.

2 cm bottom margins and used for all paper chromatography
separatlons without prior washlng Transfers 4o the
starting (10 cm) line were made in small volumes (0 m1)

of chloroform:methanol (1:l) op methanol under a stream of
cold air from a hair dryer. The Paper was hung overnight in
a Ehromatography'tank to come to equilibrium ang developed

q;}th 40 m1 upper phase the following day. The solvent was

allowed to advance 45 cm from the origin, - Strips were cut
and scarned for radioactivity in a Nuclear-Chicago Actigraph
III paper strip scanner in the case of radioactive material
Separations or, in the case of standards, visualized under
U.V. light or sprayed with 3.5% phosphomolybic acqu(EMA)and
heated at 80-100°C for 2-5 min. Nonradioactive reference

standards were included with each chromatography run, siﬁce

. om s m_a
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b4

large variations in Ry values were observed between different
.-runs. Radioactivity was eluted from Strips cut from papers
after chromatography in a descending system consisting of

2 10 ml1 glass syringe fitted with a 18 gauge Iuer-Lock

needle on which paper strips were hung and eluted with 10 ml
methanol. - This procedure was found to remove 95-100% of the
radiqactivity_on test strips spotted with known amounts of‘
radiocactive standards. The eluates from paper strips were
cllected in 15 ml conical centrifuge tubes and dried at
40-50°C under a constant stream of air previously passed
through Drierite to remove moisture, or altermatively, the
eluates yere'dried under a constant stream of nitrogén (N2)
with ﬁarming on a constant temperature sand bath. The eluates
were covered and stored in the cold room (approx. 4° C) until

further work-up.
2. Thin-Iayer Chromatogra graphy (TL.C) |

) TILC was performed using 20 x 20 cm sheets of
silica gel F-254% (0.25 mm thickness) on plas?ic backing and
supported on glass plates. Spotting of éx or -standards

was done in chloroform: methanol (1:1) or méthanol respectively

under a stream of cold air. All TLC separations were done
at room temperature with the exception ‘of TLC-B (Tadle 4),
where better separation was obtained at 4°C. Standards were
included wzth each run, and were located uszng U. V. light or

PMA with heating. 1%c.lavelled steroids were 1o cated by




Table 4#. Composition of chromatography systems

-~

baper chromatosravhy composition {parts by volume)
Bush A heptane :methanol :water (5:4:1)
Bush 34 N heptane:benzene :methanol :water (33:17:40:10)
Tol/FE o © toluene:light Snetroleum. methanol:
' “water (5:5:8:2

thin-laver
TIC-A chlorofgm:methanol (1:1)
TLC-B chloroform:methanol (49:1)
TLC-C . benzene:ethyl acetate (2:1)
TLC-D - -benzene-:ethyl acetate (13:1)
TLC-E cycloheme:ethyl acetate:ethanol (9:9:2)
TLC-F ethyl acetate: n-hexane:ethanol (16 13:1)
TLC-G chlorjo:f‘orm:etham;i (9:1)
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auioradiography‘using Kodék RP-14 films as follows: exposure
| time. 7 days: Kodak Liquid X-ray developer, S min. Kodak
Rapid Fixer 5 min.

3. Column Chromatogravhy

4-1%G_7 and 7a-3H-A tracér for incudbation studies
were purified on Sephadex LH-20 columms prior to use. An
0.85 x 12 em columh was packea with 1.75 gm 1H-20, previously
swelled in 20 ml benzene imethanol (17:3). The column was
washed with 10 ml benzene:methanol (17:3), followed by 15 ml
isooctane:benzene:methanol (18:1:1). p-2tcp or P2 -SH-A
(0.5 - 1.0 udi) was applied in 0.2 ml eluting solvent to the
column and eluted with isooctane:benzene:methanol (18+1:1).
Fractions were collected and aliquots (1/100th) were counted
in 5 ml toluene containing PPO (5 gm/liter). The fractions

1hc—T or 3H-A from each separation were

corresponding to
comdbined, dried under nitrogen and used for incubation studies.
&, Gas Ch;gmatog;gpﬁx (ce) ’

A Varian Model 2100 Gas Chromatograph with FID
and 4*' x 1/8" (I.D.) or 6" x 1/4%" (I.D.) glass columns packed
with 3% 0V-17 on Chromosorb W (HP) 80/100 mesh was used for
GC. - QOnditions for the analysis were: heated injection port,
3os°c; FID 305°C: oven 270°C; N, carrier gas &0 ml/min.
Similarly a 6" x 1/4" (I.D.) column of 1.5% SE-52 on
Chromosord 750, 80/100 mesh was employed: injection port
temp. 305°C; FID, 305°C; oven'§35°C: No carrier gas 40
ml/min.



" glgnal -was atteruated at 16 x 107 or 26 x 10
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Por some analyses, retention times were measured
relative to testosterone acetate as intermal standard. The
"0 for a11
analyses. Sample injection was 0.5 - 1.0 pg in 1 pl
methanol. To assure reproducibility of results, columns
were periodically conditioned'with 3 x 10 ) injections of:
Silyl-8 and baked at 280°C overnight. The coefficient of

variation for retention times on repeated injections was

- <0.1%.

$. Mass Spectroscopy (MS)

GC-MS was done on a Varian Model 2700 Gas
Chromatograph interfaced to a Varian MAT CH? Mass Spectro-
meter by a Watson-Biemann separator. Analytical conditions
were: column 6° x /4" (I.D.) giass 1.5% 0V-17 on Chromosord -
W (HP) 80/100 mesh; oven 270°C; separator 300°C; ion source
280°C; ionizing voltage 70 eV: emission current 300 p
amp: sample size 1-2 ng. Data were collected and analyzed
by an on-line computer. This work was done courtesy of
Dr.J.Rosenfeld, Department of Pathology, McMaster University.

| Low resolution mass spectra were obtained on a
Consolidated Electrodyngmics Model 21-110B Mass Spectroméler.
The lon source temp. was\from 120°é-é00°c; ionizing voltage
80 eV, Data were collectéd graphically and analyzed manually.
The assistance of F.Ramalan, Department of Chemistry, McMaster
University is gratefully acknowledged..
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(c) Derivative Formation

-~

Acetylation was in acetic anhydride:pyridine
"(1:2) overnight in the dark at room temp., followed by
evaporation of solvent under nitrogen with heating.
Trimethylsilyl (TMS) derivatives were prepared in
N,0-bis(trimethylsily)-trifluoro-acetamide:chloro-
. trimethylsilanezpyridine (45:5:2) with heating at
80°C for 20 min. RBstrogen metﬁyl esters were synthesized
by the method of Brown (1955) uging dimethyl sulphate
and by extractgve-alkylation'(EA) (Daley et al. 1976),
(d) Recrystallization to Constant Specifiec Activity

Definitive idenﬁification and purity testing
of microgram quantifies of radioactive steroids was
achieved by recrystaliization to constant specifie
activity, with carrier following the method of Axelrod
et. al. (1965). Unlabelled steroid, previously re-
crystallized from methanol and found to be pure as

. Judged by at least two methods of the following: paper
chromatography, thin-layer chromatography, gas chromato-
graphy or mass spectroscopy, were weighed to the ﬂéarest
% S pg on a Mettler M-5 microbalance. Sufficient carrier

- was taken to give approximately 1 mg of carrier for each |
2,000 dpm of radioactivity, whenever possible. A minimum
of 10 mg carrier was required for each sample and at least
2000 dpm of initial radiocactivity was required in a sample




N

for a minjimum df 3 suécessitp recrystallizations to constanf
specific aétivity. ) \.

‘ Solvent pairs methanol:water, acetone:hexane and
acetone:water weré used. The sample to be characterizéglj;
was dissolved in the minimal volume of the first solvent

with gentle warming. A few drops of. the second solvent were
added and the sample was left undiSturbed overnight at rbom
temperature or in the col& room to affect crysfallization,
The mother liquor was separated from the cgystals, trans-
ferred to a small glass weighing bottle, dried under air or

N,y kept in a dessicator for 1-2 days and weighed. The

“erystals were allowed to dry in a dessicator for 2-3 days

and a portion (1-5 mg) was taken carefully and weighed an
the Mettler M-3 balance. A portion of, or in some éases}
all of, the mother liquor was alsoc taken and weighed. The
weighed crystals and mother liguor were transferred to
counting vials and counted for 10 min in 10 ml toluene
containing FPO (4 gn/liter) and POPOP (0.1 gm/liter)  ©
(toluene/PPO/POPOP).,

The remaining crystals were redissolved in
gsolvent pair and récrystalliged as above, Mother liéuor
and crystals were separate@ énd counted. This procedure
was repeated 2-3 more times until the specific activity
(dpm/mg) in the crystals was constant and to within t 10%
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of the specific activity in the mother iquor. In some
cases when the initial radiocactivity in the sample was
low ( <5,000 dpm) identification was achieved when ths
specific'activity of the crystals in the third and "
fourth recrystallizations did not deviate more than 10%
from the average. 3 '

Purity of Solvents and Standards

e

All solvents with the exception of pyridine ang
diethyl ether were purified by redistillation from glass

- Prior to use, Mefhanol. benzene and methylene chloride for

. use in mass spectroscopy were purified in sulphuric acid

washed glassware by fractional distillation from glass

columns packed with glass O-rings courtesy of Dr.V. Taguchi._

Department of Pathology. McMaster University Medical Center.,

| Purity of all solvents was determined by GC.

Solvent (5 ml) was concentrated 100 X and analyzed using a

Packard Model 823 ac equipped with PID and a 6‘ x /4~ (I D )

glass column packed with 1.5€ OV-17 on Chromosorb W(HP) 80/100

mesh. Conditions for the analysis were as followsx heated:

injection port, 250°C: FID, 300°C; oven. 270 C: N, carrier

gas 40 ml/min, - Sk
A numbter of trace impurities were‘detected in the

T ™

solvents methylene chloride, diethyl ether, and methanol. These
compounds were found by GC and GC-MS to belong to the series of
pPthalate esters. They were found in unopened stock as well as in
redistilled golvents. Curiously, the amounts of these impurities

-4

' oo
. . RS



could be increased 100-200% by allowing the solvent to sit

ih a bottle lef't unopened overnight. This may have been

the result™of contamination via central aiz*eoridfjtioning
apparatué a:s has been suggested by other workers (Canada
Center for Inland Naters, unpublished observations). Yarious
washing procedures for the solvents (acid, alkali) were
tested but the amounts of contaminating su‘bstanc_es were
either unchanged or incmaséd. ‘Since- the characteristic
pthalate ion (m/e 149) iz a very stabdble one, contamination

of the GC-MS traces of the estrogens obtained in the benzene:
ether (1:1) eluate frow extractive alkylation was encountered.
However, by using large amounts of estrogen (5 ug) relative

to the solvent contaminants, .sati;factory GC-MS respoiises

. were o‘btainabie. P
. - Purity ot all non-mdioactive steroids was
rchecked before use by paper and/or thin—lmr chromatography.
Stoek solutions of 50 pg/ml were prepared in methanol and
stored ats4°C., The "mritj and identity of some non-radicactive
gtercids was also determined by gas chrematography ind mass
_8peciroscopy. 34~ and J;-“c-la.bened gteroids were aztored

in benzene:ethanol (9:1) or ethanol at -20°C. Radiochemicdl
urity and idenﬁts' was chacked. by papor or thi.n-lwar |
chromatography defore use. If inpuritiea exceading 3% were
deteeted. the material was purified by papers, thin-layer or

o b .
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column chromatography prior to use.

Ne enoll tion :

P . Chemic\al gseparation of estfogéns from other
gtercids by phenolic extraction has dbeen widely used in
the study of estrogens (McGregor et. al., 15611 Reed et. al.,
19?2); The toluene-sodium hydroxide par'ti'éionin;g methoad,
modified from Engel et. al. (1950) was used for all incubation
studies except the hypothalams and cortex. Incubation mixtures
were extracted with 3 X 10 ml ether. The organic and agqueous '
phases were separated by centrifugation at\ 3500 rmm for 5 min,
The agqueocus' layer was discarded or in some experiments an
aliquot (2 ml) was counted in 14 ml. Triten-X cocktail.‘, The /
ether was washed with water (10 ml), the aqueous and(organic
layers separated again by centrméation and the aqueous
discarded. The organic phase was tranaferred to 50 md

. separatory funnel and dried _'ovemi,_ght in the fume ho_od.

Toluene (20 ml) was added and extracted with 1 X NaOH (3 x 10 ml).
The NaOH was backwashed with fresh toluene (S ml) and the

toluene was combined and washed with 5 ml water., The agquecus

layer was discarded and the toluene was evaponted under a
.' gtream of nitrogen and the residue was astored in a desdicator -

for one to. two days beron ehroma.toémplw '

A method for the sapantion of ncutral from phenoclie
ateroig? 8 waa developed for the purpose of atucwing the aromati-
sation of T in the hypothalamus and cortex. Because of the limitec
conversicn, and hence the large amounta of trocer required +o
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 produce detectable amounts of esirogens, a methed
was needed “to separate androgens from estrogens to

give the estrogens in a high yield and in a purified form )

. -Sultable for crystallization. Since crystallization of
estrogens as the 3-O-methyl derivatives is easier than crystal-
lization of the parent compound, a method which combined
chemical separation of the estrogen from the androgen fraction:
with subsequent direct methylation of the estrogen fraction

to give the methylated derivatives was desiradle. A method was
de;;loped to satisfy these critgria. using a modification of
the “extractive alkylatic;n“ (BA) technique (Brvik and Gustavii,
197%). - The complete development of the technique is given
later in the Experimental section. For the hypothalaﬁus and
cortex incubations, the method involved the following: To an
ether extracf (3 x 10 ml) of the incubaticon medium and tissue
was added toluene (3.ml). The %toluene was extracted with

2 x 3 ml. 1 N NaOK én a Burrell mechanical shaker for 10 min.
per extraction at aﬁépeed getting of 7. The agueocus and
or&hnic_;ayers were separated by centrifugation and the NalH
was dackwashed with toluene (5 ml). The neutral fracticn

was hot processed any further. The NaOH was used for EA.

' To the NaOH was added 100 pl 0.1 M tetrahexyl-
anmonium hydroxide (THAH) in methanol and 5 ml 0.5 M methyl
lodide in methylene chloride (CH3I/CHpClp).  The mixture
wag shaken 10 min, centrifuged, the NalOH discarded and the
organic phase containing the estrogen methyl ethers w;s
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e

. transferreqd to an 18 x 0.4 cm‘glass column packed with
Ilorésil.‘and previously washed with a minimum of 10 ml
methylene chloride. The coRumn was developed with 5 ml
methylene chloride. Estrogen methyl ethers were eluted with
10 ml venzene:ether (1:1, v/¥) and the eluate was dried under
nitrogen and stored at 4°¢ for chromatograghy. ~

k)




TENTAT - 7S .

(a-)f‘ Liver Incudations with 7e-JH-mestosterone

Mice were énesthetized with 0.7 gi Avertin (Merck
Index), i.p. and decapitated. Livefs were rapidly dissecteg,
Placed in ice-cold 0. 9% saline and freed of adhering tissue,
A homogenate of 10-15 mg wet wt. 1iver per ml was prepared
in Medium 199 using a ground glass homogenizer. Aliquots -
(2 ml) were incubated with 0.4 13 72-3H-T (25 'uGy/mM) in
25 ml Erlenmeyer flasks in 5 ml Medium 199 containing 0.1 m1
propylene glycol for two hours at 37°C:in a Dubnoff nmetabolic
shaker (100 oscillations/min) with air.as the gas phase.
Incubations were terminated by quick fraexing and atored at
-78%¢ ~

Tissue and medium were extracted with 3 x10ml
ether, with centrifugation for S min at 3500 rpm to separate
the rhases between extractions. The combined organic
extracts were washed with 10 m) water, again with centrifugation
at 3500 r*pm for 5 min. The aqueous was discarded and the
organic was transferred to a SO ml separatory funnel, and
evaporated to dryness under airp, _ '

The extract was partitioned between toluene and
sodium hydroxide to give neutral and phenolic extracts. A
poriion of dach extract (1/100 and 1,20 reapectively) was
taken and counted in 10 ml toluene/PPO/POPOP for Tecovery.

e o ° -
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The neutral extracts were transferred in 3 x 10 nl
‘chloroform:methanol (1:1) to 20 x 20 cm sheets of siliea

gel F-254, 0.25 mm thickness and chromatographed in chloroform:
methanol at 5°C, The solvent front was allowed to advance
1?7 cm from the origin, the sheets were removed from the

=tank. air dried and rechromatographed in the same direection
in bvenzene:ethyl acefate (13:1 at room temp.) This
procedure was found to separate f. A; andfostanediol (52 &
58). (AOH,), Qinydrotestosterone (DHT) (5% & $B). Unladelled’
standards were included in each chromatographic step. The
areas cﬁrrespdnding to 52 and S8 ACH, were scraped from the
thin-layer plate and collected into a Pasteur pipette with

a 1-2 cm glass wool plug. The silica gel was eluéed with.

3 ml methanol and the eluate was collected, dried in 12 x 75 mm
disposable glass tubes and transferred to Whatmann #1 papers
and chromatographed in Bush 33. The papers were dried and
gcanned for radio;;tivity. The area corresponding to 5&-A0H,
was cut and eluted with 10 ml methancl. The eluate was
colleeted‘in 2 15 ml glasa centrifuge tube dried under air,

¢ ml methanol was added, 0.1 ml was taken for counting and

the remalning methanol was again removed by drying under

air. Carrier 5G-AQH, was added to each eluate and éecrystal-

lized four times in methanol:iwater.

The area corresponding to T and DHT was scraped

P
. N ) . \ Rl el . P Yo e ol S B . A ot nmbnpliery
N N ot el et P NI B TN o i 55t Al arb B A S M A o in v ot At ¢ o gl w4 Atk .




52

from the thin-layer plate and eluted with 3 ml methanol as
above. = The eluate was chromatographéd in Bush A and the
papers were scanned for radicactivity. Zones of radioactivity
were cut and eluted with 10 ml methancl as above. T angd

3 -DHT were crystallized from methanol: water.

The area corresponding to A was scraped from the
fhin—laye:'plate. eluted with 3 ml methanol as above and.
chromatographed in Bush A. Papers were scanned fon'nadio-
activity and the area corresponding to A wﬁa cut and eluted
in 10 ml methanol, dried under air, an aliquot (1/20) counted.

Final identification of A was achieved dy recrystallization

from acetone:hexane.
rJ

No internal standards were included for correction
of losses in the experimental procedures used. To determine
the efficiency of extraction of various steroids from liver
homogenates, liver homogenates from ﬁAI.B/c O' mice were prepared’
as descrided adove, Homogenates (1 ml) were mixed with 5 ml
Medium 199 and 0.1 ml propylene glycol containing tracer
amounts of (1) Pa-3H-T, (2) 4~ Yc-a, (3) 4-14C-5a-DHT or
(&) R =5@-A0H, . Four of each were done. The mixture
wag extracted with 3 x 10 ml ether as adbove and the ethexr
extracis were dried in scintillation vials, dried unden
nitrogen and counted in 10 m) toluene/PPO/POPOP.

To determine ir significant amounts of radioactivity

remained in the aquecus phase after ether extraction, 8 aliquots
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of liver homogenates from BALB/c mice were incﬁbgtéd with
0.4 ﬁéi ?Q-3H-T asfabove for 2 hr. The tissue aﬁd'medium
were extracted again as above and the remaining aqueous phase
wag decanted from each incubatien, an aliquot was taken (2 md)
and counted in 14 ml Triton-X cocktail. The percentage of
radiocactivity added as 3H-Tlremainihg in the aguecus phase
after extraction was calculated. |

The rate of disappearance of T and the appearance
of A was determined in one exper@mept in which liver homogenétes
{1 ml) in duplicates from BALB/c mice were incubated as
described above for varying perlods of time, up to 2 hrtf
T and A were determined in each incubation as described above.

A total of & liver incubations of normal (BALR/c )
and Tfm mice (o% and o'V) were analyzed. 11-14 mg wet wt
liver tissue was used for each incubdation., There were no
eignificant differences vetween the amounts of tissue used
per incubation tér each of the three gppotypdé used. Following
. ether extradtion and toluene sodium-hydroxide partitioning,
the major portion (ave. 73%) of the added radicactivity was
+ found in the neutral fraction. There were no significant
differéncaa between the radiocactivity in the neutral fractlons
in the three groups (Table 8). A small ( <1%) amount of |
radioactivity was recovered from the phenolic fractions of
each incubétion. Significant differences were found between

f
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the percentage of radiocactivity in the phenolic fractions
._:phen comparing QALB/§I'with fm (') (p < 0.025) and BALB/b
'with_ggg (ohV) (p < 6.001). There were no differences

between Tfm (o*) and gig (oh¥).

Small amounts of radicactivity corresponding to

5a2-AOH, were 'recovered from the incubations of BALB/co but.

not Tfm (o¥) or Tfm (ohV) (Fig.3). S2-androstanediol was
identified in incudations of BALB/c “liver after recrystallization
with carrier (Tadle 5). The percentage conversion was low in
each incudation (< 0.5%). The areas corresponding to T was
. chromatographed in Bush A and three areas of radiocactivity
éorresponding to polar compounds ait the origin, a second area
corresponding to DHT and & third area corresponding to T were
found in incubations of normal and Tfm livers as ‘shown in the
paper chromatography scans in Fig. ¥. The polar compound was

not studied any further. The area corresponding to DHT

(L0~20% of the added radicactivity) was eluted from each
incubation aﬁd crystallized with carrier. After 2 or 3 .
recryatallizationé. nd‘radioactivity remained in the ecrystals
indicating that no DHT was Yormed. . . The identitity

of this region was not established. The area corresponding

to T was recrystallized to constant specific activity (Table 6).
Rechromatography of the region corresponding to A gave only
~one compound after papef scanning (Fig.S). This material

was eluted énd recrystallized wi#h carrier to gonstant specific -
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activity (Tadle 7).
' _The‘percenfage-recovered as T and A )

from each incubation was determined from the radiocactivity
.erystallized o constant specific activity.with carrier,
calculated as the average of the n—l;and n recrystallizations
for each identification, expressed as a percentage. ‘This
percentage was multiplied by a factor %o correct for small
differences in the amount of tissue used for each Uncubdbation. |
The final resulis are expressed as a percéntage per 10 mé
tissue per 2 hours as shown in Table 8  The conversion of
T to A was similar in BALB/c. and Tfm (o%) and approximately
twice that of the conversion of T to A in the Tim (ohV)
incubations; Bxpressed as a ratioc (A/T), thé results show
differences in the metabolism of T in all three genotypes
studied, with the formation of products other than A being
most extensive in the Ofm (o¥) incudations.

 The recoveries of tracer amounts of ?1—3H—T.
7¢-3H-A, 4-1%C-DHT and 4-1%C-AGH2in ether extracts were
90.7 * 0.8% (S.B.), 93.4 * 0.9%, 97.1 % 0.8% ana 96.4 * 1.1%
' reapectively.\ Thus there were no differences in the initial
extraction which could have accounted for differences in T
and A recovered from each incudation. A small amount
(l.j%j& 0.09, n = 8) of the radiocactivity remained in the
agueous phase of 2 hour 1ncubations of BALB/c liver.—after
ether exiraction, indicating that in the system used, sterocid



FIGURE 3: Paper chromatography of Sa-androstane-
-dlol from liver incubations with ?Q-BH-

testosterone

Solvent system Bush 33 n
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FIGURE 4: Paper chromatography of testostercone
rrom‘liver incudbations with ?a-BH-

testosterone

Solvent system Bush A

| (a)‘BALB/b‘
() 2fm (o¥)
(¢) Tfm (oPV)

I origih
- XII unidentifieq
III <testostercne
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PIGURE 5:

(i

Paper chromatography of androstenedicne
from liver incubations with 7a-9H
ieatoaterone

Ve

Selvent system Bush A

(a) BALE/c
(v) ofm (HY@F oo

(o) 2 (M) @0

I androstenedione
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' RIGURE' 6

Change in 3H-androatenediono/33-
testostecns ratic with time in liver
_ incubations with ?G-Bx-toatostercnc

Conditions as descrided in text,
BALR/c &*

<~ Bach point iz the mean of

duplicate determinations.
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4

conjugation was minimal,

-

- The formatien of A rrom T ag a function of time k\
in the series of liver incubations described adove is shown
in Fig. 6., The results are expreased as the ratic of A/T.
The A/T begins .to plateau ;t approximately 50 min. and levels
. off between 90 min. and 120 min. to reach a value similar
to the result obtained from the & BALB/c 'incubationa for

two hours. P

After phenolic partitioning and chrematography
of the phenclic extracts in Tol/PE, no radicactivity above
background waa detected on seanning of the paper chromato=-
graphs. Areaa eorreaponding to By and E; standards were
cut, eluted with 10 ml methanol and counted in 10 ml toluene/
PPO/POPOP. Atteﬁ gorrection for background, small amounts
of radicactivity (260-440 dpm) were found in the regilon
correaponding to By and smaller amounts (50-100 dpm) of
radloactivity were found assoclated with E.. Theae very
small amounte of radiocactivity could not be identified by
recrystallization. .

(v) mww
entorone _

Teates were decapaulated and the tunlca albuginea
dinqardad. The remaining tlssue was minced finely with esmall
sclsaors, blotted with tlosue paper and weighed. Tisasue

minces (10-28 mg wet wt,) were lnoubdbated in § ml Medium 159

:
i
_l.
‘
t
1
3
9
»
|
3
i
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-
.

with 0.2 ucy 4-lhc.p (52.8 mCy/m) and 0.5 uci 7%=H-T

(25 Ci/mM) dissolved in 0.1 ml propylene glycel for 3 hours
in a Dubtnoff metabolic ahaker.at 100 oscillations/min at

37°C with air as the gas phase. TIncubations were ferminated
by quick treeaing and atored at -78%¢ or extracted immediately.
- Tlasue and medium were extracted with 3 x 10 ml ether with
centrifugation at 3500  rpm for 5 min between extractions %o
aeparate aqueous from organic phases. The ?;ganic extract
was dried under nitrogen, an aliquet (1/100) counted and the
extract was partitioned beitween toluene and aodium hydroxide
0 glve neutral and phenoliec fractions. Allquets of the
neutral (1/100) and phenolic (1/?0) were counted inloml
toluene/PPO/POPOP.  The remalning neutral extract was
evaporated to dryness and transferred in 3 %10 ul of
chleroformimethanol (1i1l) to Whatman #1 chromatography paper

- and developed in Bush A, After radiocactive chromatogran

seanning, all areas of radicactivity were ocut and eluted
with 10 ml methanol. Radioactivity corresponding chromato-
graphically toi (1) Ty 1% «hydroxyprogesterone, (17a«O0HP),
5a=ACH3, Sa-AOHé. (2) A, DHT and Qndroeterone. (3) P, were
rechromatographed in the chromatographic systems (1) TLC=C,
(2) TLC-B, (3) Bueh By respectively.  TIG-C separated (1)

into two zones correaponding to 17@-OHP and T and 5¢ and S8=AOHs« -

Aliquets (1/20) of all radicactive zonen were ocounted. The

ehromatographlcally Pure zones corresponding teo 1T,

e e Mt ks . Ma ek caneme s .

B S s L Tl & e

P e 2 .
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Sz-DHT, A and P were then recryatallized to constant specific

“ 'activity.

The phenollc fractions were treated as follows.
After counting an aliquot from each, the remainder was taken
to dryness under nltrogen and then transferred in 3 x 10 ul
chloroformimethancl (1:1) tc¢ Whatman #1 papers and run in
T01/PE. All strips were scanned for radlicactivity and
areas corresponding to Ej and 173-BE; were cut, eluted and
counted in 10 ml toluene/PPO/POPOP. |

A total of ten testes incubtations with 3H-T and
140-? were performed, After extraction and neutral phonolic
partitioning there were no significant differences in the
percentage recovery of 3K or 1“0 radicactivity in elther the

neutral or phenoclic fractions, '~ Radiochromatogram -

geang of the neutral extracts in'Buah A are shown in Fig.?7

After further chromatography as described above, major rones

of radloactiviiy corresponding to T, A and P were o#yatallized .

té constant apecific aotivity with the appropriate carrier
(Table 10). From the average of the specific actlivity
in the final two erystallizations, the percentages reccvered
were expresgged as radliocactivity orystallized ﬁith caériar.
divided by the total radicactiviiy recovered from the final

chromatography asteps, Correations were madé for the amall

variations in tlasue weights usmed in different incudationsz
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by‘dividing the percentage of each compound by‘the numbexr
of ﬁg tissue incubated and multiplying by ten-to give the
percentage recovered per ten mg of tissue per three hr.
The results are shown in Tﬁble 1l. While there

were no differences in tﬁe percentageas of T conversion to
A or the percentage recovered as unchanged substrate there
woere differences in iha pattern of P metaboliaﬁ. A formed
from P -accumulated to a greater extent in inocubdations of
Tfm (o) testes than in normal BALB/c. testes. Similarly,
there was a greater amount of A found in the Tfm (ofV)
incudations than in BALB/c. However less A was formed from
P in Tfm (o) than in 2fm (o) ineuvations.

~ The recovery of radloactivity in the phenolle frac-
tlons as a percentage of the total radiocactivity added was low
(1.5%). However, there were aignificant differencea between
the recovery in Tfm (o¥) and Tfm (o™) incuvaticns, compared
to the BALB/c incubations. Paper chromatograph scanas of the
Tfm (o%) and Tfm (ohv) incubtationas showed a large peak (approx.
10,000 dpm “H and 10,000 dpmi¥c) of radicactivity with Rs0.9
(Pig.8). cﬂfomatosraphicnlly. this material did not corres=-
pond to 32 or E3' The Rr wags similar to that of El. but after
erystallization of 5, in methanol: water, all the radio-
activity wdnt into the mother liquor. This material was

not found in incubations of RALB/¢ testes or econtrol

PSS P e

[ NI

it ey l‘-‘-—.‘l_“ Pt it 8 i+ e 5 At et

PR P8 TP




Paper chromatography of neutral
steroids extract from testes
incudations with ?Q-BH-

testosterone and h-l“c-progeaterono

Solvent system Bush A

(a) BAI£VQ>¢f
(3) 2fm (o*)
(c) Zfm (M)

I
II
IIT

Iy

YI

origin

. Ty 170HD, 5¢A0H2

unidentified
A

P
unidentified
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FIGURE ?



- PIGURE 81
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Paper chromategraphy of phenoﬂid

-storoids extract from teates
" incubationa with ?G-BH-

teatosterons and h-lhciprogoaterbne

Soclvent system Tol/PE
- ¢ ) kz

(‘) m ,(°+)?‘ “% -~
() 2fm (") @
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tnoubations without tlssue. .

*+ (o) Zesyes Inouvations with ¥ceproseeserene |
Animales were aneasthetliszed with 0.7 ml Avertin

i.p. and kille& by cervical dlislocation. Testes were

rapldly diseected and minced finely with sclessore. Tissue

minces (28-46 mg wet wi.) werd inoubated with 0.2 KWQ; halbgop

(52.8 mCy/pM) in 25 ml Erlapmnyar flasks containing 5 ml

Medium 199°with 0.1 ml proplene glycol for 3 hr at 37°C in

a chaking water bath at 100 osoillations/min with air as the

sa; phase. Incudations were terminatod“by Quick tég;ains

and stored at =78%C until extracticn. Tissue and meddium

were oxtracted with 2x10 ml ether followed with leo m -

ethyl acetate with centrifugation at 3500 rpm for 5 min

vetween extractions to aopar#te aquecus from organio: The

combined organic extracts were evaporated %o drynees and an

aliquot (1/100) was taken for counting in 10 ml toluene/PFO/FOPOP.

' The extract wag transferred te a 20 x-20 om silica gol Fe254

plate, previously waghed in TLG=A and chromatographed in

TLC=3 at 4°C, dried and rechromatographed in TLC=D in the

game directlion at room témp. Plates were then autoradicgraphed

for ? days. - Areha eorresponding to 5;-&083. Sa=DKT, A, P

and two uﬁidentirigd gones were garaped from the thin<layer

plates and eluted with ) ml methanel from Pasteur pipettes.

The area correaponding chrematographically to T and 17a«0HP

wac eluted and roehramatcgraphod in TIG=Q; pravicusly found

—
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-

%0 aep;;ate T from 174-0NP, Radlioactivity corresponding
Shrénatogrephically to Sa-ACHp; 5a<DHT, T, A and P wag
oryetalliszed to constant Bpecifio activity with carrier

80 before. From the average of the epecific activity of the .
lagct twe rearyetalliszations, the percentage conversion was

' detormined vy dividing the radioactivity in the eryﬂtalﬁ -

by the total radicactivity recovered from all areas recovered °
from‘tho thin-layer plate Scrapings, including radiocactivity .

at the orlain, To correct for differences in percentage.
conversion due to variation in the amount of tisoue wsed in
each incubdation, the convoréionu,wore divided by the mg ticsue
ueed in each inecudation and multiplied by ten. Results are
‘oxpreused &g percentage eonversion/lo ng ticeue/3 nr.

After the fires chromatographic atep, 5870% of
the radicactivity added as i4g.p waégiecovgrod.trom elution
7 all arcas of radicaktivity ehown in g9 The area
corresponding to the origin ‘was eluted and eounted.  Bight
major areas of radicactivity corresponding T, A, Sa<DHT, P
and three areas of unidentified radiéaativity were present
in autoradiographe of BALD/od\ Ifm + (ohV) Ro/+t+, axr & |
and+Ta +§-/-H-+. exr & inoubtatione., The region closest o
the origin wag shown to contain emalt amounts of Se-AOK, by
renryuta;}iaaiiona . : Similarly, 0, A, 5 «DHT and
P were identified in all 1neubationa.hy recryetallization.

L




Thin-li&or' chromatography of organie
extract from tuu_l incudationa with
l&-“c-prosuterom '

Solvent system 1. chloroform:methanol
| | 9812 (4°¢)

2« densenetethyl l.oetm

13:1 (22%)

(a) 2om+(e™Y) Blo/ews, gap/e O
(%) +«Ta++/+++, gxp/+ O
(¢) 2ALB/c "

i origin
i1 55155"&0}{2
i 7
iv A
v ODNT
vi P - o
vzﬂ] unidentified metabolites

70
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The tomation of 5X-AOH2 wao similar in all
incudvatione and the yleld of T and SX=DHT was similar in all
three types of incubations (Table 12), There wae more (5 x)-
A in incudations of Tfm'+ (ohV) Rlo/+++, sxrd teates than
in the BALB/od" teotes and more (2.5 x) in the incubaticns of
+ Ia ++/+++, sxr, & than in the BALB/od. The yleld of |
unchanged P subgstrate was eimilar in all incubations.

(4) Tepten Incubations with 7 -~3H-Androstenedione

Four incubations ainri'l:h 7a=JK=A were performed.
One mouse of genotype TLm (c*) (53 daye old) and 3 mice of
gonotypes 2fpm (oRY) (167 days) were used. Mice were anesthetized
with 0,7 mervertin and dooapitated.- The testes were rapidly
disoocted out, decapoulated and minced in ;oe-oold 0.9% saline.
'Tisaue minces were weighed and inoubated with 1 WG, 7a=IH=A
in 5 ml Medium 199 containing 0.1 ml propylene glycel in
a5 m Erlenmeyer flagke in a shaking water bath at 100
ogelllations/min at 37°C for 3 hours with air as the gas phase,
Incubations were terminated by quick freezing and stored at
-78°C, Tiooue and medium were extracted with 3 x 10 ml ether,
and the ether extract partit!.onod between toluene and sodium
hydroxide in the ree:ular mannex, The neutral extracte
were chromatographed 1n. Jush 33 and ‘nennno'd for radioactivity.
The major peak of radicactivity in the 2fm (o*) incuvation:
cerresponded chfomntoarnphically t0 A and was - oluted and \
eryotalliged with carriexr to constant upuciﬁé activity.

VY g.

4
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Similarly, radicactivity corresponding chromatographically

to T was 1dent1ried and quantitated in all inoudations vy -~
ricryatnllilation. The material at the oriqin. eorresponding
%0 unknown polar material, and s small amount of radicactivity
at the golvent front was eluted and counted. From the total
radicactivity recovered from the chromatographs, T and A
erystallized with carrier were expressed as percentagen per

10 mg tissue per 3 hour incuvation ag before.

In incudations of Ifm (ohV) teates, four peaks of
radloactivity wer§ geon in additicn to the major one
correaponding to A (Fik. 10)s A and T were eluted and
identified by reorystalliation. The other peaks of
rudieaotivity (Re ©.09, 0.24, 0.55.'0.81) wore eluted’
and oocunted, _Ai deseridved aﬁove. T and A orystallised
with airﬁior were oxpressed as percentages per 10 mg tiassue
per 3 hours. . B

.The reculte are shown in Table 13, There wae
no difference between the amounts of T formed in the Tfm (o*)
and Tdm (th) lnoubationa.. In the three Tim (ohV) incutations,
four products in addition to T were found which were not found
in the Tfm (o*) incuvation. The phenolic extract from each
incubation (6-10% of added radicactivity) was chromatographed
on Whatman #1 paper in Tol/PE. Radicactivity (Rg 0.16=0,18)
was deteoted in scans. of Both 2fm (%) and Ifm (oh¥) tnaubatlona
(Pigs 1. Thic materiml (9,000-10,000 eopm) did not oryutnlllaa
with By and further chatacterisation was not attompted.
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~

Paper ghroﬁatosrnphy_of neutral sterolds
extract from testes incubations with 7a=~ %
Jt-androstenedione |

Solvent .ayetem Bush By

(a) 2fm (67 ¢ ¢
(v) & ("G

(a) T origin
B S B o s
133 Y '
(3) I origin
It unidentified - |
III unidentiflied

Iv ?*
- ¥ _un&dontifled,
VI A

- ~

VII unidentified
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PIGURE 11: Paper chromatography of phenolic steroids
‘extract from testes incubations with

?L'L-73H-androstenedidne

Solvent system Tol/PE
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(e) Extractive Alkviation

The aromatizatlon of androgens in central nervous
" tissue has been studied by Naftolin et. al. (1975). Their

- method involves the lncubation of relatively large amounts

of tissue (:5500 mg) with radicactive androgen and identification

and Quantitation of the estrogen formed by neutral-phenolic
partitlonlng. chromatography, derivative formatlon and
reqrystalllzatlon. Because of the large number of steps
involved in this procedure, the overall recovery is low _
(Naftolin, 1975). To determine aromatization in the small
amounts of tissue available for the present study (<100 mg),
greater overall reco?ery was necessary to detect estrogen
formation within the limits of‘detection of the experiment.
To solve this problem, =z rapid and quantitative method for
the separation of estrogens from androgens to give the
estrogens d;:ectly as‘the methylated derivatives was developed,
based on toluene-sodiﬁm'hyq:oxigé partitioning and direct
derivatization of the alkaline extract with CH3I and THAH in
-CHaCl, as follows. . ’

' _To 0.05-1.0 mg of estrone (E;), estradiol-178
(E2717B), estradioiéi?a (E2-17a), or estriol (EB) was added
6 mi 1N NaOH. forfrecovery studies, 1.8 x 1073 uCj each
of 3-8y, JH-E,, or H-Eq was added .1 M THAH (50 11) and
0.5 M CH3I/CHpCl, (5 ml) and the mixture was shaken for 10 min.

. B 8 A N Al 8§ e,
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The organic and‘aqueoué phases were separated by‘centrifugation
and thé organic phase was dried under nitrogen and used for GC.
. GC showed that EA of Ej, Ep-178 or E,-17a gave only single peaks
witﬁ retention times corresponding  to authentic estrone-3-methyl
ether (E,OMe), estradiol-178-3-methyl ether (E,0Me-178), or
estradiol<17a 3-methyl ether (ExOMe-17a) (Tadle 1%, Fig.12 ).

X
the corresponding 3-methyl ethers (Table 15).

Purther anélysis by TIC and PC confirmed that EA ;f E, and E, gave

Florisil columm chromatography removed the tetrahexyl-A
ammonium ilodide, afyellow s0lid which was found to interfere with
mass spéctroscopy and quantitative'transfer for paper or thin-
layer chromatography. The methylene chloride extract from EA
(5 ml) was transferred to florisil colummns and eluted with 10 ml
benzene:ether (1:1), Further elution with ether (10 gi) and
ethyl acetate (10 m1) did not remove any further material from
the columns.

 Praction collection (20 drops/?ractioni of the benzene:
ether eluate showed that Ej0Me and E,OMe eluted as a single peak.
Separation of E;OMe from EpOMe on florisil was further attempted
by successiQe elution of the organic extract on florisil with
10% etherzbénzene (10 m;); 20% ether:benzene (10 ml); 30%
ether:benzene (10 ml); 40% ether:benzene (10 ml); 50% ether:
benzene (10 ml). ' Each of the eluates were analyzed by GC.
Both E,OMe and E;OMe were elutéd in the first (10% ether:
-beﬁzepe) wash. Thus, further separation of E;OMe and E,OMe

w
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. by)TLC or PC was necessary when using EA fér quantitation
“of Ey and Ep. : | | '
The time dependency of the reaction and the
_dependence on the presence of THAH for formation of the
estrogen derivatives was studied. To a series of each of
Ey (50 pg) or Ep (50 pg) in 6 ml NaOH was added-so ul THAE
and 5 ml CHBI/CHClz ‘as above. The mixture was shaken for
1, 3, 5, or 10 min.. The orgsnic and aqueous phases were
separated by centrifugation immediately after shaking was
stopped, the organic phase was ‘taken and dried under nitrogen
and analyzed by GC. ’£10Me and E,OMe only were detected in
the methylene chloride from the first (1 min) extractioen,
indiecating that reaction was complete after only one min.
Whgp THAH was omltted from the reaction mixture, no estrogen
methyl ethers were recovered from the CHpClpz.” Purthermore,
when the NaOH from experiments in which THAH was omitted
was taken and THAH and CH3I/CH,Cl, added as above, estrogen
methyl ethers weré found in the CH,Cl,, demonstrating that
in the ébseﬁce of THAH, the underivatized estrogen remained
in the agqueous phase. |
- Mass spectroscopy of the benzene:ether eluate from
florisil chromatography of the EA of Ep (i 270) gave M* 284
and a mass spectrum corresponding to that of authentic E,0Oie

(" 284, Table 16). Similarly for the EA of Ep-178 or E,-17z
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(M‘+ 2?2) Mass spectra of authentic EgOMe—l?B and EZOMe-l7a
(v 286l Table 17) respectively were obtained. . . . These
observed mass spectra agree well thh the prev1ous data |
of Okerholm et. al. (1971). _ T
o ' EA of Eg gave only one product (E3-AE) This
- material did not correspond to authentic estriol 3-methyl
ether (EBOMe) by GC (Ta@le 14 or TLC (Table 18). It
formed a silylated derivative which did not correspond to
silylated EBOMe. Acetylation gave only one product which
migrated faster than tﬁe underivatized material in TIC-E
(Table 18). The E3-EA was eluted in the 50% benzene:ether
eluate ‘from florisil columns; MS of the derivative gave
M* 316 corresponding to a dimethoxy substituted compound
(Pig.14). EA of Eg with dimethyl-(dg)-iodide substituted
for the methyl iodide in'CHBI/szclz with all other conditions.
identical to those descrived above gave the dimethyl-(df)
derivative (E3-AE-CDq _M‘* 322, Pig.ls). Silylated deriv-
atives cf EB-AE and EBLAE-CDB were'prepafed pure by GC,
however difficulty in Preparing a crystalline sample for
MS was encountered and MS of a silylated derivative wes not
obtained.

Recoveries of the methyléted derivatives of E1,
E,-178 and E3 were determined in three series of ten

extractive alkylations. [Estrogen (50 tg) with the appropriate

et e i v b = -
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-

tracer added was alkylated as described ‘above. The benzene-
ether eluates after florisil chromatography of each of the
thirty individual extractive alkylations were taken
separately, dried upder nitrogen and small aliguots {(2%)

.takeh for GC. The presence of'only E;0Me, E,OMe or Eg-AE
was confirmed b& GC of each sample. The remaining material
from each extraction was then counted in 10 ml toluene/PPO/POFOP.

Prom ‘each extraction, the recovery of methylated estrogen

was determined as: ) o _ h

épm in benzene:ether {methyl ether product) x 100%
dpm added (as starting material)

Recoveries were calculated to be 98,6 ¥ 0,9% (S.E.)
for methylation of E, 97.6 % 0.9% for methylation of Ep-178
and 96.4 * 0.8% for methylation of Ey. Crystallization of
3H—ElOMe in acetone-hexane and 3H-EéOMe~l75' in acetone:water

-with appropriate carrier in@icated that the brodqcts were
more than 95% pure. Radiocactive E,-17a was not available
for recovery studies.

Modification of this mild alkylation “procedure
allowed for faclle methylation of 2-hydroxyestrone, a com und
easily oxidized in agueous base. Standard 2-0HE1 (10 mg),
2-methoxyestrone (2-OMeE,) (5 meg), 2,3-d1methoxyestrone
€2,3-di0MeE;) (10 mg), 2-hydroxy-B-methoxyestéene (é-OHEl-OMe)
and 2-hydroxyestrone-2,3-methylene ether (2 mg) were supplied

.
R PO L i
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courtesy of Dr.K.I.H.Williams,” Due fo-tde ingtability of
"2-0HE,, caution was riecessary to insure purity. Id spite
of a slight yellow;browh discoloration of the material on
receipt,'?reparation:of‘the ™S derivative.and GC showed
the material to be essentially 100% pure (Pig.16).

Similarly, the purity of 2-OHE,-OMe and 2-OMeE as the TMS

Berivatives was found to be 100%, ~ 2,3-diO0MeE)

gave one peak by GC.which was unchanged in the presence of

silylating reagents. The standards and derivatives were L/

i/

_ stored under air at -20°C.  The purity of 2-OHE;, 2-OHE,-OMe
and 2-OMeE; (TMS derivatives) stored in benzene-ethanol (9:1)
was checked regularly and after two months storage 1n solvent
at a concentratlon of approxlmately 1 mg/ml only sl ght
impurity (<2%) was found by GC.

Methylation of 2-0HE, ﬁas/as follows. / 2~0HEy
~ (0.05-1.0 mg) was.transfefred,directly to a 15 mi silanized
glass tesf tube with a Teflon-lined screw-cap stopper.' 0.5 M
CH3I/CH,Cly (5 ml) was added, 0.1 M THAX (100 #1) was added
and the tube was flushed w1th argon and shaken gently to mix.

0.1N NaOH ($ml) was carefully layered onto the organic phase

T
~

so as not to mix with the methylene chloride. The tube was
again flushed with argon, capped and shaken vigorously for -
2'min._ No colour change was observed. [The organicuand
agqueous phases were separated by centrifugation and the

organic phase was dried under nitrogen and used for gas
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_chromatography directly or transferred to a floriéil column

and -developed with methyle;e chloride (5 ml). The derivatives :
were eluted with 10 ml ether followed by 10 mI ethyl acetate.
- The eluates were collected separately and dried under -
nitrogen.' GC analysis of toe organic phase directly showed
material‘q%th,a retention ?ime corrésponding to that of
authentic 2,3-diOMeE; (Ta‘gie 19, Pig.17). This material:
was eluted with ether and/ethy; acetate during.florisil
chrometography of the reéction mixture and analyzed by MS,
to give a mass spectru?fidentical to that of authentic
2.3-diOMeE1 (Pig.18) and in good agreemeﬁt with the previous
data of Hoppen and Siekmarn (1974). Similarly, EA of 2-OMeE;
and 2-0HE, ~OMe gavefé.B-diOMeEl (Teble 19). Comparison of.
the relative peak aéeas from the GC data for the starting
material (2-OHE; gé the TMS derivative) for the methylation
'fof 2-0HE; with thét of the product, 2,3-d10MeE; suggested

a fecovery in #ﬁe organic extract of 52-60% (Pig.l7).
However, since;éroper'internal‘étandards were not included

in the GC peak height analysis this estimate can only be
approximate., Radzolabelled 2- OHEl and its methylated
derlvatlves were not avallable from any source and it was

not within the scope of the present work to attempt synthesis.,
Esti??tion'of recovery by UV absorption was considered. The

absorption maxima of 2,3-di0MeE; was determined to be 234 mu .

in methanol (Pig.19) and 2 standard curve for quantitation of
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2,3-di0MeE; in methanol was constructed (Pig 20) A
commercial supply of 2-0HE; was necessary at this time but
no source willing to.supply the material in a pure form
could be found and further recovery studies were abandoned.
The methylation of 2-0HE; was possible onl&
‘-after dissolving the compound first in CHBI/CH2C12 with
THAH present, before the addition of NaOH. 1If 0.1 N NaOH
was added prior to.methylating agents or if the THAH was
not mixed into the organic phase pridr to the addition of
NaOH, rapid oxidgticn as.indicated by the appearance of
yeilowing of the.mixturé‘and the appearance of at least
7 products by GC occurred. '
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. PIGURE 12 . Gas chromatography of estrone and .
estradlol-178 extractive alkylation

A standard El and EIOMa
B EA of El '
C EA of 32178

Varian 2100 FID GC ‘with 6" x 1/4"
(1.D.) glasslcqlunm;. 1.5% SE-52 on
Chromosord 750, 80/106: injection
_-305 Cs PID, 305 Cs. oven, 235 Cs N2
carrier gas 40 ml/mins 0.5 pg;
attenuation 16 x 10711
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PIGURE 13: Column chromatography of “H-estrone
' and JH-estradiol-178 extractive
alkylation

Methylene'chldride extract
from EA of JH-E, and JH-E, on

~ 18 x 0.6 em florisil columns.
EBluting solvent, benzene: ether
(1!1)0. . . |

-
L

ﬁach point represents radio-
activity in one fraction
(20 drops) -

50
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 PIGURE 1l4: Mass spectrum of estriol extractive
alkylation: non-deuterated derivative

Product of EA_with'CH I

, 3
Spectrum obtained on

Consolidated Eléctrodynamics
Model 21-110B Mass Spectrometer,

/ ion source 150°C
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 PIGURE 151

Mass spectrum of estriol alkylation:

deuterated derivative

Product of EA with CDBI
Spectrum obtained on
consolidated Electrodynamics
Model 21-110B Mass Spectrometer,

jon source 150°C
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PIGURE 16: Gas chromatography of catechol
estrogen standarés

(a) 1.0 pg 2,3-diTMS-E,
(b) 50 ng 2,3-diTMS-E,
(c) repeat (v)

A

* Varian 2100 FID GC with 4
6" x 1/4~ (1.D.) glass column:
3% OV-17 on Chromosorb W(HP)

80/100;: oven 270°C: attenuation . -

16 x 10711

. 96
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FIGURE 171 Gas chromatography of catechol
o | 'estrogenhextractive alkylation
~
(a) I standard 2',3--diOMeE1
(b) repeat
(c) blank, ether:ethyl acetate
eluate from florisil column
(d) EA of 2-OMeE;
) I ~ blank peak
IT -—2.3-diOMeE1)
(e} EA of 2-OHE, -OMe
I - b;aﬁk peak
ITr - 2.3-diOMeE1
(£) BA of 2-OHE,
I - blank peak
IT - 2,3—-diOMeEl

Varian 2100 FID GC with 6°* x 1/4*
{I.D.) glass columm; 3% OV-17 on
Chromosord W(HP) 80/100; oven 270°C;
attemuation 16 x 10710
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FIGURE 18: Mass spectrum of 2-hydroxy-estrone
' - extractive alkylation

Product of EA of 2-OHE,

Spectrum obtained on
Consolidated Electrodynamics
~Model 21-110B Mass Spectrometer,

jon source 200°¢
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FIGURE 19:  Absorbance spectrum of 2,3- |
| dimethoxyestroné in methanol
¢ - 2,3~-dimethoxyestrone standard
in methanol (100 pg/ml)
s - methanol blank
pathlength 1 cm

—
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. PIGURE 20: ' Absorbdnce of 2,3-dimethoxyestrone

in methanol of 234 mu

© - Bach point represents a single
determination
Pathlength 1 em
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Table 1%. Gas chromatography of
estrogen methyl ethers

/ standards retention time/
estrone ' ' 0.815
estradiol-17a ' AN 0.741
estradiol-178 - 0.722
estriol 1.722
3-methoxyestrone 0.629
3~-methoxyestrone-17a 0.669
3-methoxyestrone-178 0.629
3-methoxyestriocl . : 1.236

extracts¥ .
estrone-EA - 0.629
estradiol-l7a~EA _ 0,670
estradiol-1728-EA 0.629
estriocl-EA ) 0.964

* Varian 2100, 6 £t x'1/% in 3% OV-17
Chromosorb WHP 80/100 mesh 270°C

# relative to testosterone acetate which
has a retention time of 9.40 min.

# organic phase from extractive
alkylation:retention times unchanged
after trimethylsilylation of extracts



Table 1

standards

estrone
estradiol-178

- 3-methoxyestrone
3-methoxyestrone-178

' »*
extracts

estrone-EA -
estradiol-178-EA

5. Thin-layer and paper chromato-
" graphy of estrogen extractlve

alkylations.

Rf in solvent system

TLC-C

0.43
0.26
0.58
0035

0.57
0.36

TLC-D
0.13

0.04 .

0.33
0.13

0.3
0.1%

Tol/PE

0.03
0.001
0.83
0.62

* organic phase from extractive

alkylation .

—
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Table 16. Gas chromatography-mass spectroscopy
of estrogen methyl ethers.
1. Estrone and estrone-3-methyl ether.

173
185
186
207
211
213
214
226
242
271
272

#+ penzene:ether eluate from

Ey - 4E

D)
L)

kg}-‘\»".ﬂ\.d =3 0N
WO 00 00L AN 0000 \n

ot |l =33 NN

-
NoH
o O\

mase

25
23
75

91
115
131
145
147
159
160
161
171
173
186
197
199
221
222
267

281
28
28
285

extractive alkylation of estrone
GC-MS conditions as described in

‘General Methods Varian MAT CH7 Mass

Spectrometer

~

.......
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fable 17. Gas chromatography-mass spectroscopy
of estrogen methyl ethers. 2. Estradiol-
178 and estradiol-l78-3-methyl ether.

. . > . . e : - &*
Ez-178 E,-178-0Me E,-AE
rel.abun. mass rel.abun. mass rel.abun. nass
1.4 77 10.6 77 10.5 13
21.6 91 146 79 . 20.0 13
10.3 93 13.7 91 - . 23.2 135
11.5 95 10.6 105 13.9 145
24,1 115 17.1 107 - 85,1 147
15.2 121 10.2 108" 11.3 £nss
18.3 128 14.3 115 15.5 - 149
15.5 129 13.5 116 48.0 159
16.3 134 15.7 120 75.0 160
15.5 135 28.6 131 28.8 171
10.1 14 21.1 133 62.1 17
13.6 144 1h.4 141 57.0 17
13.1 1hs 17.2 144 71.2 186
80.1 147 23.4 145 10.6 193
16.7 148 47.8 146 14.3 195
23.3 158 13.5 147 22.1 197
30.1 159 20.2 157 33.5 199
41.5 160 15.1 158 37.0 207
12.1 161 27.2 159 87.0 22]-
23.2 171 24.8 160 43.4 227
13.2 172 13.1 170 16.9 267
4o.4 173 14.2 171 13.4 269
35.1 174 40.2 172 67 .4 281
14.7 185 11.7 173 100.0 286
64 .5 186 48 .4 185 27.7 315
10.8 197 ~16.7 207 21.5 324
30.3 199 28.5/ 213 61.3 342
28.7 200 17.0 214 - 42,2 355
10.3 221 15.1 226 18.4 356
28.0 227 1.5 242 0.5 369
100.0 286 100.0 270 31,0 394
18.6 287 22.8 271
14,4 315

* penzene:ether eluate from extractive
alkylation of estradiol-178
Yarian MAT CH7 Mass Spectrometer
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standaggg

estriol -
3-methoxyestriol

*
extracts

estriol-EA
estriol-EA-act

110

Thin-layer chromatography of
estriol extractive a;kylation

Rf in solvent system

c © E P G
0.03 0.20 0.24 0.1%
0.0k 0.28 0.26  0.26
0.22 0.48 0.55  0.56
n.d. 0,63 . n.d. n.d.

*benzeneiether eluate from EA of s

+acetate derivative of’pstriol EA
n.d. - not done; EA - extractive alkylation

f
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Table 19. Gas chromatography of catechol .
. estrogen and methylated
: derlvatlves
\
standards - retention time%
2-hydroxyestrone (TMS) 0.8%9 -
2-methoxyestrone (TMS) 0.946
2-hydroxy-3-methoxyestrone (TMS) 0.946
,3-d1methoxyestrone 1.092
L 3
extracts .
2-hydroxyestrone-EA B 1.092
2-methoxyestrone-EA ' 1.092

2~hydroxy~-3-methoxyesirone-EA ' 1,092

\\

* organic phase from extractive alkylation:
retention times unchanges after trimethyl-
s;lylatlon of extracts

£ relative to testosterone acetate which has
a retention time of 9.4 min. .
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(£) HXpothalamus and COrtex Incubations with 5-1%¢ -Testosterone:
29 day old Normnl Mice

© A total of 1% incubations of hypothalamus and
cortex tissues were performed using 32 mice. For the first .
four incubations (10) BALB/cT and (10) BALB/Q mice (29_day§\
0ld) were kiiled by cervical dislocation and decapitated.
Hypothalamus and cortex tissues were obtained as follows. -
'Using a'sharp pair of small scissors, the skin on the head
was cut down the midline, exposing the skull cap. The skull
cap was then %plit. again down the midline; therebyuéxposing
the brain. The brain was carefully lifted out of the brain
cavity and the pituitary s%alk was severed. Using a sharp
scalpel, a block of tissue approximately 2 mm cubed. bounded
anteriorly" byhthe optic chiasm, posteriorly by the mammilary .
bodies and on both remaining sides by the limbic areas, was
cut #nd Placed in isotonic saline on ice. The hypothalamic
blocks thus obtained from 2-10 mice were combined, minced
finely with scissors, bld%fed”aiirand'weighed. Cortex slices
were also taken and minced in a similar manner.
‘ The hypothalamus and cortex minces were then
_ transferred to 10 ml Erlenmeyer flasks containing (4-c-)
T (51Ci), nicotinamide adenine dinucleotide phosphate (NADP,
. 10 umole), adenosine'triphgsphate (aTP, io pmole), glucose-
6~phosphate (G-6-P, 60 pmole) and glucose-6-phosphate
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dehydrogenase (G-6-PD, 26 units) in a total volume of
1.0 ml Hank's balanced salt solution, pH 7.%. A control
incubation containing no tissue was also prepared. All
flasks wefp tlghtly capped with Vacutalner rabber stoppers.
purged with 95% 02/55 CO, and incubated in a shaking water
bath-at 100 oscillations/min for 3 hr at 37°C. Incubations
were terminated by quick freezing and stored at ~78% unfil
extraction.

To each incubation flask, 50 pg each of By,
E, - 178 and E; in 0.1 ml ethanol each and tracer amounts.
(20,000 ‘dpm each) of H-E,, JH-E,-178 and 3H-E3 were added
for recovery. The tiséue and medium were then extracted
with 3 x 10 ml ether using a Burrell mechanical shaker
set at.speed 7 for 10 min on each extraction. The . |
aqueous and organic layers were separated by centrifugation
at ‘3500 rpm for 10 min between each extraction. The
icomblned organic extracts were dried undEr>n1trogén.
Toluene (3 ml) was added to the dried extract and extracted
with 1 N sodium hydroxide (2 x 3 ml) using the Burrell
shaker for 10 min on each extraction. The combined sodium:
hydroxide extracts (6 ml) were backwashed with toluene (5 ml)
and the sodium hydroxide was used for extractive alkylation.
EA was carried out as described in (e) and by Daley et. al.

(1976). Briefly, to the sodium hydroxide extract (6 ml)
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0.1 M THAH (100 pl) and 0.5 M methyl iocdide in methylene

" chloride (5 ml) was added. The mixture was shaken 10 min
‘on the mechanical shaker and centrifuged 10 :;ﬁn at 3500 rpm
to separate the phases. The NaOH was discarded and the-
ChzCly was transferred to a florisil column and eluted
with 10 ml benzene:ether (1:1). The benzene:ether

eluate waé collected and dried under nitrogen. Methanol
(100 p1) was added and an aliquot (1 ul) was taken and
'analyzed by GC to can.f::.rm the presence of the estrogen
methyl ethers and completion of the methylation reaction.
(Pig.21'). An é.dditional L pl was taken and transferred
to counting vials, dried and cou:nted in 10 ml toluene/PP0/
POPOP. .

\.
1

- The remaining ei‘trac‘_t was dried under nitrogen
and transferred in 3 x 10 pl methanol to a2 20 x 20 em
plastic sheet of silica gel P-254%, previocusly washed in
TIC-A. The plates were developed in TLC-C at room temp.
<This system was previously found to separate E,OMe ether,
BpOMe-178, EgOMe-17a, E3~diOMe, Ey, Ep-17a, E,-178 and E,. Unlabel- _

led standards were run on each thin-layer plate for
: - _‘_"____._.

comparison.
‘ /
After development, the sheets were dried in air

and autoradiographed for 7 days using Kodak RP-14 Medical
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x-ray fi_lm‘ , Cold standards were visualized by spraying
with 3 5% PMA and heating at 80°C for 5 min.
Areas of radiocactivity corresponding chromato-
graphically to ¥c-EjoMe (Rg 0.51), T¥c-2,oMe-178 (rg 0.32)
and unidentified radioactivity (Ry 0.37 and 0.26) (Fig. 22)
were scraped from the plate and éspirated inte a Pasteur
pipette packed with 1 om methanol-washed glass wool.
The silica gel_ was then washed with 5 ml warm methanol
and the ”eluate was collected and dried under N,. Recqveries
by this method were determined in two separate series of
10 elutions of >H-Ey0Me (50 ngs 20,000 dpm) and JH-E,0Me-178
(50 pg; 20,000 dpm) spotted on silica gel. The recoveries
of 10 determinations of each steféid were 82.3 % 1.9 and
S e—go-E 2 0 (mean * S.E.) respectively. ‘
e e— 1‘-‘ C-E,0Me was identified in all four incubations
by recrystalllzat:.on from acetone:hexane nth approxmately
,10 mg carrier. Similarly approximately 10 mg cold E,O0Me-178
e _._was used to recrystallize each of the eluates corrééponding
to EZOMe-17a‘(TaBIe~zQi.
| The appearance of a\_sjp?f" (Ry—~0+372) close to
E»O0Me-173 (Re 0.32) was unexpected. 'Separation' wias poor
by TLG-C. In a separate chromatographic run in TLG-C, the

Re's of ExOMe-178 (0.32), EpOMe-17a (0.37) and 2,3-diOMeE,



(g}

) 116

\

¢(0.32) wére determined. Thus it is possible that the

F' S

second spot of Ry between that of E,OMe and E,OMe-178
may ?ave been formed from é-OMeEl or 2-0HE10Me.
Formation of 20H-E; and subsequent dimethylation by
the AE procedure would have been unlikely, since
2-OHE, wéu;¢ have been destroyed by the addition of
IN NaOH (Daley et. al., 1976). s
From the average of the specific activities
in the crystals in the n and n-1l crystallizations.thei
percent conver31on was expressed as a percentage of
the starting material (5 uCi 4—1h -T) per 100 ng
tissue (wet wt) in 3 hours. - The results are shown

in Table 21. e

Hypothalamus and Cortex Incubations with 4- #CJ

Testostercne: 30 day old Tfm.(o') and Tfm (™) mice.

A total of 6 incubations of hypothalamus
and cortex tissues were performed;using l2 mice. Tﬁb
(2) Tfm (o') and 10 Tn (o™Y) mice.  Hypothalamus and
cortex tissues'were obtained as deseribed in section\(f).
Incubations, exfraction. work-up and chromatography were
as described.- |

Proof of identification of estrogens as |
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* products’ of T .metabolism was established by (1) GC
analysis of the EA residue to confirm presence of
estrogen methyl ether derivatives and completion of
the EA reaction, as described ip (£). (2) T1C

and auforadidgraphy of the EA eitracts; (3) Crystal-
lization.with carrier, _ .

From the TLC autoradiogfaph.(F{g. 23)
areas of radioactivity corresponding chromatograph-
ically to l¥¢- 2OMe-178 (R, 0.36), 1aC-EiOMe7(Rf 0.56)
and one unidentified product (Rf 0.21) were found.
These zones were scraped from the TLC plﬁtes and
recovered as described in (f). These spots were
not present in a control incubation without tissue.
The results are shown in Table 22. . 1¥c-E oMe-178

was identified in 211 incubations ﬁy recrystallization

‘and a small amount of le-EIOMe was idenﬁifié& in fhe'
Tfm (o”) hypothalamus incubation.  The small amounts
of radioactivity (< 400 cpm) fouﬁa in the other E, OMe
' e £ oMte to ve

identified by recrystallization.

eluates were too low for any
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and

e

' PIGURE 21: Gas chromatography of extractive

alkylation of BALB/¢ hypothalamus
and cortex incubations with‘lhc-

testosterone
(a) - (e) methylene chloride eluates

(a) hypothalamus male

(b) cortex male

3
(¢c) hypothalamus femzle x
(d) cortex female .

(e) blank (E1 and E, added)

(£) - (J) benzene ether eluaies
(£) hypothalamus male

(g) cortex male |

(h) hypothalamus female

(1) cortex female

(3) blank (E; and E, added)

3

Varian 2100 FID GC; 4* x 1/8" (I.D.)
Aglass column; 3% OV-17 on Chromosorb
W(HP) 80/100;: oven 270°C; attenuation
16 x 107
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. PIGURE 22:

cortex incubations with y-1

120

Thin-layer chromatography of extractive

alkylation of BALB/c hypothalamus and
4
(od

testosterone

Solvent system benzene: ethyl acetate
(13:1)

(2) hypothalamus male

(b) cortex nmale
{¢) hypothalamus female
(d) cortex fema;e

-Spots corresponding chrﬁmatographicallyh.
in descending order, to E,OMe (Re 0.50),
unknown (Rp 0.37), E,0Me (Rg 0.32),
unknown (Ry 0.26) and origin (small

spof at bottom).
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- EXIGURE 23: . Thin-layer. chromatography of
' extractive alkylation of Tfm (o)
and Tfm b hypothalamus and
cortex‘ incubations with RV

testosterone

Solvent system benzene:ethyl
« acetate (13:1)

(1) hypothalamus Tfm (o)
(2) cortex Tfm {o%)
(3) hypothalamus Tfm (éhv)
(%) cortex Tfm (ohi')
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FIGURE 23
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DISCUSSION

(a) Liver Incubations with ?cz-3H—Testosterone

Studies have shown that a number of androgen-
de_pendent liver response.;. are absent in the Stanley-—‘
éumbreck Ps rat (Bullock et. al., 1971: Neuhaus and
Irwin, 1975: Bardin ef. al., '_19?0). These observations
have been taken as indirect evidence to support the belief )
that testicular femin;lzation is characterized by a genetic
defect in the androgen receptor pro ein (Binarsson, et. al.,
1972). S S "
It is known that the metabolism of steroid
hormones in the rat liver is subjected to large sexual
differences (Schriefers, H., 1967). These differences
are due to t’he "orga_nizati:onal effect" of neonatal
testicular androgen on steroid metabolizing enzymes during
a critical periocd of development (DeMoor and Denef, 1968:
Kraulis and Clayton, 1968). -

~ Binarsson et, al. (1972) found that the
metabolism of A and 4-pregnene-3,20-dicne in NADPH-
A sﬁpplemented liver microsomes of the Ps rat was different
from fhe n'ormal male pattern. Se-reduction was 7-10 times
greater in Ps than in normal male rats. There was no

127
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38-hydroxysteroid oxidoreductase for A in Ps rats, no
20z-hydroxysteroid oxidoreductase activity for h-pregnene-
3,20-dione, about half as much 208-hydroxysteroid oxido-
reductase activify for 4-pregnene-3,20-dione, about half
as much 1léaz-hydroxylase activity for A and the 6%:hydroxylase
activity for 4-pregnene-3,20=dione v?r’as about half that in Ps
rats as in normals. '
Species_diféerences exiét between the rat and
mouse in the metabolism of T in NADPH supplemented hepatic
microsomes, wlth llttle ring-A reduced metabolites produced
in the mouse (Jagarlnec et. al., 1967)}. In this study,
small amounts of the Sz-reduced metabolites DHT and AORw~
were identified in incubations of mouse liver homogengtes
(Tfable 5 ). The major metabolite of T, identified and
quantitated by crystallization was A (Table'?)¢ However,
the pattern of T metabolism in BALB/b , Ifm (ot) and Tfm (oPV)

. mice incubations was different.

The sum of the percentages (of starting material)
recovered as T and A for the BALB/¢ incubations was 61.9%.
Thus, assuning equal recoveries, 38.1% of the starting
material was converted to polar metabolites (Fig. 4 ).
Similarly the total percentages of T and A for the Tfm (o™)

~and Tfm (o NV} jncubations were 53.6% and 4%.2% respectively,



léaving 46.4 and 55.8% of the precursor converted:to
products other than T, A or the Sa-reduced metabolites.
Some of the polar, hydroxylated metabolites.of T formed
in significant yield in mouse liver incubations have
been identified as 7a-hydroxy-testosterone and

68~hydroxytestostercne (Jagarinec et. al,, 1967).
| However, these metabolites were not looked for in this
study. _

| The formation of A from T in all incubations

indicates the presence of 178-OHSDH, as expected, in
BALB/c 1liver and in both Ifm (ot) and Tfm (oBV)
livers., Comparison of the percentage convérsion of
T to A and the A/T ratios (Table 8) suggests that of
the three genotypes studied.rthe activity of 173 -OHSDH
was lowest in the Tfm (o) lifer. A summary of
these resulis has been presented elsewhere (Daley
" et, al., 1976). |

L
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{b) Testes Incubations with 7&-3H-Testosterone and #-1§C-Progesterone

The most striking differences between the
incudations of 7a¢-3H-T and h—lac-P with testes minces
from BALB/c, Tfm (o) and Tfm (V) are found in the
relative amounts of testosterone formed from progesterone

(Tadle 12),

While 23.3% of the radiocactivity added to BALB/c

1%-P was recovered as unchanged 1%c-p, 11%

incubations as
* of the substrate‘nas converted %o lkc-T. .Similarly. in
the incubations of Tfm'(o+) and Tfm (ohr) testes, 34, 3%
and 13.3% of the substrate was unchanged while 0.8% and
2.2% respectively was converted to 14 C-T. The amounts

of 1& C-A formed Irom 14

C-P were greatestin the Tfm (o¥)
incubations, (7.5%): less in the Tfm (ohV¥) incubations,

- (1.3%); and least in the BALE/c incubations (0.7%).
Together this suggests that the relative activities of
the 17-ketoreductase for conversion of A to T arein the
order: BALB/c > Tfm (oh?) > Tfm (o%). This conclusion
is only correct if the rates of formation of other produects

from A and T in all the incubations are the same. qb'

-

In their study of testosterone formation from
progesterone in testis of the Stanley-Gumbreck Pz rat,

|
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Aronin et. al. (19?#) found that in incubations of minced
testis without added NADPH, A accumilated more in the Ps
incubations that in the normal incubations.' T accumulated
more- in the normal incubations than Ps. Thus, their
results are similar to the present work. Similarly, )
Aronin et‘ al. found very low formation of AOH? and
‘androsterone. However, when the incubations were repeated
- in the presence of an NADPH-generating systen, ACH, was the
major product recovered from the normal incubations while
androsterone was the major produc% formed in the Ps
incubations. Therefore, while the difference in
17-ketoreductase activity was evident.in incubations of

the normal, Tfm (o') and Tfm (ohv)' tissues, without

the addition of cofactors, it is possible that there

may be other differences which only dbecome apparent

under different conditions: for example, various NADPH
concentrations. However, in the present .study, the
effects of NADPH on the metabolism of progesterone

or testosterone were not investigated.
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(c) Testes Incubations with C-Progesterone

| Ellis and Berliner (1965) demonstrated that

both the A" and A5 pathways (Pig. 2) are present in
mouse testes leading to the productien of T from P and
S-pregnenolone.

Tsujimura et..al. (1975) ﬁave also shown
that in immatufefmouse.testis, incubations of NADFH-
supplemented homegenates with progesterone indicate two
blosynthetlc pathways leadlng to 019 steroids from pro-
gesterone, one from progesterone via 1?a-hydroxyprogesterone
and A to T and a second V1a 5a-reduced C21 steroids to
Sa-reduced C,qg steroids such as androsterone and 5a-AOH;.
In similar incubations of adult mouse testes, very little
~5aereduetion of z11 the AF-B-ketosteroids was feund.
The major metabolltes of P were A and T. T )

As expected when P was lncubated with testes
minces of BALB/EClece. the maaor products could be
identified as A and T (Fig. 9, Table 12). A similar
pattern of P metabolism was found in incubations of testes
- minces from the genetic mutant mice +Tat+/+++, sxx0” and

" :_'p—hﬁ

Tomt (M) Blof+++, sxrd (Fig. 9). i

L]
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XX mice of the genotype +Ta++/+++, gxr
despite a’ testis which is only about one-tenth the
size of the. XY testis and. totally devoid of germ cells,
show almost complete male developmen‘t. .

According to Drews et. al. (1974), leydig
cells in the +Ta++/+++, g__ro“ testis must produce
- enough testosterone to maintain develepment of the
Wolfflan duct and urogenital sinus deriva‘f:ives. This
assumption is supported by the results éi‘ the present
study. Pestis minces from +Ta++/+++, sxrd'mice- produced
almost 60% as much T from P as the testis minces from
normal XY mice.
__ The situation of the Tm+(oh"')mo/+++, sxr &
is hqre complicated. Mice of this genotype are produced
by 'crl‘assii}g mph")_a_l_g/ﬂ (0¥ )+, heterozygotes to XY,
© sxr/+ males. . -i“he autosomal dominant BXr gene
(Cattanach et. al., 1971) is transmitted to half of the
XX progency. The Tm+.(6h")BIo/+++. sxrO” progeny are
rhenotypic males with small penis, hypospadias and small
semina)l vesicles and prostates.

‘According to X-inactivaticn theory’/(r.yon 1961},
it follows that in the organs oi‘ Tm-ﬁ-(ohv)BJ.o/m. axr O
- are expected %o be in the %mduced state (Drews et.al.,1974)
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However. Drews et. ale (1974%) have @

" that in’ Tm-l-(ohv) Blo/++ (%)t sxro" mice there is 'a strong

positive correlation between extreme variegation with
regard to Blo of the coat and the near.complete absence
of male genital tracts. This observation has been
taken“as evidence that the 6")allele influences the
X-inactivation process and causes the x-chromosome
carrying (™) %o ve Preferentially activated over the
(o* )-x-gene\ (Drews et. al., 1974). _

~ Comparison of the amounts of A and T
formed from P 'in testes incubations ér BALB/c O,
+Tat+/+4++, sxrd® and gm(oh”)gg/m. sxr " shows
that the relative acti;rity of the 3-ketoreductase
appears to be in the order BALB/¢ G > +Tat+/+i+, axrd >
Tm(ohv)mo/m. sxr O\ According to the above
argument it appears that the M(ohv)& - gene has an
effect on steroid metabolism. The exact mechanism
oi‘ this effect cahnot be determined from the present
experiments.
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(d) Testes Incubations with;Zm—BH-Androstenedione

There have been no previous studieg reportéad.
in which the metabolism of A in testesfincubations of
Tfm{o") and Tfm(o™V) mice was compared. TIn this study

/ .
the formation of T was similar in all incubations (Tadble 13

However, larger amounts of A remaining in the ggg(o+)
incubations (Table 13) and comparison of the radio=-
' chromatogram scans (Fig. 10) suggests that in addition
to T'and very polar metabolites at the origin, four
metabolites of A were formed in the Tfm (o®V) incudaticns
that were not present in the Tfm (o) incudations
(Pig. 10) g
In testes incudations with JH-T and l""c-P
the radiochromatogram scans of the Tfm (™) incubvations
tFig.V 7)-also ghowed two extra peaks apﬁearing as
shoulders to peaks I and VI. The signifieance
© of the extra peaks appearing in Tfm (oh¥) incudations
is difficult to determine since none of these extra
retabolités could be identified. Their identity may
be of interest in view of the differences which have
been described between the Ifm (o¥) and Tfm (o"V) strains.
For example it is possible that metadolites of T orxr A
may be involved in the altered negative feedback responses'
to steroids observed in the Tfm (o¥) and Tfm (™) mice ‘
(Kan et. al., 1974)..
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(e) Bxtractive Alkylation as a Method for Studxing Aromatization

- During the course of the preserit work, a rapid

“end convenient method was developed for detecting small
amounts of egtrogens fo:med from androgens in CNS tissues
of the mouee. The method is based on the technique of
extractive alkylation (EA) previcusly reported as a
quick and convenient procedure for the preparation of a

numbder of alkylated derivatives of phenols in general
chemical synthesis (Brindstrdm and Junggren, 1972:

_ McKillop et. al., 1974%) and drug analysis (Exvik and
Gustavil, 1974; Lindstrom and Molander, 197%). This is
the first applicaticn of the technique to sterciad
chemistry (Daley et. al., 1976).

“TA" or “lon-pair partitioning" 1e.a
technique which has recently been a subject of interest
in preparative organic.chemistry (Brindstrdm and Junngren,
1972). The alkylation reaction involves the formaticn of
an ion-pair between the anion of a compound (i.e. a phenol)
present in aquecus bdase and a 1erée cation such as tetra-
hexylammonium present as the hydroxide. The ion-pair
thus generated is 1ipld soludble and easily extracted into
a methylene chloride solution of the alkylating agent
(methyl iodide). This iz followed by rapid irreveneible ~

»
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glkyla;ion fo giva\the phenol efher. with concomitant
rérmation‘of tetrahexylammonium iodide which remains in
the organic phase,- |

The Brown methed (Brown, 1955) is widely
used for the freparation of estrogen methyl ethers.
Other esirogen methylation reactions have been reported,
but these require vacuum sublimation.(MacGee and Allen,
1970) or stirring overnight (ASdel—Aziz and Williams, _'
1969) and are therefore unsuitable for outine work, B
As descrided by Brown (1955), estrogens may be nethylated
using dimethyl sulphate. The reaction requires heating
at 37°C for 90 min and is complicated by the destruction
of dimethyl sulphate by sodium hydroxide.

The method of Naftolin et. al. (1575) for
studying aromatization, utilizing the Brown (1955)
methylation is outlined in Pig. 24, A large number
of transfer steps are involved and the-overall recoveries
are low (40-60%;: Flores et. al,, l§?3). Toluene-gsodium
hydroxide partitioning erreétively gseparates nautfal and
phenolic compounds (Engel et. al., 1950). Tﬁe “classical®™
technique for recoﬁery of the estrogens from sodium |
hydroxide involves addition-or acid, ether extraction,

extensive washing of the ether extract and chromatography
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(Aigsworth‘gﬁd Ryan, 1966)., Further purificat?gn to
give ﬁaterlal guitable for crystallization involves
methylation of the gstrogens_yifh dimethyl sulphate,
work-up ‘of the methyla@i;h products, further chromatography
and finally, crystallization with carrief.

By comparison, the method uséﬁ in the
present study utilizing the “EA" methylation is shown
in Pig. 25. The overall number of sieps required to
obtain the purifiéd estrogen methyl ethers is low and
the resulting recoveries are high (80-85%). 'A'majdr
advantage of the E& procedure is that the extraction
of estrogen from agueous base and direci conversion to
the methylated derivatives is carried out in one step.
Florisil column‘chromatography rapidly removes the THAI
and the methyl iodide is efficlently #nd rapidly
removed by evaporatlon to 1e§ve the purified estrogen
derivatives suitabdble for bhromatography and crysfallization.

The m;thylation of By, Bz and B3 1s rapid
and gives only one product in ail casesa, When combdbined
with florisil column ghromatOgraphy. tetrahexylammonium
iodide is removed and the derivatives are recovered
qﬁantitatively. If tetrahexylammonium hydroxide was omitted
fron the reacticn mixture, no derivativea were recovered

Zrom the organic extract.
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_ E; OMe, EéOMe-l?a and E,0Me-178 were identified
by PC, TLC and GC-MS. In the case of B3y the alkylated
derivative did not correspond to estriol~3-monomethyl
ether. The derivative was determined to be a dimethoxy
substituted compound on the dasis of acetate derivative
formation and MV 316 and 322'respectively in the mass
specira of the non-deuterated and.deuterated derivatives.

Prom steric considerations, methylation of

C-1éa-0KX would be expected to proceed more readily
than C-178-0H ﬁethylation. due to the presence of an
angular methyl group at C-18., (Howeyer, by ecomparison
of the mass spacira of the non-deuterated (Fig. 14) ang
deuterated (Fig. 15) défivatives. the identity of the
Es derivative can be tentatively egstablished as
3-178-dimethoxy-estriol.

- The major ion fragmemts in the mass spectra _
(Pig. 14 (19) at m/e 108(108), 160(163)." 175(177), 186(189)
202(202) and 229(235) can be assigned to portions of the
A, B, C and D rings rollowihg thq reaction mechanisms of
Okerholm et. al., (1971) and Mdsikiewier et. al., (1964).
Similarly, following thg'interpretaﬁion of the mass
specirum of eatriol—tﬂs derivatives as discussed by

Okerholm et. al. (1971), expansion of ring D, followed by a

o
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.3-migration of the C-16 grcup and bond rupture would
give 2 stable molecular ion.' For 3 178-dimethoxyestriol,
this ion would occur at m/e 71. Subatitution of
deuterium at c-l?OH would give m/é 7# (Fig. 26) An -
n/e shift of 71(?&) was conaiatently observed in mass .
spectra repeatedly recorded for ion source temp of 120°¢C,

150°C and 160°C. Conversely, the;3.16a—dimetﬁoxyestriol
| derivative if formed, would have éiven a peak at m/e 57

in both the non-deuterated and deuterated derivatives.
However this ion does not occurfin both spectra.

7 Further proof of tpe 3.1?Bgdimethoxy subétitu-
tion would require 13c-nuclea£ magnetic resonance
spectrﬁécopy (R.Bell. personal communication), however,

it was not considered withi% the scope of the present
work to pursue this rurthe#.

EA of E3 gave %he dimethoxy product in
quantitative yield. This {is in contrast to the dimethyl
sulphate procedure, whichfyields predominantlj the'\
J-nonomethyl ether, altha%gﬂ 3# of the product was a
dimethyl ether product which was thought to be the
3,17=-dimethyl ether. butlnot proven (Mathur and Common,
1967). Thus it appears ;hat under these conditions,
methyl lodlde is a more ﬁoteni alkylafing agent than

{
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- “Classical™ technique for studying
- arcmatization

Brown (1955) and Naftolin (1975)
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EIGURE 25:  Extractive alkylation as a method
o ~ for studying aromatization
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PIGURE 26: Mass fragmentation pattern of
'3,17B-dimethoxyestriol-D-ring
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dimethyl sulphate, which requires higher temperatures
and ‘longer reacticn times. ) ‘
Methylation ‘of catechol eastrogens in aquéoua
alkaline solution has not deen previoualy reported, Due
to the iﬁatability of the catechol stiructure to oxidation,
formation of 2,3-diOMeB, from 2-OHE; was unexpected.
‘Since mixing of the éntechol with the alkylﬁting agent
in the presence of THAH was required before addition of
0.1N NaOH, some “protection"” was presumably afforded to
the easlily oxidizeq 2:3=diol siructure. The formation
- of 2,3~di0MeE; from 2-0HEi. 2-6Mexl and 2-ONE; -ONe
was demonstrated by GC and MS., - S
Biblogical formation of catechol ;atrogena
and thelr tranamethylation products has been reported in
liver, kidney. Placenta, adrenal, ovary and teatis
(Breuer, ot. al., 1961; Troen, 1961: Luele and Hobkirk, |
19631 Tuels, 29651 Axelrod and Goldzisher, 1961, 19€2).
Catechol eatrogen formatlon in central nervous timasues
(Fishman and Norten, 1975) and lnteraotion of catechel
eutrogena with neurotranamittera at the hypophyaial- '
hypothalamic level (Brewer and Késter, 1974) have also
been recently demonaéQated. Because an attempt to
isoclate 2-0H313 even by gentle procedures results in
very conalderabdle destruction of the compound (Pishman,
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1963)”agaay methods for 2-OHE, are fraught with
difficulties.. Methylation of 2-OHE, by BA tc give a
stable derivative may be a useful technique for the

{

gstudy of this compound in biological gystens,
Preparations of tritium, car$on-lh or deuterium labdelled
compounds for analysié would dbe poasible..

. {£) Aromatization of Testosterone in BALB/c , BALR/e ,

 Zfm (6¥) and Tom (oRV) Hypothalamua and Cortex
- Incudations '

The central neuroendocrine functiona of sex
ateroida are generally believed to inveolve the triggering
and cqntrol of the sexual differentiation of the brain,
puberty, gonauotrophin,aynfheaid and releass, and sexual
‘behdviour. During a oritical periocd (from birth to about
10 days in rats and mice) hormenes serve to organize the
CNS towards development in poatpubertal life: ot male or
" female behavioural and neuroendocrinological patterns,
Thus, teaticular aecretiona gserve to masculinize the
neonatal malc'rodent with yespect to the later develop-
ment ot noncyolio LK release and of male behaviour, while
the necnatal female, in the abaence .of these aecretiona.
will express after puberty, the female pattern of ’
behaviour and the cyelic output of LK neceéaary for

[ —
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',ovulation and the formation of corpora lutea (Goraki,
1971). |

Interference during the “critical™ atago
of maturation may influence the sexual ﬁitrerentiation
of the CNS of both males and females and lead to modi-
flcation of these behavioural and neurcendocrinological
patterns. Teatostercne adminiafered to female rats or
mice during the first weeks after birth causes sterility,
polyfollicular ovaries, censtant vaginal estrus, an
absence of female behatipuf and increased male behaviour
(Gorski, 1966: Ptafr, 1971). -Bstradiel-178 is alao
effective in producing “neonatal masculinization® |
(Gorski, 1963: Harris and levine, 1965} aimilar to that
induced by teastostercne.

-Throe‘theoriea have been proposed %o oxplﬁin
the mechanism of neonatal magculinization. According to
ene theory, teastostercne is the agent respeonsidle for
theae effects, acting via interaction with apeciri;r
androgen receptors in the hypéthalamua. Androgen
- .dinding proteins have veen reported in rat and mouse
hypothalamus preparations (Jouen‘bt.al..’l9?1: Mondon
et. al., 1974: Naess et al., 19751 Fox, 19751 Attardi
o%. al., 1976). Aceording to thias theory, the adaence



of anq:ogen-bindingLprotaina in the hypothalamua would
result in the inability of testosterone to induce
masculinization, Pox (1975) and Attardl et, al,
(1976) have demonstrated greatly reduced androgen
binding in the hypothalamus of the Tfm/Y mouse,

Thus this animal should be useful for testing this
first theory. Although testostercnes administration

to postpubertal Tfm/Y mice is generally ineffective

in invoking any responses (Table 1), the effect of
early injections.ot teétoaterone has not been studied,
to this author's Xnowledge. .However, the lsyel of A
tegtoatarcne in the circulation at the necnatal stage
is comparahle in I;m/? mice to that in normal males |
(Goldatein and Wilaon, 1972). Therefcre, abdsance of
the androgen receptor 1n'2;m/2 mice is consistent
with the failure of male development to occur. A
further observation implicating the invelvement of the
androgen rooeptor in imprinting is that a greater
-fraction of female mice hotgrozygoue at the Tfm locus
are raaiatant to the effects of necnatal androgen
treatment than are wild-type femalea (Ohno, unpubliahed
results: see Attardl et. al., 19?6). —

Goldstein and Wilason (1572) also showed

4

e o ———
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that prenatal injections of DHT to pregnant 2fm (o"')/x 2
carriers did not produce any in utero viriliaation of
the Tm (oF )/t offspring. This observation by
Goldstein and Wilson (1972) is consistent with a second
theory et neonatal masculinization. According éo ‘thia
theory. eatradiol is the agent responsible for masculin-
ization and the ertectakgt teatoatercne are secondary.to
the aromatization of testostercne by the -hypothalamus
(Naftolin et. al., 1975) and the subsequent bdinding of
eutradiol tc specific receptors in the hypothalamus,

_ Thero ia conslderable indirect evidence available in
‘support of this theory., Gorski (1966) demenstrated

that a smaller dose of estradiol waa aas effective as N
testostercne in masculinizing neonatal rats, Batradiol-
178 is cap#ble of restoring male behaviour in castrated
red deeor stag (Flecher and Shors, 19?{). Aromatizable
androgens are most effective in inhibiting the develop-
ment of oyeclieity in temﬁla rats (McDonald and Doughty,
1974).  In the-castrated rat, DHT, a non-aromatizable
androgen has a weak stimulatory action on sexual behaviour
(Beyer et, al.,'l9?3) ﬁhilb its combined‘admlniutration
with eatradiol results in intense sexual activity in a

number of species (Larsgen et. al., 1973a, ®i1 Baum and
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Vreeburg. 19?3: Feder et. al,, 19?4: Beyer et. al..
19?5). .

Eatrogen binding proteins have been
detectad in the mouse hypothalamuz (Fox, 1975: Attardi
et. al., 1976) and furthermore, the number of estradiol
binding sites are aimilér in brain hypothalamus (on.
1975) and eytosol (Attardi, 1976) from the normal
male, female and Tfm/Y mice. Estradicl has also
been reported not to induce nechatal masculinization
in fm/Y  mice (Shno, unpublizhed results; see Attardi
et. al., 1976). The presence of normal levols of the
presumed estradicl receptor in Tfm/Y  mouse hypo-
thalamus extracts having low teatoéterona binding
_ haa been interpreted by Fox (1975) to suggest that
conversion ér androgen to estrogen }a net essential
for androgen action in the brain. This is in dis-
agreement with the conclusion of Naftolin et, al. (1975)
that "centiral androgen actions are in great part due to
and require the aromatization of androgen to their
centrally active principles - estrogens",

These theorles to desaribe the mechaniam of
sex stercid action in the hypoethalamus and other areas

of the drain may each bve oorroét'to a certain extent.
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;Taken individually however, they may represent an over- '/
simplification of the aituation. Thus it is poaaible‘
that there_is a complex inter-relationship Yetween the ~
levels of androgen binding and ‘estrogen bdinding, as well
as other sex steroids such aa-progeaterona. In
conaidertng‘brain receptor mechaniasms for “aex';teroida“.
androgens and estrogens aro'genarally thought of as “male"
and “"female" hormenes, reapectively., This generalization
may be minie#ding. ‘Since ccoperation and antagonism
among androgens and esirogens ogours o only in many
tisaucs and spocies (Burrows, 1949) it is possible that
androgeﬂ and esirogen etfeqfa on male and female brains

- result from modificatiocn of the predominant “male" and
"female" ratios of androgens and estrogens (Fox, 1575).
Furthermore since steroid hormones are known to affect
syntheais of specific proteins via etimulation of the
genome by the sierold-receptor complex (0'Malley et. al.}
1969) it is also poasibdle that androgen or estrogen
receptor complexes may affect the synthesis of various
onnymea auch as thosze involved in the oonveraion of
tentoaterona to eutrndiol. androstenedione to eatrone,
androatenedione to teatoaterone and eatrone to eatradiol,

o~

s In considazation of these inter-relationahips

\
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in the normal ‘male, &emale and Tfm mice it has been
eh;wﬁ tha{ T and DHbeinding towg;gfkgf hypothﬁiamua
is reduced to lO-BOKEOr normal male and female binding,
while B,-178 bindtng'iafeaagntially the same in male,

. f
female and Tim/Y (Fex, 19751 Attardl et. al., 1976).
Similar results have been found in normal male, female
and Tfn/Y¢ kidney (Bullock and Bardin, 1575: Bullock
and Bardin, 1974). ; From these studies and others i%
theretore seens rea#onable t6 aﬁggeat that the primary
gonetic defect apdo#tied by Ifm is represented by a
detectivo'androgenffeceptor. . : #

Howeve?. other alteratlons such as changes
in steroiad metabol}am may alse occur, eséondary to the
defect in the androgen receptor, In fact, it may bve
argued that the d{reotive androgen recepior occours
secondary to some defect in sterold metabolism, although
this would be unlikely.  As shown in Pig. 22, Fig. 23
and Tables 21 andfaz. total arcmatization (B, + B,-178)
of T by hypothalamua minces was 1.5 X greater in normal
males than females and about the same as in Tfm (o) and
24m (oY) nypothalamus incubaticne. Tetal arcmatization
by cortex mineea_ﬁaa about 30%-50% 6: the hypothalamus
levels, The major metadolite of T in normal male and
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female incudaticns was E,, while in both the 2;g’(o+)

. ang Tfm (™) incubdations it was E,- 178, ~ A pre-
. _ \

liminary report of these results has bheen presented
elsewhere )(Daley and Rosenfeld, 1976).

 There has bveen only one other report of
ﬂypothalamie arcmatization of androgens in the nbuse
(Naftolin et. al., 1975). In this paper, the con-
version of A to ﬁl was reported to be 2,9 X greater

in male hypothalamus than female hypothalamus incubations,

however because of theway which these figures are
reported it is not posaible to directly compare the
actual % conversions from starting material., It has

‘also been suggested (F.Naftolin,see participant discus-

sion Naftolin et. al., 1975) that aromatization in the
Tfm/Y mouse is the same as normal males.

There are a number of poasible J;planations
for the differences in the production of E, and E,- 178
by normal males, female, Ifm (o*) and Tfm (o™¥) nypo-
thalamue. In normel male and females, the production
of E, could be favoured by converasion of T %o A and
subsequent conversion to El or alternatively by direct
conversion of T to B, followed by 178-oxidoxeduction to
By, Similarly, in fm {oF) and Tfm (o"Y) incudations
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production of Ez most likely occurred yia direct
conversion frem T, although the indirect route from
T %o A to E; to B, is also possitle. An obvious
extension of this work would de to compare the

formation of E,_ from E:L ang vice versa in normal male,
female and Tfm incudations.
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Chemicals - |

Diethyl ether reagenti, A.C.S. was from Analar.
Triton-X100 reagent was rrom-Ameraham. _2.2.2-tri-
bromoethanol was from Aldrich Chemical, KHexane reagent,
A.C.S. and methylene ehloride reagent. A.C.S. were from
Baker. Iso-octane reagent, A.C.S. and powdered sllvex
,oxide were from BDH. Glucoae-é-phoaﬁhata dehydrogenase
was from Boehringer Mannhelm,

Gas chromatography packings 3% OV-17 on
Chromosort W(HP) 80/100 mesh and 2. 5% SE-52 on Chromoaorb
250 80/100 mesh were from Chromatographio Specialtiea.
Cyclohexane reagent, A.C.S. and tetrahexylammonium
hydroxide were Irom Bagtman Chemicala, Liquid X-ray
developer and Rapid Fixer were from K odak.

_ Chloreform reagent, A.C.S. was from Mallinckrodt.
Phosphomolybdic acid and sillca gel F-254 sheets 0.25 mm
thick were from E.Merck. Toluene reagent A.C.S. waa
from Matheson, Coleman and Bell. Acetlo anhydride{
ben:ehe. ethyl acetate, heptane.'mefhanol. methyl lodide,
pyridine and propylene glycol reagents were from Figher.
Sodium hydroxide pellets ﬁnd 2,5-diphenyloxazole (PPO)
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. were from Fisher. Medium 199 with glutamine and Hank's

Balanced Salt Solution were from Grand Island Biologicals,
1,4-bis-[-2-5(phenyloxazolyl ]| benzene (POPOP),
scintillation grade was from Packard. Silyl-8 reagent..
N, O-big (trimethylailyl)-trifiuroacetamidé and chloro-
trimethylsilane were from Piefce. Amylene hydrate was .
from Ptalty and Bauer and Sephadex LH-20 was from Pharmacia.
All non-radicactive ateroids were from Steraloids
and Sigma. Adenine trinucleoctide phosphate, glucose-6-
Fhosphate and nicotinamide adenine dinucleotide phosphate
were from Sigma. Florisil was from Supelco,
Radiochemicals
R tndrostenedione (58.8 mCi/mM), 6,7-H-
estrone (40 Ci/mM), 6,7-7H-estradiol (48 ci/md), 6,7-3u-
estriol (42 CL/mM), 7a-3H-testosterone (25 ci/mM), 1,2-%H -
teatoaterone (52.8 mCi/mM) and 4-lhc---pfogqaterone (52.8 mci/
mM) were purchased from New England Nuclear. 7a-K -
androatenedione (30 Ci/nM)vas from Amersham-Searle.
Animals . :
Lfme (o*)+/yh Ten+ (o"™)Blo/y, Teme (oMV)B1o/e+,
8X1/+ S and +Tat+/+++, sxr/+Pmice were obtained from stock
main?ained by Dr.S.0hno, Depariment of Blology, City of pre
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_Naticnal Medical Centre, Duarte, California. BALE/c &
and BALB/cg mice were from Health Research, ‘puffalo,
New York. ° All mice were housed in standard plaatic
cages in a nk{krolled environment maintained at 22°C with
1ights on between 7 a.m. and 7 p.m. and were allowed.
_ access to laboratory chow and water ad libitum.
Euim nt

~ An MSE Multex Centrifégzh;nd IEC Model CS
Centrifuge ware uged for low speed centrifugation. Homo-
genizatlion was performed with aPyrex -AA25 homogenlzer.
Small samplea were transferred ualng Eppendor! miero-
pipettes and Kamilton 10 pl and 100 pl syringes.
Materiale wére weighed on the Mettler-Plaoo top loader,
Mattler nsu gsemimicro and Mettler M-5 miorogram balances.
Radiometer Copenhagen pH-meter 26 and pH—meter 51 were
used for pH measurements. .

Optical density was measured using a Beckmann
DB=GT U.V. Spectrophotometer. Whatman #1 paper was used
for paper chromatography. Silica gel P=254 0.25 mm
" thickness on plastic sheeta 20 x 20 cm were Irem E.Merek.
Thin-layer and paper chromatograme were observed under
UV light on a Chromato-Vue UV Scanner from Ultra-
Violet Products. A Nuclear Chicago Actigraph IIX Radio-

o 1 ot a— e T
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chromatogram Scanner was used with 1.3% butane in helium

::Slng paper
chromatograma, Gas chromatography wag done using a
Varlian Series 2100 GC and a Packard Model 823 GC, Masa.
apectroecopy was done uaing a Varian 2700 -GC coupled to a
Varian MAT CH? Mass Spectrometer and with a Consolidated
Electrodynamics Model 21-110B Mass Spectrometer, 'Radio-
activity was measured in 5 dram glass vials from Wheaton
Products using a Beckmann LS-233 Scintillation Counter.

Solvent.extractioha_wero performed using a

Burrell Wrist Action.Shaker Model 75. Incubations were
done in a Dutnoff Metabolic Shaker, |
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