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SUMMARY.

Androoen Metabolism in the Huma» Prostate Glas.J

1o Testosterone 5o «reductase, the snzyms responsible for the
production of dihydrotestosterone,; was partially characterised in
human benign hyperplastic prostatic tissue removew at surpery,.

Biochemical experiments were carried out with fresh tissue or with
tissue frozen in liquid nitrogen and storad for a limited period

at -70°C,

26 ﬁeductase activity was located in microsomal and nuclear
fractions isalated from human hyperplastic prostatic tissue,.

In both thase fractions, and in prostatic homogenates, activity
increased linearly with time for 40min under the experimental
conditions used. From then on the snzyme lost its amctivity
rapidly and becams inactive Qithin B80mine 'This inactivation
could not oe explained by lack of cofentor or substrate nor by
denaturation by some proteolytic enzymese. In.hommganatms, and
in nuclear and microsomal fractioms,; NADH was unable to replacs

NADPH as cofactore

3a The 5 a=reductase activity in nuclesr and microsomal

fractions was sersitive to thiol group blocking agentse The
most effective was pechloromercuribenzoate which caused total
inhibition at a concentraticn of § x 107 M. lodoacetamide,

iodoacstic acidy; and Neethylmaleimide also inhibited but higher



ix.

concentrations (1Dm2m) were nacded. Reductase activity
inhibited by p=chloromercuribenzoats could be reactivzted by

the addition of dithiothreitol.

4, In both nuclear and microsomal fractions divalent cations
inhibited testosterones reduction at low concentrations (5 x 1DW5M)
in the following order of effectivensssse
Hg2+ = cu?t = an+ = Cd2+>\;~Mn2+o

Stimulation of reduction by low concentrations of Zn2+, observed
by other researchers,; could not be confirmed in either human
hyperplastic or rat prostatic nuglear fractions. Inhibition of
5 a-reductase activity by the addition of zinc to both nuclear and

microsomal fractions could be reversed by dithiothreitol,; EDTA and

o=phsnanthroline,

5. Lineweaver=Burk analysis of the kinstics of zine inhibition
indicated that in both nuelsar and microscmal fraciions, zinc
inhibited in a competitive manner with respect to cofactor but in

a non-competitive manner with respect to substrate.

Ge EDTA caused slight stimulation, o=phenanthroline slight
inhibition and citrate ned no effect on 5 u=reduclase activity of

both nuclear and microsomal fracvions,

7e A high zinc content was detected ir the hypezplastic
prostate and wide veriations in concentration occurrved within
any one gland, Much lower levels were detected in well

differentiated adenocarcinomatous samples and wide variations in
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concentration were again detected within any one glande
Zine in the human hyperplastic prostate was found to be

concentrated in the extracellular, nuclear and cytospl fractions.

8o Zinc added in incresasing concentrations to homogenate
incubations was found to inhibit 5 g -~reductase activity,. The

extent of inhibition was similar to that observed when zinc was

added to incubations of nuclear and microsomal fractions,

3

9. The results of a comparison of the zinc content and

5 dwraductase activity in human hyperplastic prostatic tissus
homogenates indicated that a significant inverse rslationship
existed betuesn zinc and 5y ~reductase activity, In one

prostatic sample which was infiltrated with an anaplastic malignancy

no such relationship was observed.

10 Addition of reagents (EDTA, owphenanthroline and
dithiothreitol) known to reverse zinc inhibition of 50 -reductase
in nuclear and microsomal incubations did not stimulate reduction

in prostatic homogenates to a marked extent.

T Prostatic cytoplasm, which was shown to cnntain a high
proportion of the intracellular zinc, did not inhibit 5 a=reduction
when it was added to microsomal Locubations, Heated cytosol
ffaction9 however, was capable of inhibiting § g=reductase activity.
The inhibitory factor present in heated cytosol could be removed

by paseage through a cation exchange column, a process knouwn to

ramove zince.
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120 An hypothesis is presented which invelves zine in a
possible control of the accumulation of prostatic sscretion by
blocking the conversion of testosterons te dihydrotestosterons.

Evidence for and against this hypothssis is discussed,
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ABBREVIATIONS

Abbreviations used are those recommended by the Eciltorial Board

of the Biochemical Jourmal (1975) with the addition of ths

followingge
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E.Ce NOo2
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TeKeMe Solutions

5 a-=Reductasze:

Automatic External Standand
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I

As INTRODUCTION

1e The Prostate as an Accessory Reproductive Gland

The prostate is one of the male arcessory renroductive
glanda, These organs function as exocrine glands, manufacturing,
storing and excreting the materials which at ejaculation form
seminal plasma, the suspension medium for cpermatozos.

| The accessory reproductive glands have many chéractaristics
in commong sach nossesses é secretory eplthelium with an underlyihg
laysr of connective tissue and smooth muscle fibres. Thers are
marksed dissimilarities, howsver, in gross structure and in the
character cf the epithelidm, and the chemical naturse of the
excrations, both betwsen different glands within a speeies, and
within the same gland between different speciss,. In man,
seminal plasme is made up of the excretory fluids produced in the
epididymis, ves deferens, ampullae, seminal vesicles, prostatse,
bulbourethral {Cowper's) and urethral (Littre's) glands. in
the dog and cat a relatively larye prostate is presént but seminal
vesicles are absent. The bull, on the other hand, has a small
prostate but very large seminal vesicles (Mann, 1964).

The accessory glands ars target tissues for androgens.

This was first shown by the clascical studies of John Hunter (1792),
who laid the foundation for an undarstand1n§ of the relation betwesn
the presence of the testes and the functional stats of the accessory
reproductive glandss= "the prostata, Cowper's gland and the glands

along the ursthra ew~ew= are in the perfect male large and pulpy,



20

secreting a considerable quantity of slimy mucus which is salt

to the taste while in the castrated aniwmal these are

small; flabby, tough and ligamsntcus and have lilile secretion.”
Although this implied a messengsr travelling from the testes to
vthe accessory reproductive glands it took a further hundred years
for the concept of a hormone to evolve. It was in 1902 that
Bayliss and Starling defined a hormone as A chemical substancs
which is produced in one part of the body, snters tha circulation,
and is carried to distant organs and tiscues to modify their
structurs,. It is now known that testosterone, which is produced
in the testes, is the male sex hormors,. This hormone acts on
the seminiferous tdbules and the accessory reproductive glands

at the same time, thus allowing the simultansous production of
seminal plasma and sperm,

A major difference betwssn the prostate and other accessory
reproductive glands is its susceptibility to hyperrlasia and
neoplasia in ageing mens The need to understand the bionchemical
nature of these dilseases and the hope For medical relisf o?‘their
symptoms has created much interest in and financial support For
prostatic research. Much research to date, howsver, has
focused on expsriments with animal tissue, which constitutes an
unsatisfactory model for the humen glard, This study examines
gome aspecte of androgen metabolism and ils controi in the human

prostate gland.

20 The Human Prostate g Hype.nla<ia and Neoplasia

In the normal adult man the prostate gland surrounds the
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urethra immediately beneath the neck of the bladder, it is about
the size of a chestnut and weighs approximately 20g. It has a
tubulo=glveolar epithelium which is connected to multiple ducts
used for ths dischares of prostatic secretion into the urethra.
This discharge is under the contiol of.the sympathetic nervous
system which, upon stimulation, causes contraction of smooth
muscle fibres embedder in connectlivs tissue surrcunding thw
epithelium (Price, 1963).

Anatomically the prﬁstate zan be divided into five lobes;
posterior, middle, anterior and two latoral lobes (Figure 1 ).
These divisions are related to the structures which pass through
the gland. The posterior lobe lies behind the urethra and the
e jaculatory ductsg the middle lobe lies betwéan the urethra and
e jaculatory ducts; the anterior lobe is in front of ths urethrag
and the lateral lobes, which in many glands are by far the largsst,
lie on either side aof the urethra (Franks, 1954), These
divisions have no functional or histological basis,

The gland éan be more clearly divided into an inner
periurethral area and an outer or "true® prostate (Figure 1 Yo
The periurethral tissue congists of prostatic acimi, mucaosal
glands, the prostatic utricle, and the prostatic urethra itself
(Franks, 1954), In some (but not all) glands the inner and
outer regio~s are sepevated by a recognisable fibrous capsuls
(Jacoby, 1923),

The inner and outer regicns may be under di?fsrént endocrine

controlse The inner gland; for example,; is derived from the



Figurel1. DIVISIONS OF THE HUMAN PROSTATE.
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Mullerian duct system (Lowsley, 1912) and is estrogen sensitives
At birth this ar=a of the gland is enlarged, probably due to the
presence of maternal estrogens (Frahks, 1954). Also, in
pseudchermaphrodites the prostate is depzndent on the sax of the
qgonade If there are ovaries pfesant, the prostate is represented
only by the middle and lateral lobes; when both testes are present,
the entire male prostate, including the postsriocr lobe, surrounce
the Qrathra (Moszkowicz, 1935; Andrews, 1951).

Benign hyperplasia ﬁf thae prostate affects most males over-
sixty years of age and causes enlargement of the inner gland,
When the urethra becomes constricted surglcal removal is required
to relieve the kidneys znd circulatory system of tiie damaging
effects of back pressures Surgical approécheﬁ to the prostate
glaﬁd are shown in Figurs 2, During progression of the diseass
the outer region of the gland is compressed inte a hard fibrous
capsule which usually remains after surgery. N ulseased prostate
gland may weigh up to 200g,a weight increase of 1000%. The
disease is confined tuv a limited range of species and has been
detected to date only im man, dog and lion, The histological
appearance of diseased nlands in these species is. however,
dissimilar,

Epidemiological studies have supnlied no important cluss
tﬁ tha etioclogy of benign hyperplasia except that they revealed
some minor differsnces in racial and genetic frequencies (Geller, 1974),
Geller (1974) has also mada a study of elinical literature on

medical treatment of benign hyperplasia by a variety of steroidal
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SURGICAL APPROACH TO THE PROSTATE GLAND.

SUPRAPUBIC |

PERINEAL

TRANS -URETHRAL

Adapted from Sturdy, D.E. (1974).

( Reproduced by kind permissi;on of John Wilson
and sonhs, Bristol. Copywright owners.)



compounds e The only effective agents of Uhis type appear to
be the progestational anti-androgens. These, he supnests,
are a very helpful prototyps fer the ultimate medical treatment
of human benign prostatic hyperblasiae

Prostatic carcinoma is the most prevalent male cancer,
and causes approximately 7% - B% of all deaths due to tumours
in men over fifty years of age in the Uniter Kingdom (Franks,
1974). Carcinoma of the prostate is found in the sndrogen
sensitive outer region of the gland and i. similar to carcinomas
arising in other glandular organs. It is usually recoanised
by scirrhus and adsnccarcinomatous growths,. The incidence
of carcinoma of the‘prostate, unlike that of benign hyperplasia,
appears to be subject tc remarkable racial and geographic
differences (Franks, 1974). It is interesting that a femnilisl
agsociation between breast cancer and both praostatic and uterine
malignancies has recently been demonstrated (Thiessen, 1974).
Conservativo treatment (ihormonal or radiation) of proétatic
carcinoma is the standard form of therapye. The discovery éF
“he androgen dependent nature of the disease (Huggins and Haodges,
1941) 1led to the widespread clinical use of estrogens (Huggins,
1941), Administpation of pharmacological amounts of estrogen
lowers testicular éecretion of testosteicne probably through
suppression of pituitary gonadotrophin relcase,. lirpleasant
side effects include breast enlargement, Although estrogen
treatment causes shrinkage of the primary lesion in the prostate
this is not a cure for prostatic carcinoma but only delays

the fatal consequences of the dissase.



This account emphasises a Dnnneétion hetween steroid
hormones and the diseasus of benign hyperplasia and adenocarcincma
of the human prostatse gland, Much reswarch has therefore besn
based on tle assumption that these diséases are caused by an

upset in steroid hormons actiocn.

3e. Hormenal Metabnlism and Mzohanism of Action

By the early 196UJs a large volume of information had
accumuilated on the effects, often qramatie, of steroid hormones
on target tissues, These studies have bsen reviewed by Grant
(1969) and by Dorfman and Ungar (1965).  flore recent research
has been directed towards finding out how sterold hormonss induce
effects on targel tissuss, The most promising approach,
instigated by Jensen gt _al. (1968) and Gorski and Morgan (1967);
was to follow the progress of a steroid within the targei cell.
Initial experimeﬁts showed that whsn estradiolmﬁ?{aentared its
target tissue (in this case rat uterus) it bound to two distinct
types of protein, Proteins to which the sﬁeroid bound with low
capacity but high affinity were called specific receptors and
these proteins were responsible for the transportation of bound
steroid from the cytoplasm to the nucleuss Protcins, on the
other hand, to which the steroid bound with high capacity but lou
affinity were called ctorage receptors (Wurtman and Jensen, 1968,

These findings stimulated much interest and a general
ﬁicture has now amerged for the mechanism of action of all
steroid hormones. (See Gorski st ale, 19683 Smellie, 1971

Rasps, 1971; Jensen and De Sombre, 19723 ('Malley and Mearns, 1974;
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Liaoy 19743 wnd King and Malnwaring, i974 for reviews.) After
a steroid hormonre enters the cell of a target tissus, a large
proporiion of this hormone becomes bound to storage recsptors.
A smallsr proportion becomes bound to specific recentors, which
upon centrifugation sediment at about 8%, During hinding of
steroid to specific receptors thé_recapturlprotein undergoes a
conformational changa to a form thet sediments at 45 - 5§,
permitting or causing its translocation to the nucleus. The
overall procuess has been sthn to be ensesgy dependent. Once
in the nucleus, an extremely low concentration of hormone,
raceptor, or hormone~receptor complex.initiates the passage of
a large amount of infcrmation stored within the double=helical
structure of DNA back to the cytoplasm, This amplified message
leaves the nucleus as messenger RNA and is translated into
proteins by the ribosomes. These steroid induced proteins -
mediafe many of the ccllular processes in stercid-sensitive
tiséues. | This picture is; however, an oversimplification.
The synthesis of tyrosine aminotransferass, for example, may be
controlled by corticosteroids acting at a translational level
(Tomkins; 1969). There are, in addition, no well substantiated
reports that high affinity receptors exist in the gytoplasm of
skelstal muscle, an androgen responsivg tissue (King and
Mainwaring, 1374).

. Estradiol-17 g , which is not extensively metabolised
within target cells, has bean widely used in studying tﬁa mechanism

of s.eroid hormone action. The mechanism of action of androgens
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is less readily understosd, howsver, since these hormones may be
extensively metabolired within target cells. In vitro
incubations of radiocactive testosterons with slices, minces, or
homogenates of human hyperplastic prostatic tissue nave produced
a multiplicity of ﬁroductso Chamberiain st al. (195%), for sxample,
identified ten metabolites during incubations of human prostatic
hoﬁcgenates-mith 80n1t testosterone—dw14c. Thesa may have

been produced by at least five stéroid transforming enzymess:

30 my 3B =, and 17B ~hydroxysteroid dehydrogenases and 5x < and
5f ~reductases. The design of this experimenty in which a high
substrate concentration was incubated for a long time (2h),
allowed measursment of the total catabolic potentisl of the
prostatic homogenate.

The 3a = and 3B «~hydroxystercid dehydrogenases were found
predominantly in the cytosol fractiohg wvhoereas the 17 ~hydroxysteroid
dehydrogenase was located in the mitochondrial fraction, The
50 «peductasc was located in the microsomal and cytosol fractions,
and the 5P =reductase was found only in the cytosol fraction.
further experiments failed to confirm the éxistence of a cytoplasmic
50 ~reductase (Ofncr et al.,; 1970). Some of thesas enzymes had
beeﬁ detected by earlier incubation studies of testosterons with
human hyporplastic prostatic.tissuao Wotiz and Lemon (1954)
and Kinson {1962) showed 17p ~hydroxysteroid activityj Farnsworth
and Brown (1963) and Acevedo and Goldzieher (1965) showed
3o ~hydroxyeteroid activity. Farnsyorth and Brown (1963) also made

the original discovery that a 5 oereductase was present in this tissus,



11,

In vivg perfusion studies in a humar subject with
prostatic hyperplasia have confirmed the existisnce of all
these enzymes except for the Sﬁ?mreductase (Moxfin 8t al., 1970).
In a further study, Ofner et_al. (1970) were also unable to
confirm their earlisr reports of a soluble 5 a-reductase.
Mary more recent incubation studies (Shimazaki et al., 1965
Gloyna and Wilson, 1969; Siiteri and Wilsor; 19v0; Hecker at al..
19723 Harper et al., 19?4 and Jenkins‘and MeCaffory, 1974)
have confirmed the existencse éf an extremsly active 5 a-reductase
with an obligatory reguirement for NADPH as cofactor inm human
prostatic tissuse. Siiteri and Wilson (1970) demonstrated that,
although the concsﬁtration of testosterone and androstenedions do
not differ between normal and hyperplastic human prostate glends,
there is a five~fold increase in the cencentration of dihkydrotestosterons
in the hyperplastic as compared with the normal gland, Furthermoras
‘the concentration of dihydrotestosterone in the peripheral arsas
of both noimal and early hyperplastic glands were two end thres
-times greater than the levels found in the outer regions of-these
glands. A comparison of the ability of prostatic slices tu
convertAtastosterone to dihydrotestosterons showed that normal
and hyperplastic tissue behaved similarly. Identical results
were obtained from dog prostates (Gloynu et _al., 1970). These
findings suggest a2 relationship betwesn dinydrotestosterons and
benign hyperplasia, but it has not yet been established whether
dihydrotestosterons accumulation is a cause or an effect of the

cdisvase,.
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Jenkins and McCaffery (1974) found that although no
definite relationship exists between Sa —reductass activity and
the histology of prostatic samples; the ability ov adenocarcinomatous
tissue to reduce testosterone decreased as differentiation
decreased. In contrast, Becker et al. (1972) reported that
in hyperplastic tissue the amount of Sa =reductase was dependent
upon the proportion of epithelial elements in the tissus.
Dihydrotestosterons, uhile of major iﬁportance, is nut the only
testosterone metabollte present in human hyperplastic tissue.
It hag bsan demonstrated that testosterone and androstenedione
are interconvertible (Wotiz and Lemon, 19543 Farnsworth et al.,
19623 Acevedo and Gbldzisher, 1964 and 19653 Ofner et_al., 1965),
Human prostatic tissue can also demethylate testosterone to
compounds of the 19=-nor series and form 2-methoxyestrone
‘(Farnsworth, 1965 and 1966). Further reduction of dihydrotestostecrone
has been studied by Jenkins and McCaffery (1974). Thay observed
that the rotio of the isomsrs of androstanediol are abnormal in
prostatic disease. The 3o /3B ratio, which in a normal gland
is 2.8/1, becomes 4.8/ in hyperplastic tissus. The 3¢ - and 30 -
androstanediols can be further hydroxylated at the 6 and 7 positions
(ofner, 1974). Other hydroxylations occurring in C~19 steroids
are 2@ =hydroxylation which was dstecte. in minced narmal human
prostatic tissue (Acevedo and Goldzieher, 1964) and 558 = and 2B =
hydroxylations of androstenedionse which were detected in minced
preparations of hyperplastic and adenocarcinomatous human prostatic

tissue (Acevedo and Goldziehar, 265), The relationship of
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minor sternid metabolites to prostatic disaase, howsver, remainsg
uncertaine.

Steroids of aorenal origin may also be metabolised by
hyperplastic prmstatic tissue, For example, dehydroepiandrosterons
(DHA) and DHA sulphate can be converted to dihydrotestesterone and
androstanediols ggmgigﬁgo Radipactiée DHA sulphate infused
into patients undergning prostatectomy has been shoun to bes taken
up by the hyperplastic tissua (Harper é&mgigg 197450 Collins et al.
(1970) detected C-19 steroid sﬁlphaﬁase activity in human prostatic
tissua by isolating DHA from incubations with DHA sulphate, and-
by isolating testosterone from incubations with testosterone
sulphaﬁea They also found that androstenedione was me=tabolised
to androstanedione and androsterona,

A number of studies (Shimazaki et al., 19653 Farnsworth, 1970;
and Jenkins and McCaffery, 1974) have shown that estrogens at
very high concentrations can inhibit human pyostatic 50 «reductase
activity in vitro. Giorgi st _al. (1972a) have, however, shown
that at much lower concentrations estradiol-17g may affect ﬁha
uptake of androgens by human prostatic tissua, 0f more interest
is the demonstration by Jenkins and McCaffery (1974) that progesterons
is a strong inhibitor of 5 g=reductase activity in vitro. They
sucqgest tnat this stercid could have a marked effect on the
'metabolism uf testostavons if it were administered in vivoe.

Giorgi et al. (1971, 1972a and b, 1973 and 1974) have used
a superfusion technique to study androgen metabolism in bhoth human

ana dog prostatic tissue, This typa of experimental procedure
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creates an arctificial environment nearer to the igmgiig'situation
than does the staundard in_vitro incubation method, Results
from these superfusion studies confirmed that dihydrotestosterorie
is the major metabolite of testosterone, and indicated that
androgen uptake is higher in hyperplastic than in normal
prostatic tissuse She suggests thaﬁ this differcnce may bs
explained by an excessive nurber of non=specific binding sites
in hyperplastic tissue thch might reauce the steroid available
for metabolism and release. | At the same time the amount of
androgen reaching the specific receptors might be affected.
Although the former conclusion seems .Jogicaly it is probably
unlikely that binding to nonespecific receptors would have any
effect on binding to specific receptors, sinée these proteins
have an affinity for sterocids of the order of 104 timas greater
than storage receptorse In adenccarcinomatous prostatic
tissus decressed leveis of non-specific binding sites and
S a=~reductase activity were detected during supér?usiono
‘Specific receptors have bsen known for scme time to be
of grsat importancé in the mechanism of action of steroid
hormonséa Now that methods to study specific steroid
binding have been established, many researchers have located
spezific receptors in 5 whole range of target tissues of many
species. Jsing Sephadex-gel chromatography, Hansson and Tveter
(1971) have shown that components in human hyperplastic prostatic
cytosol fractions are abls to bind dihydretastosteronu-and this

binding can be reduced by the anti-androgens cyprbterone and 5K
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and F 7690, Androphilic macromolecuies were also detected in
nuelear 1M NaCl oxtracte. Mainwaring and Milroy (1973) used
a more sensitive technigue for the detection of specific
receptors in human hynerplastic prostatic tissus. The cytosol
fraction was prEuinbubatad with labellgd steroid at 0°C and
then subjected to iscpycnic cantrifugation.in a 5% - 20% sucrosn
gradient. This method alluws the separation of binding
componants with different sedimentation coefficients. Spacific
binding of 3Hmdihydrctastosterone to a protein of sedimentation
coefficient BS was detected. Othsr 3H~sterbide including
estradiol=--178 , cortisol, androstenediocne, and testosterone were
not bound to the 8$ protein to any significant extent, but
non—-specific low affinity binding was'observédo At high
concentrations,; cyproterone acetate suppressed the specific
binding of 3Hndihydrotestostaroneo

Although the specific androgen receptor in the rat prostate
has been extensively studied (Liao, 1974) the same is not true for
the human glande. This bias may be due both to the diffiﬁulty
in ebtaining normai human prostatic tissue and the experimertal
difficul£ies involysd in working with human hyperplestic prostatic
tissue. Mainwaring and Milroy (1i1973) were unable to detect
reccptors in all the sémplas of human hyperplastic prostste glands
they studied- They cifer two explanations for this variatione.
Human hyperplastic prostatic tissue is very difficult to homogenise,
and the receptors may have been destroyed during homogeﬁisatione
Secondly dilution of the trace amounts of Edeihydkatastostarona

may be caused by the high level of dihydrotestosterons in the tiscuse.
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The possible presence of contamination from plasma sex
staroid globulin, which has characteristics aunost idantical
with the specifie prostatic androgen receptor (Verweulen and
Verdonck, 1968) further complicates tha study of androgen
receptors in the human prostste gland, Steins et al. (1974)
and Cowan gt al. (1975) have been unable to determine whether
specific dihydrotestosterone binding in cytnsols isnlated from
hyperplastic prostatic tissue was dua.to sex steroid binding
globulin or to a specific rsceptoro'- Recently a specifie
receptor for 5 g=androstans=3y 170 —=diol has been identified
in both normal and hyperplastic dog prostatic tissue {Evans and
Pierrepoint, 1975); In the dog prostate 50 —androstans=3 a,
170 =diol may therefore be the active androgen.

4o Tastosterone 5 a-Reductase and its Sionificance in
Androgen Action

The first svidence which indicated the importancs of
dihydrotesiosterone in androgen action came as a result of studies
on ths intracellular localisation of 3Hmtes’costerona aFter‘iﬁs
in vivo perfusion in male ducks. Wilson and Losb (1965)
found tﬁat radipactivity originating from SHwtestosterone was
bound to a protein component of nuclei isolated from the duck
presn aland. Extending this study to ths rat prostate gland,
Btuchuvsky and Wilson (1968) showsed that prior to entering the
nuclsus 3Hmtestostemne had been converted to SHmdihyertGStGStBTDﬂBe
This finding was cornfirmed independently by Anderson and Liao (1968).

The conversion of testostercne tu dihydrotestosterone is cutlined
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in Figure 3,

The 5 amrsductaée enzyme responsible for the conversion
of testosterons to dihydrotestosterone has been extensively
studied in many androgen dependent and androgen responsive
tissues, In androgen dependent tissues androgens initiats
both growth and DNA synthesis, while in androgen responsive
tissues no androgen stimulated DNA synthesis occurs (Mingeull
and Sierralta, 1975). Collectively £hesa tissues are referred
to as androgen sensitive tissuss and include the liver, testas,
adrenals, skin, epldidymis, seminal vesicles, brain, kidney and
prostate.

Frederiksen and Wilson (1971) partially characteriéed
the S(xmrsdﬁctase from the rat prostate gland,. They reported
that the 5 ¢ e«reductase was distributed equally batween the
nuclear and microsomal fractions, it had an absolute requirement
for NADPH as source of reducing hydrogen, a pH optimum of 6.6,
remained stable to Freezing but became unstable upon heating at
379C for long periods, The enzyme was also found to bes
potentially iphibited by divalent cations, Tha substrate
specificity for a variet, of Zxa~3mket03tereids was investigated.
Epitestosterona, 20a «~hydroxy=~d~pizgnsn-3-one; 17« ~hydroxyprogesterons
and progesterovne were more effective substrates than testosterone,
Deoxycorticosterone, cortexolons and androstenedione were of the
same order of activity as testosterons. Androstenediol,; although
a substrate, was approximately half as effective as testosterone,

Corticostercne, cortisol and cortisone were totally inactive as
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substrates for reduction over the concantration range studied,

On the bases of pH optima and Km it was concluded that
the microsomal and nuclear §qe—reductase activities belonged
to a single enzymic antity. This may ve contrasted with the
situation in the liver uvhere at lsast five §a& -reductase enzymns
have been detected, each having a limited substrate specificity
(McGuire and Tomkins, 19603 McGuire et_al., 1960).

The rat prostatic huclear 50 =reductsse has bzen located
on tha nuclear membrane (Moore and Wilsor, 1972). As the
result of chemical analysis, light microscopy, and examination
of the subcellular distribution of several marker enzymes, it
was conclured thatithe nuclear fraction used in this study was
free from major contamination from other cytbplasmic constituents,
The pure nuclear fraction was subjected to sonication followed
by density gradient centrifugatione | On the bases of buoyant
density, the chemical composition of the fractien and cdztection
of a flotation pattern similar to that of NADH-cytochrome ¢
reductase, a known enzyme of the nuclear membrane, it was
concluded that the S ~reductase in prostatic nouclei is located
on the ﬁuclear membrange. The enzyme is partially inhibited
by Triton X=100 (Liao, 1974), a datergent known to remove the
outer nuclear membrane (Blodul ard Potier, 196G; Sadowski and
Sfeiner9 1968) It is not yet known whether the location of
the 5« ~reductase on the outer nuclear membrane serves any
physiological function. The ba =reductase from rat prostate

has been further purified after uvigitonin and potassium chloride
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extraction (Moore and Wilson, 1974), In this study, the
5 0 =raductase in both the nuclsar and micrososal extracts had

-
an apparent molecular weight in the order of 250,000 - 350,000
as estimated by gel FTiltrabtion and a secdimentation soefficisnt
of 13,55 - 155, The lecalisation of rat prostatic 5& -reductase
in nuclear and microsomal fractions has béen confirmed by Nozu
and Tamaoki (1973). They also observed ihat cytnsol causéd
inhibition of 3H~testosterona reduciion in microsomal incubations
but not in nucléar incubations. This appears to Ea the only
detesctable difference botwesn microsomal and nuclsar rat
prostatic 5« mreductése: In both these fractions the 5 a=reductase
has been shown to carry out the stereospecific transfer of the
4upro-S=proton of NADPH to the double bond a£ Ca = CH of
testosterone (Nozu and Tamaoki, 1874). -

Although there must be an intimate relationship between
the specific androgen receptor and the 5 gereductase these
functions belong to different proteins; The specific receptor
and the 5S¢ ~reductase are located in different subgellular
fractions (Mainwaring, 1970) and the anti-androgens cypreterone
aceﬁate‘and BOMT selectively block high affinity binding to
dihydrotestostaerone without impairment of 5 0~reductase activily
{(Mainwaring, 1972).

‘ The 5 awreductase of the rat prost~te is ancdrogen
dependsnt, It decreases following castration and is

subssquently increased after testosterone treatment (Moore and

Wilson, 19735 Gustafsson and Pousette, 1974), Different types
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of regulation appear to exist in liver and kidney tissus, In
the. liver, 5¢ =paductase markedly increased atrter casiration of
males. This is not unexpected since a higher réte of 5 g
reduction occurs in liver nuclei in female rats then in males.
In kidney nuclsei; the eﬁzyme was found to be slmost unaffected
by age, sex, castration and treatment with testosterone; but a
marked change occurred after treatment with estracial=i? g
(Gustafsson and Pousette, 1974), |

It is poésible that androgens exert thair‘coﬁtrol by
dif ferent mechanisms in androgen dependent tissues, such as
prostate, and in androgen responsive tissues, such as liver
(Tomkins, 1957) and kidney (Verhoeven and De Moore, 1971).
This may account for the different cdnStrainfs imposad upon the
5o -reductase in differsnt tissues. Furthermore, in vitro
measurements in liver and kidney revealed high levels of
50 =reductase whereas in vive determinations. showsu a much lower
production of dihydrotestosterons. Iﬁ the rat prostats,

howsver, high activity of the 5o ~reductase can be observed

both in vitro and in vive (King and Mainwaring, 1974),

Verhoeven gt al. (1974) studied 5 ewreductese activity in
fractions isolated from prostate, submaxillary gland, lung, kidney and
midbraine The total 5o ~reduciase activity varied as followsg—

| 1ung:>prostate:>kidn9y:>submaxilla?y gland>..ldbraine
The particulate fractions were the major sites of 5 =reductase
activity in all tissues except the submaxillary gland,. The

nuclear fractions contributed 19% of the total 5 ge~reductase



activity in kidney and 15% in prostata. Verhoeven et zl. (1974)
are of the opinion that 3 dereductase activity found in prostatic
nuclear fractions by other workers may be overestimated becsuse
nuclear enzyme activity may be depandent, to some coxtent; upon
nuclear purity,

There is considerable esvidence to substantiate the
hypothasis that dihy-dvotesteostercnz is the active androgen
which maintains certain androgen sensitive tissues, In soms
bioassays this hormene has a more potent androgeniolactivity
than testosterone (Dorfman and Shipley, 19563 Hilgar and Hummel,
1964} Moreover, dihydrotestosterons was found to be selectively
retained in rat prbstatic nuclel, where it stimulated specific
RNA synthesis (Davies gt al., 1972 Anderaonvgﬁngimg 1972),
Dihydrotestosterone stimulated RNA synthesis has also beeon observed
in nucledi isﬁlated from human hyperplastic prostatic tissue
(Davies and Griffiths, 1973). In many, but not all, androgen
sensitive tissues, specific high affinity receptors have been
detected for dihydrotestosterone; but not for testosterons
(Mainwaring and Mangan, 1973).

The cémplex situstion concerning androgen action in target
organs has recently been clarified in a study by Imperato-lcGinley
et_ale (1974}, who have located a group of human male pseudohermaphrodifea
in a villag» in the Dcainican Republic, These subjecte are born
with ambiguity of the external genitalia and have marked
virilisation at puberty. Biochemical data revealed ébnormally

low levels of S« —reductase activity, By studying the clinical
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daetails linked to this deficlency, it has been possible to

distinguish between organs that are sensitiué to testcaterons

and, others that are sensitive to dinydrotestosterons, The

authors hypothesise that during embryogeresis and again at

puberty, both testosterone and dihydrotestosterone are necessary

for complets male sxternal differentiation and development,

Testosterone, secreted in utsro by the tesles,; acts dirsctly on

the Wolfian ducts to cause differentiation to the vas deferens,

epididymis and seminal vesicleé, vhereas testosteroba acts as @

pre~hormone in ths urogenital simus and urogenital tubercle,

wvhere its conversion to dihydrofastosterone results in differentiation

of the sxternal genitalia and prostate, The androgen induced

changes at puberty, in particular, increase in muscle mass,

the growth of phallus and scrotum and despening of the voice

appear to be mediated by testosterone and occur in thg affected

sub jects, Development of the prostate gland,lincraasw in

facial hair, temporal recession of the hair line and acne do not

occur and appear to be mediated by dihydrotestosterone.

bostpubertal psychosaiual orisntation is male, indicating that

testosterone'and not dihydrotestosterone is the important messsnger.
Although the conversion of testosterone to dihydrotestosterons

_is of ultimate importance in taryaet tiesues such as ihe prostate,‘

tHe above étudy indicates that this conversion ie nel ubiguitous

for androgen action in man, and a complex interplay exists between

testosterone and dihydrptestosterone. Androgen metabolism

within a target tissue may play an elaborate role in the control
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of different cellulzr functions, Fer example, it has.been
shown that in ﬁrostatic organ culture dihydrotestosterane
stimulates cell division, whereas 3 p~androstanediol stimulates
cellular secrstions {Baulieu el _al., 19663 lLasnitzki, 1970),
Dihydrolestosterons is not the only active hormore
syrnthesised from a pre-hormone in a target tissue. Pregesterone
is metabolised, by a § g-reductass enzyme; %0 5 aworegnanew3,20mﬁione
in chick oviduct, and this product binds tc a specific 85 receptor
enabling it to stimulate the synthesis of avidin (Strott, 1974).
In the kidney, 25~hydroxycholecalciferol is activated by a
ZS(DH)Dsw1whydroxylase enzyma converting it to 1,25~dihydroxye

cholecalciferol (Fraser and Kodicek, 1970).

5e Zinc and the Prostate

Zinc, ths twenty fifth most abundant element, was first
shown to have biological significance in 1869 when it was found
to be required for the growth of the mould? Aspergillus niger
(Raulin, 1869), It is known to be arn integral part of a number
of enzymes of key metabolic importance (Vallee, 19593 0'Dell and
Campbell, 1971); and is found in high concentration in the male
reproductive tract,; espcecially in the prostste glend, where it
may have a more specific functior. (Gunn and Gould, 1970). The
original discovery that an extremely high concentration of zinc
occurred in the humen prostate gland was made by Bertrand and
Vladesco in 1921, The rat prostate gland also contains a high

concantration of zinc (Mawson ana Fischer, 1952b and 19533
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Fischer gt _al., 1955), The capacity to accumulate zinc is not
a function of the compleie rat gland, but occurs in the lateral
portion of the dorso=lateral lobe (Gunn and Gouldy; 1956a; Rixon
and Whitefizld, 1959; Fischer st al., 1955; Miller nt al., 1961;
and Webb et al., 1973)o  Prostutic zirc concentrations are
similar in dogs and men (Weltzel gt al., 19563 Lo st al., 19603
uhitamoreg 1503 and U«bb gt al., 173) The prostate glends
from hulls (Bertrand and Vladesco, 1921), cats (Aughey, 1970),
rhesus monkeys (Kar and Chowdhury, 196G), baboons (MUntzing gt alc,
1974}, and rabbits (Mawson and Fischer, 1952b) also cantain high
lavels of zince The boar, howsver, concentrates zinc in the
semlinal vesicles and not in the prostate gland, (Boursnell et al,,
1872}, in other memmzlian tissues éuch aslmusule, liver, heart,

intestine, pancreas, ovary and adranals, much lowsr levels of zinu
have bsen observed (Tipton and Cook, 1963,

Results from a number of analytical.studies which confirm
the existence of a high concentration of zinc invthe human prostate
gland are summarised in Table 1, To allow comparisons bstwsaen
these results, a conversion of values from pg zinc/y wet wt, to
Ho zinc/g dry wte. was carried out for the cases inZicated, making
use of the finding of Kerr et al. (1966) that moisture accounted
for 80% of the wet weiqght of prostatic tissue.

It appears from the analytical results presented in Table 1
that prostatic zinc becomes depleted during adenocarcinoma.
fhis finding has been verified by histological studies im which zino

was detected by specific staining techrniques using dithizorne and
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TableT. ZINC CONTENT OF THE HUMAN PROSTATE
Region of |[Normal B.P.H. Cancer |Method [Reference
Gland MeanRange No [MeanRange No [MeanRongs No
Not reported 04 - 2 * - - - - - ? Bertrand snd

Viadesco (1921)
' 558 - _ 268 - 65 -
Not reported B9 1265 7 1772 wmos 20 190 399 5 |Colorimetry  {Mowson and
Fischer (1952)
h
206 - 30- 65 -
Not reported [744 235 19 [486 ssa 51 (273 916 18 N
_ _ _ 24 - 1 140 - y [Colorimetry |Hoare et al(1956)
D68 0 8 |229.4 8
Dorsal 576 - - - - - - -
Right Lateral|784 -~ ? - - - B80 - 1 [Colorimetry |kerr et al(1960)
left Lateral 627 - 7 |- - - l219" - 4
130 - 1000 - 160 - Fe
Not reported [520 mn20 12 2300 swo 9 [285 450 10 X - Ray
60 - 4| Fluorescence| " o% ©19e)
- - I - - 70 260 3 ’ ) :
Dorsal 635 o 7 | - - -] - - -
e56 - * i
Lateral 1005484 7 | - - -1 - - - lAtomic
a0 - Absorption Gyorrey etal (1967)
Anterior 420 a3 ? - - - - - = |Spectrometry

) . 4186 - _ - _ _ . ~ 7

Interior 35 ¢s2 ?
3%10- o -
Not reported | - - - [38C04zee 7 [230 223 7
E 207 - [} 140- Atomic
Interior - - - B3 737 19 (273440 12 |Absorplion |cenicr e atised
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silver sulphate (GyGrkey et _al., 19673 Maguinay st al., 1963).
A lowered prostatic uptake of zinc-65 has been observzd during
in vivo perfusions of this isotopa into patients suffering from
prostatic carcinoma (Prout st al., 1959; Rosoff and Spencer, 1965)
Clincial studies have been performed to discover whether prostatic
zipc-65 uptake can be related to the response of prostatic
carcinoma to therapy (Boddy et _al., 1970; Lhisholn at al., 1974).
The results of these studiss, however, were rather inconclusive,
Maquinay st _al. (1963) made the observation that in areas
of glandular epithelium which proliferate prior to the
dawdiffarentiationAof adlenocarcinoma, the accumulation of
prostatic sacretion caused a rise in the zint level, Subsequent
loss of differentiation was gccompanied by a fall in the zinc
content of the tumour, This observation may explain thz wide
range of zinc levels found in prostatic adenocarcinomatous tissue,.
Gyorkey et_al, (1967) showed that the decrsase in zine during
adenocarcinoma cccurred mainly in the cytepnlasm, but zinc still
remained detectable in the nucleus, particularly in the nucleolus.
The studies of Mawson and Fischer (1952a) and Hoare et al.
(1956) showed that in hyperplastic samples the zirc content was
lower than in normal prostatic tissue samples. Thiss housver,
was in contraest to the studies or Shrodt et al. (1964); Gygrkey et al,
(1968); Gonick gt al. (1969) and Dhar gt al. (1973), and the
histological findings of Voigt (1958) and Gyorkey et al. (1967).
A possible explanation for these differences was offered in the

careful study of Shrodt et al. (1964), who suggested that the



discrepancy may be due to variations in the loss of prostatic
fluid from the specimen prior to the zinc determination,
This fluid contains a high concentration of zinc {rackenzise
at_al., 1962a)s Shrodt st _al.; 1964 reported thatv if pieces
of prostatic tissus were squeezed to remove prostatic fluid
privr to analysis, the tissue zinc level was depressed, The
masé of published evidence therefore suggests that zinc-iewels are
slightly greater than normal in hyperplastic glande Lut
substantially lower than normal in adenocurcinomatous glands.
Dhav gt al. (1973), found unusually high prostatic zinc levels
in normal and diseased prostates whern their results ars compared
to those from other studies (see Table 1 ). This may be explained
by the fact that no attempt was made by Dhar st al. (1973) to
protect against or monitor for zirmc contaminatione

Zinc is not distributed uniformly throughout different
areas of the human prostate gland, and the variaticns which occur,
summarised in Table 1 4 do not correlate well with anatomical
divisions of the gland (Kerr gt_al., 19603 Gygrkey 2t ales 1967),
In addition, in some investigations no correlation has bsen shoun
between the prostatic tissue zinc level and the content of
epithelium within the tissue (Kerr st _al., 1960; Hoare gt al., 1956).
Gygrkey et_ale (1967); howevar, chowed that in the ncrmal prostate
the acini, spithelial cells and cell nuclei of vari~us zones
stained for zinc, whereas in hyperplastic tissus, inten§e staining
ocourred in the epithelial cells and secretions. These findings

are similar to those of Voigt (1958), and of the radioautocgraphic
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study of Daniel et al. (1956).

The preserce of cytoplasmic granules has besn catected
in the epithelial cells which stain for zinc (Maguinay et al,,
1963). These granules occupy the basal and apical poles within
the cells. The authors suggest that zinc complexes are sacroted
into the lumen from Lthe apical region and that zinc is accumulated
from the peripheral plasma into the basal wegion. It is
interesting that zinc is also asscociated with granules in
leucocytes (Thiers and Vallee, 1957).

A more biochemicsl approach to the problem concerning the
histological distribution of prostatic zinc has bheen attempted by
mintzing et ale (1974). Zine content was compared with
B =glucuronidase since the concentration of this enzyme is related
to the amount of epithelium in human prostatic tissue (MUntzing and
Nilsson, 1972) A strong correlation was found between zinc and
B =~glucuronidase activity in non-cancerous, but not in cancerous
tissuae High levels of zinc were also detected in epithelial
cells and glandular lumen in the prostats glands of rat (Rixon
and Whitefield, 1959; Logethetopoulus, 1960), cat (Aughey, 1970)
and dog (Mackenzie st al., 1962b),

The prostate gland is knoun to be androgen dependent and
‘there is considerable evidence tinat tha accumulation of prostatic
zinc along with other specialised functicne is under androgenic
contrbl. Administration of suitable doses of androgen to
castrated maturs male rats prevented the striking fall in zinc-65

uptake by.tha dorso-lateral prostate, which should follow castration
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(Gunn and Gouldy 1956b and 1957; Mirand ano Bendery 1956).

Zine accumulation in the rat testes is similar to that in the
prostate and may be under hormonal cuntrol {(Gunn aud Gould, 1970),
In the dog pre=pubsrtal zinc lsvels are lowe A 10% dacrease

in prostatic zinc occurs following castration and a restoration

of normal zinc levels in the prostates of castratad animals may

be achieved by administration of testostercne (whitmore, 1963).
Zine accumulation may also be under androgenic control in the
baboon (MUntzing et al., 1974).

In man, although prostatic zinc concentration is probably
under androgenic control, reliable evidence on this point is still
lackinge 1t has,‘houever, been shown that in the human hyperplastic
prostate gland zinc and testosterone accumulation are carried out
by the binding of these compounds te different proteins (Reed
and Stitch, 1973). There is evidence that, in addition to a
specialised role in the human prostate, zinc may pluy a more general
role in male sexual development (Sandstead et _al., 19673 Caggiano
et al., 19695 Prasad gt alecy, 1963).

Testosterone may not be the only endocrine factor controlling
zinc uptake. Testosterons and prolactin have besn shown %o
increase zinc uptake synergistically in the rat prostate (Gunn eb al.,
19653 Moger and Geschwind, 1272). Prulactin has also besn shouwn
tb stimulate zinc uptake in the absence or testostecnne (Moger and
Geschwind, 1972).

In the Femaie, zinc accumulation may also be undsr steroidal

control but hers, progesterone may be the controllinmg influence.
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For example, in women (Hagenfeldt et al., 1973) and in femals
rahbits (Lutwak-Mann and McIntosh, 1969) endometrial zinc
increases during the progestational phass of ths menstrual cycle.
Serious interference with reproductive performance has been detected
in zinc deficient female rats (Mann, 1964).

The function of a high concentfation of zinz in the
prostate glard is uncertain, but crnnot be accounted for by
the ircorporation of this cation into metalloenzymes (Fischer gt al.,
1955), In a variety of specises much of the prostatic zinc is
located within the epithelium and cellular lumen, Human sperms
cells (Mawson and Fischer, 1953), seminal plasma (Mawson end Fischer,
1956) and especially prostatic secretion (Mackenzise 8t al., 1962a)
contain high leveis of zinc, implying @ special, as yet undiscovered,
physiological role in reproduction, perhaps in the female »eproductive
tract. In support of this hypothesia, it has been demonstrated
that in the roe deer, the endomstrial zinc congentration remains
high after coitus and throughcout delayed implantation (Aitken, 1974).
Contrary evidence to this role in the case of the rat, however, vas
produced by Gunﬁ and Gould (1958) who showed, by ligation oi the
dorso=lateral prostate, that prostatic Fluid,py@sumably of high
zine concentration, is superfluous for rat fertility. In this
spozies, nowever. zinc may be supplied to semen from the tastes
(Wetterdal, 19583 Birnhaum et al., 1961),leaving open the possibility
qf a role for high concentrations of zinc in fertility, It is
interesting that in rat semen little of the zinc is axfractable

(Saito et _ale, 1968), and zinc is probably compleked to thiol groups
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in the keratin=like structures of sperm tails (Calvin and Bleau,
1974), In man (Eliasson et _al., 1971) and dog (Saito et al.,
1967)90n the other hand,a large proportion of zinc is extractable
and is probably protein bound (Ekbom ang Wetterdal; 19613 Johnson
Bt al.s 1969) Zinc binding in seminal plasma may be of some
imgortance, since free zinc is toxisc to spermatozoa (Lindholmer,
1874) . This might explain the suppression of fe.tility —aused
by intra=uterine devices containing zinc (Zipper gt al., 1969}
It has bemen suggested that one possibla role of zinc in
semen might be to iﬁhibit sperm mobility, thus holding the
energy system in check uwntil the actual time that Pertilization
is teo take place. If spermatozoa are washed in vitro, an
increase in respiratory activity occurs and fhis may he associated
with the concomitant loss of zinc (Eliasson st _ale, 1971).
Conversely a decreaswe in sperm mobility may be related to an
incregase in the concentration of zinc in the epioidymis following
administration of monochlorhydrin, a male entifertility drug
(Gunn and Gould, 1972) . The fact that the sperm of some marine
spocies do not become motile until the zinc concentration has
become diminished sugge=ts that an inactivating role foi zinc may
also occur in primitive forms with external means of fertilization

(Fujii et alog 1955)0

6c Outline of Resasarch

The present study is concerned with some aspects of

androgen metabolism in the human prostate gland, Initial findings



by Grant 8t ai. (1971) sugaested that the nuclear 5 a~reductase
of the human hypsrplastis prostate was modified by zinc. Since
zinc is present in high concentration in the human prostate gland,
interactiorns of this slement with testosterone 5 G-reductass may
have physiological implications. This study thorefore set

out to learn more about ths general chaiacteristics of the

5 a=-reductase present in the humen hyperplastic prostate und,

more specifically, to study the effect of zinc on this enzyme.



34e

B, WATERIALS AND METHODS

Te Chemicals

Non--labelled steroids were obtalned from Korhel ight
Laboratories Ltd,, Colnsbrook, U.K. and Steroloids,; Croydon, UK.
Bovine serum albuming DNA from calf thynus type 1 {(highly pclymerised),
glucose=6~phosphate, flucose-G=phocnhate dehydrogenase (from Torula
yeast typs X1), o=phenanthroline and nucleotides were from Sigma
Chemical Co. Ltde, KingstonuuponéThames, UKo Zinc chloride
(Specpure) and copper chleride (Specpure) wers from Johnson and
Matthey, London, UK. All other chemicals wers obtained from

British Drun Houses Ltde., Poonle; UK. unless otherwise stated,

2e Solvents

Ethanol and methanol {Burroughs, A.R. Grade) were used
without further purification. 8enzeneg, obtained from HBritish
Drug Houses lLtd.,; was passad through & column containing silica gel
and coricentrated sulpnuric acid, wsshed with water, dried ond
distilled twice before use, ALl other solvents were alsc obtained
from British Drug Houses l.id,; unless otherwise stated, and were

used without further treatment,

3 Distilled Deiorised lWater

All solutions were prepared with water which had been
distilled and deionised in an Aquator 60E (Anderman and Co, Ltde,

London, U.K.) water purifier,
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4o Radicactive Steroids

[192u3ﬁ] Testosterone (specific radicaciivity 56 Ci/mmol) and
[4m140] tostosterone (specific radicactivity 58.2mCi/mmol) were purchased
from the Radiochsmical Centre, Amersham, U.K. [192W3H] da =Androstanediol
(specific radicactivity 44m{i/mmol) and dihydro [4m14Gt]tastustavona
(specific radioacﬁivity 56Ci/mmol) were the products of New England
Nuelearn, Franki“uri;9 Germanys Although thess radiocactive steroids
should be pure on lesaving the manufacturer, zome decomposition may have
oceurred durling transit and storages Thay ware therefore purified and
radiochemizel purity was established before they were used in experiments,

Purification was accomplished by paper chromatography in Llight
petroleun (bepoB0%=100°C)=benzeno=nethanol-uater (4:1:4s1 by vole)w
The sample, 1,2« H ] testostarone (25uCL), [1,2-"0"] 3¢ wandrostanadiol
(25uCi), [4@1&0‘]teatoaﬁernne (5pCi) or dihydro [4w1écjltestcstarona
(54C1) was spotted on Whatman Noo 1 paper (50cm x Scm), equilibriated
overnight in a tank saturated with the above solvent syastsm, and then
develeped in s descending manner for 2%h in the supernatant ("mobile")
phase, light petroleum (bop9800m10008)wbenzens (451 v/v)o The radiow
active steroids were detected on a radiochromatogram scanner {(Model 2700
Packard Instrument Co. Litde, Wembley, U.K.) and ths arsa located on the
paper was cut into small squares (icm x icm), plaged in a flask (50ml)
and eluted overnight with 95% aquecus ethancl (10ml), The suparnatant
was then decanted and the flask rinsed with ethanol (Sml). The pooleu
" extracts were placed in a glass tube in a water baih (40°C) and the
solvent evaporated undér a stream of nitrogen, Benzene (4ml) was

added and & sample (0.05ml) counted, This stock solution of purified



steroid was svored at 4”69 Benzene was used as storags solvent as
suggested by Bayly and Evans (1968), In the case of [192m3H ]
testosierone the spocific radiocactivity was decreased {o 14Ci/mmol
by the addition of enld steroid,

To provids proof of radiochemical homogemeity, carrisr steroid
(20mg) was added to a sample (D«OSml)‘of stock solciion and the
radicactive and carrier stercids ir the mixturs crystallicod from
acetona/hexans (5:1 v/v)oe If the specific radioactivity of both
crystals and mother liquor in successive crystallisations were constant
to within 5% of the specific radiocactivity before crystallisation,
then radiochemical purity had been achisved (Axelrod gt _al., 1965).
In all casss the method just described produced radiochemically pure

steroid,

56 Tisgsue

(a) Rat Ventral Prostatic Tissue

Spragus=Dauwley rats were reared in an animal house on a
recommended diet (Diet 41, Bruce and Parkes, 1949). Adult males
weighing bstween 200g and 400g were killed by decapitationg; and the
ventral prostate gland, located at the base of the hladder, removed
from each rat. The glend was separated from its surrounding capsule
of connective tissue with forceps and placed in a plastic bag in
crushed ice. Since the average welght of the rat ventral prostate
Qland is'around 0.5, s8ix glands were ugsed for wach experiment. No
longer than 20min elapsed between removal of the Qlandé and the start

of an experiment,



(b) Human Prostatic Yissua

Fresh human prostatic tissus was made cwailablc by the Urology
Departmants of three Glasgow hospitals - Glasgow Royal Infirmary, the
Vestern Infirmary, and on occasions Stobhlll) Gensral Hospital.  Surgical
removal of the prostate gland from elderly males suffering frem symptoms
of henign hyperplasia was carried cub by either the retropubic or the
asuprapubic route (see Figure 2 ). The ramoved ¢lznd wac traneferred
immediately to a plastic bag, placed on crushed ice, and taken without
dolay to the Pathology Department of Glasgow Royal Ihfirmaryn There
it was weighed, examined, and large ssctions cut for histological
investigation, ‘ The remaining tissus, which varied in weight from
59 to 70g capending on the size of the benign growth,was taken to the
laboratory. The period betwsen removal of the gland and the start of
an experiment was usually less than 30min. However, in some coses
when the ssmples were obtained from hospitals other than the Royal
Infirmary, this period may have been longer, bﬁt never axceoded 90nin.

In experiments using this fresh tissus; samples exceeding 10g were not
required, Any remaining tissue was stored for subsequent experimsntation
by the method outlined 1n the following section.

(c) Freszing of Human Prostatic Tissue

Prostatic tissue (10g) was placed on a plastic dish in crushed
icae, cut into amall squares (0.5om x D.5cm approximately) with a razor
biada, and dropped into liquid nitrogen (~196°C)° After 10min the
pieces were transferrsd to a plastic bag by a wooden spoon and stored
in a refrigerator at =70%C, When required tissue was thawed rapidly

to minimise ice crystal formation (Mazur 8t al., 1970), The frozen
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tisaue squares were placed on a plastic diech partially immersed in
warm water maintained at 30°C. To increase the surface area of
the tissuse exposed to this heat it vas continually chopped with a
razor blade. Thawing was complete aftor 5min when, to prevent
snzymatic deoradation, the warm water surrounding the dish was
replaced by ice. The chopping procedure was continued until a
fine mince was obtained, after which the tissue was ready for

homogenisation.

Ge Fragtionation of Human Prostatic Tilssue

The method used was based on that of Kowarski et al. (1969),
but considerable modification was required to accommodate bthe
peculiarities of human bkenign hyperplastic prostatic tissus. A
major problem was its extreme toughnsss, due to & high concentration
of fibromuscular and connective tissus elements,. All-cparations
ware carvied cut at or as near as pessible to 0% hy ke=sping vessals
and soluticong in crushed ice. A cold room was not available,

An outline of the methed used is shown in Figure 4.

(a) Homogenisation

Progtatic tissue (10g) was placed on a plastic dish partially
immarsed in crushed ice and finely minced with a rezor blade. To
remove blood contamination, extracellulor fluid and cell debris, ths
mincaed tis&ué was transferred to & flask {(50ml), anu mixed with a
Suffered 0.15M NaCl pH 7.0 solution for 10min at 0°C with a magnetic
stirrer, The supernatant was decanted,; fresh buffered 0.151 NaCi

pH 7.0 solution (20ml) added, ant the washing procedure repeated,
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Figure 4.

SUBCELLULAR FRACTIONATION OF HUMAN HYPERPLASTIC PROSTATIC TISSUR

Prostatic Tissue (10g)
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The peoled washes were filtered threough nylon bolting sloth (Nybclt
25T 45p porey Jonn Staniaer and Co., Manchester, UoKo)o The resulting
filtrais was termed the extracellular fraction.
The washed minced tissue was separated into three squal
batches and suspended in a solution (20ml) of 0.25M sucrose, U.05M

- 7
Trig=HCL (pH 7.0 at 20°C), 0,025M K€1 ard 6 x 10 Ve MgCl, (0.2Em

sucrose=T.K.M. sosution). Each hateh was placed in a prlycarbonats
tube (100ml). An Ultra~Turrax homegeniser (Janke and Kingel, Breslov,

Poland§ U.K. agents The Secientific Instrument Centre Lid., London),
which uses steel blades, was found to be most effective for the

further disintegration Gf this tough tissue, and was opsrated ab
soetting No, 4 with three periocds of 10s and intervals of 109;_o
Homogenisation wae completed with a Thomas homogeniser {sizs C

AR.H. Thomas Company, Philadolphia, UeSche)s This is a Potteretype
howmogeniser with a teflon pestle and glass vessel and a clearance of
0,006in = 0,009in, The pestle was operated at 600 rep.m. with two
vertical movements of the vessel, During homoganisation with both
typss of apbaraéus ths vessel containing the suspension wes surrounded
by crushed ice in order to minimise the effect of a rise in temperaturs
dus to friction. Ths homogenate was Tiltered through twe layers of
nylon bolting cloth (Nybolt 257 45p pore) and the filtrate volume made
up to TO0mx with Gozg:SUﬂrﬂsemToKnMa soiuticn, During this filtration
some material was unable to pess through the 45y pores of the nylon
bolting clothe Since this mesh size is about twice the diamsbzr of
whole cells, the retained material must be resistant to the extreme
homugenisation procedurs. Under the light microscope the filtrate

was found to cmnsist of many broken celle; occasional epithelisl
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wholse cells, and clumps of stromal tissuej while the fraction held
back by the filter contained a conglomerate of nomogeniusation
resilient stromal and connective tissuse. The filtrate thus

constituted an enriched epithelial homogerate fraction,

(b) Isolation of the Nuclear Fraction

The method suggested by Blodel and Potter (1966) resulted
in an extremsly low nuclear yield when applizd to human hyperplastic
prostatic tissue. In order to effect some increase‘in this yield,
the method was modified by isolating a crude nuclear pellst prior to
further purification. The enriched epithelial homogenate fraction
(see previous Section) was placed in M.5.E. polycarbonate tubes (100ml)
which wers fitted to the swing--out head of an M.5.E. Mistral 4L
gentrifuge (Measurement and Scientific Equipment Ltde., London, U;KQ),
operaﬁed at 600 g for 15min at 4°¢, (A1l "g" values reported in
this study were calculated from the average radius of rotation of the
column of liquid in the rotor tubes). The pellst obtalned was
suspended in 0.25M sucrose=T.K.M. sclution (10ml) and the centrifugation
procaedure repeated twice. Subernatants from the‘three precipitations
were pooled and the final crude nuclear pellet was gently suspended
in 1.8M SUCfOSQ“ToK;MQ sclution by repeated passace through the tip
of a Pasteur pipette.

Volumes (3ml) of 2.,0M sucrose~T.K.M, solution were added to
three M.S.E. polycarbonate tubes (23ml). Crude nuclear suspension
(20m1 to each tube) was gently layered on top of the ZODﬁ sSUCT0s8=T oK oM,
solution and the interphass betwews. tho two layers gently disturbed

with a glass rod, The tubes wsre centrifuged fer 120min st 96,000 g
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(rﬂvo 3.70cm) in the 3 x 23ml aluminium swing-out rotor of an M.S.E.
Superspeed 65 centrifuge. The temperature control was set at SUC,
since if centrifugation is carried out at below 4089 the resulting
change in the viscosity of concentrated sucrose produced poor nuclear
yields (Jouan st _ale, 1973),

On completion of centrifugation a white sliyntly opalescant
pellet in the shape af a thin dizc was deposited at the boitom of the
centri?ﬁge tubee The supernatant sucrose selution was carefully
removed by suction and the sides of the tube cleaned with Kleenex
medical wipes. The psllet was resuspanded in 0.25M sucrnse=T K./,
solution (15ml) and washed twice by precipitation for 10min at 600 9
(rauo.TSGm)o The final nuclear pellet was cerefully suspended in
the solution used for incubation, This consisted of Tris but'fer,
pH 7.0 et 20°C (0.0 ) conteining Figtl, (S 107M), NaCL (0.05M),
and, in specified instances, EOTA (5 x 10m5N) and dithiothreitol
(5 % ?0"4N)¢ A smouth suspension was achieved by gentle stinring
with a loose-fitting glass pestle followsd by repeated passage through
the tip of a ﬁaeteur pipette, To remove any clumps of nuclear
material which might remainy, the suspension was finally filtered
through nylon boltina cloth (Nybolt 25T 4§p}o In most experiments
this final "pure" nuclear fraction was made up to 15ml with
incubation solution,

(¢) zsolation of Other Cellular Constituents

Other cellular constituénis were isolated in M.S.E,
polycarbonate tubes (10ml) by centrifugation in the 10 x 10ml

aluminium angle rotor of an M.5.E, Superspeed 50 éentrifugao



43¢

The pooled postenuclear supernatant (80m} approximately) was
centrifuged at 9,000 E.(rauo 2.55¢m) for 10mir, The precipitated
material was resuspended by agitation on a vortex mixer in 0.25M
sucrose=T.K.M. solution (10ml) and again centrifuged at 9,000 g

for 10mii.e The final pellet was termed the mitochondrial fraction.
The supernatanﬁs‘mera poeled and centeifuged at 105g00Q.g (réw° 2055¢cm)
for odmine In some sxperiments this 105,000 Q.pallat was again
suepended in 0,25M sucrose~T.K.M. solution {20ml) and centrifunged

once more at 105,000 gﬁ?or 30mine The final p@lleﬁ and supernatant
vere termsd the microsomal and cyltosol fractlons respectively. Ths
mitochondrial and microsomal pellets were suspended in incubetion
solution by gentle stirring with a looge=fitting glass psestle followed
by repeated passage through the tip of a Pasteur pipette, Incubation
solution was added to make up = final volume of cytosol (100ml),

microsomal {50ml) and mitochondriol (15ml) fractions.

Te Isolation of Nuclear Fraction from Rat Ventral Proststic Tissus
In a few experiments nuclear fractions from rat ventral prostatic

tissue were isolated using the method of Blodel and Potter (1966) without

further modification. Prostatic tissue from six rets (total weight
2.50 = 3,50) was used for each nuclear leolation. This tissus was

washed with G.25M NaCl in thes wanner described for human prostatic
tissua, The washed mince was suspended in 0.25M sucrose=T.KeM.
solution (20ml) and homogenised with the Thomas homogeniser already
described in 6 (a)o .Tha homogenate was filtered through nylnn holting

cloth (Nybolt 25T Aﬁy) and the filtrate volume wade up to 20ml witk
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0.25M sucrose=T.KM. solution. In the cass of rat ventral proststic
tisgue, little wmaterial was held back during filtration. In ordar
to raise the sucrose concentration to 1.6M, 2,31 sucrose~t  K.fl.
gsolution (%5ml) was sdded to the filtrate Volumas {(Gml) of 2.3M
sucrose=T.K.M. solution were addad to % x 23ml M.5.E. polycarbonate
tubes. Homogenate (17ml to each tube) was then carefully layered

on top of the 2.3M cusrose soluticn, ths interphasc between the two
layers gently disturbed with & glass rod, and the tubes centrifuged

for 90min et 96,000 g (v, 3e70cm) in the 3 x 23m) aluminium ewing-out
rotor of an M.S.E. Superspeed 55 centrifuge. The nuclear fraction

was suspendsd in incubation solution «(15ml) in the manner described

for human prestatic ruclsar fractions,

8. Incubation Procedurs

[h,ZmzH]'Testoaterone in benzens was placed in a glass tube
and the solvent evepurated in & water bath (4U°C) under a stream of
nitrogen,. NeN~dimethylacetamide (1Gyl) was added to aid solubilisation
of the steroid.  If the assay system contained large amounts of protein
the steroid might‘bind to this, and the observed rate of reaction would
then be due to the rate of dissociation of the stevoid protein complex
rather than to the rate of the enzyme catalysed reaction. This type
of affect can be eliminated by the use of a solubilisation agent such
as NiN=dimethylacetamide (Engel; 1969).

A known valume of incubation fluid containing nicotinamide
(064M) and NADPH (2 x 1Om3M) was added to the solubiliémd [1,2=3H;s

testostarons, In order to allow the finsl concentration of components
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in the complete incubation (total volume, fml) to correspond to the
values shown in Table 2, volumes {0.1ml) of tihis solulion were added
to sach incubation. The final concentration of subcellular
fractions in each incubation is ehown in Table 3, To quantitate
the amount or 3Hmtestosterone added, duplicate samples (0.1ml) of
SHmtsstosterona9 with the addition of absclute alcshol (3ml) to aid
evaporation, were placed in plastic scintillation vials (Fackeod
Instrument Coe), gvaporated to dryness under a stream of air, snd
counted at the sams time as the purified radinactivmlmetabolitsae
incubations (1ml) were carried out in air in stoppered "Exelo" Ce10
test tubes in a shaking water bath (37OC, for 20min. The tubes
wera then Lransferred to an ice bath and the reacfiun terminated by
the addition of chloroform : methanol 3:13 v/v (2m1) o Methanol
(0.1m1) containing 2 x 1030cpamo {4&140 ]testosteronag methanol t001m1)
containing 2 x 10390P0ma dihydro [4m1dc‘]teatostaronmg and mathanui
(C.1ml) containing 3 a-androstanediol (200pg) were added to permit
determination of procedural losses in subseguent purifications. To
quantitate the amount o?-140 steroids added, duplicate samples (0.1ml)
of [4w148iltestostarone and dihydro [4m140t]testmstarona were placed
in plastic counting viels, evaparated to drynese vnder a stream of air,
and counted at the same time as the purified radicactive metabelites,
Steroids wers extracted aiter incubaticn by a method similar
tﬁ that used by Folch gt al. (1957) to isclate lipius from animal
tissues, Incubation tubes were stoppered, shaken by hand, and the
contents transferred touauickfifl1&/23 test tubes (15ml). The

incubation tubes were rinsed with chloroform ¢ methanol 331y v/v (5ml)
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TABLE 2.

Final Concentration of Components of the

5 ¢ ~Reductase Agsav System

Componsent

Corncentration .

SHmTastostsrona

MgClé
NaC1l
Nicotinamide
NADPH.
EDTAF

l..
cithiothreitol

7 % 4077W (2ng/mi)

(approxe 2 x 10%d.peme/ml)

§ x 107N
0.05M
0.04M

2 x 107n

5 x 107°M

' wnd]
5 x 107M

Buffer = Tris = HCL (0.01M) p4 7.0 at 20°C.

I Only present in specified instances,
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TABLE 3.

geionetvh

"inal Concentration of Subcellular Fractions in the

5 a~Reductase Assay Systenm

Subcellular Fraction ¥ Protein Concentration
(pg/md)
Homogenate 100
Nuclear 200
Mitochondrial 1u0
fMicrosomal 100
Cytosel . 400

#* Usually only one fraction per incubation.




to wash out any remesining steroid, and thls wash added to the
axtfaction tubes. The tubes were then fixed mitH"Terrf1clips

to a plate which was rotated by an slectric motor in a vertical
plane at BO r.peme for 10min to extract steroids. Follouwing
extraction the tubes were centrifuged in an M.S.E. bench centrifugs
operated st séaad setcing No. 6 for 10min. The upper asqueous
phsac was siphoned off and tiie lower soclvent phasse canfaining the

extracted steroids plaged in a water bath (4000) and svaporated to

drynesa under a stream of air,

9 Purification of ths Radicactive Steroids from the Incubstion

(a) Mathod A. )

The stsroids present in esch incubation extract were purified
by paper chromatography in light petroleum (bepe BDon1GGDC)mbenzemeu
matﬁannluuater (4213431 by vol). The sample was spotted on Whatman
No. 1 paper (50cm x Scm), equilibriated overmight in a tank saturaéad
with the solvent system just described, and developed for 2%4h in
descending marnner in.the supernatant "mobile" phase light petroleum
. (bop. 80%=100°C)=benzene (4312 v/v) o The radioactive steroids were
located by detection on a radiochromatogram scanner (Model 27003 Packard
Instrument Co.)e This systam yielded an RF of 0,39 for testosterons
and 0,64 for dihydrotestosterone. The detscted areas on the paper
were cut into small squares (1cm x 1cm), and sach area thus cut placed
in a flask (50ml) and eluted overnight with 95% aqueous ethanol (10ml).

The supernatant was decanted into a“Quickfitn1¢/23 test tube (15ml),

the FlasK rinsed with ethanol (5ml) and this wash added to the supernatent,
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Volumes (200ug) of either testosterone or dihydrotestosterone were
added to the supernatant, and the test tube placed in a water bath
(400C) and svaporated to dryness unuer a stream of air,.

VTha steroids wers further purified on thin layers (C.4mm) of

silica gel (Kiesel Gel Hf Merck, Darmstadt, Garmany).

2544366° ©°
in urder to solubilise any lipids present, acetone (10 drops) waa

added down the sides of the test ftube containing the svaperated naper
extract, The resulting solution was carefully spotted at the origin
of the teleco plate with a Pasteur pipetts. An interval of several
minutes was allowed to slapsse between applications to permit evaporation
of the‘solvante This procedure was repsated with ether (10 drops).
The tel.c. nlate wés devaloped three times in acetcne to a height of

4cm to concentrata the spotted extract into a thin lins, Final
development was carried out in ascending manner in & chloroform 3
acetone (7:1; v/v) mixturs for 40 min. The steroids were detecteo

by an ultra-~violet lamp (Camlab Ltd., Cambridge, U.K.). Testogterons
(R? = .41) was daetected at 254nm, and dihydrotestosterone (R? = 0o50)
at 350nm. The silica gel in the detected area was loozened with a
razor blade and sucked into a shortensd Paateqr pipette which was
blocked at the narrow end with a cotton wool plug and attached to a

water suction pumpe. The Pastesur pipetie was then placed in a°
scintillation vial and the stsrcids adsorbed to the silica eluted into
this vial by the addition of ether (2ml) into the top of the pipette.
The vial was placed in a water hath (4006) and the solvent svaporated

under a stream of air.
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MERRIAS

The steroids present in each incubaticr extract were purified
by teol.c. of acetylated derivatives. Testostervne (200ug) and
dihydrotestosterone (2DUpg) were added Lo the incubation extract in
a Quickfit 14/2% test tube (15ml),  The test tube was placed in a
watar bath (dUDC) and the solvents eyaparatad to dryness under a stream
of aire - Pyridine (D.1ml) and acetic anhydrice (0,1ml) were added
doun the sides of tha tube, which was then stopperad and shaken briefly
on a vortex mixsr, Acetylation then procesded in darkness either at
60°C for 1h or at room temperature overnight. © Volumes (5m1) of
chloroform s methanel 3:1; (v/v) and distilled deionised water (2ml)
werae then added} tﬁe vater was present te facilitate partition., The
stercids were extracted into the solvent layer and evaporated to dryness
as described for the extraction of steroids after incubsiion (Section 8).
Tha acetylated steroid extract was spotted onto thin layers (0.3mm) of

alumina (Kissel Gsl Hf Type 60) and developsd in acetone to a

2544366
height of 4cm in the manner described {or Method A, Final deovelopmsnt
was carrised out in aécanding manner in a cyclohexans ¢ athyl acgtata
(4218 v/v) mixture for 90min. The steroids were located under
ultra~violet light. Testosterone acetats (RF = 0,28) was detected

at 256nm and both dihydrotestosterone acetate (Rf = 0,44) and

3 o.~androstansdiacetate (Rf = 0.75) at 350nm. Elution from the
giumina into plactiec counting vials was carried oul in the mannar
daescribed for Method A.

In the case of Ja —androstanediacetate, only half the sample

was trensferred to the vial, the remainder being used to calculate
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procedural losses of the steroid by gas liquid chromatogrephy.

106 Gas Liquid Chromatoqraphy of 54 =Androstang=3a ,17B=Dinl

A Series 104 gas chromatogram (Pyae=Unicams York St., Cambridge,
UoKo) was ficted with a glass column (210cm) packed with 1% SE~30 on
Gaa-Chrom @ (Applied Sciences Inc., State College, Pennsylvaniog U.S.A.)
and maintained at a temperature of 230°C. Nitrogan (201Kg/cm2} was
used as carrier gas and, after passage over the stationary phase,>the
sample was detected by a flame lonisation detsctor. Hydrogan (1;0K9/cm2)
was used as fuel, and air (0a7Kg/bm2) as oxidant, An Autclab 6300
digital integretor with a 6300 Accessory module (Spectra--Physics,
Harpendale, U.Ke) monitored the detector output. This calculates,
elactronically, the peak area of the amplified signal from the flame
ionisation detector.

Absolute alcobol (0.iml) was added tn dried samples containing
3o —androstansdiacetats. A sample (2u1) of this solution was injected
into»the trp of the gas liguid chromatogram with a graduated Hamilton
syringe (10ul)e

During each experiment the gas liguid chromatogram was calibrated
by injection of Ja -androstanacdiacetate bstween ozch batch of five
injections of unknown samplese This steroid had a retention time
of 340s, The integration delay, which controls an adjustable delay
périod before the integrated output is recorded, was set at 200s so
that the area of the solvent peak, which had a retention time of less
than 200s, should not be calculatsed, The concentration of

30 -androstanediacetate in the unknown sample was then calculated by



comparison of its peak area with ths peak area obtained from ths

known 3 a-andrestanediacetate sample (2ug).

110 Counting of Rauiocactivity

Sarmples which had previcusly been diied in plastic vials were
counted after addition of scintillation fluid [(10m1) NoEa233, Nuclear
Enturprises Ltde, Edinburgh, UeKo‘o This scintillation fluid
contains highly purified toluene, 2,5 diphenyloxazole (P.P.0,) aciivater,
naphthaléne for reduction of chemical quenching, and 1,4 di [Zm(ﬁmphenylm
cxazolyl) }nhenzena (P0,Ps0.P.) spectrum shifter. It was chossen for
uge in these expariments because the samplss to be counted were
completely sovluble in toluene, counting o’ficlency was high, and _
minimal guenching occurred. Double ilsotope counting was performad
in two channels (green and blum)} of a TrieCarb liguid scintillation
spectrometer (Model 33803 Packard Instrument Co.). The width of tha
window in the green channel was adjusted to allow the detectisn o?-
carbon=14 alone, whils in the blue chanmel tritium and carbon-14 were
counted. To obtain a sufficisntly high efficiency of carbon=i4
detection, about one-fifth of the counts due to this isotops in the
green channel overlapped into the blus channel. The exact degree of
overlap undar the sxperimental counting conditions was determined by
the inclusion of a carbon=14 standard in each set of samples, The
carbon=14 overlap value, when subtracted from the total counts in the
blue channsl,; produced the counts due to tritium im the blue channel.
The channel selection controls were set as follows e

_Green C-~D Coy and Blue Ewf Egg = F

0 = Pioon 190,
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This allowed a counting efficiency of 33%=35% for tritium in the
blue channel, and 42%-45% for carbon-14 in the green channal.

Counts werse accumulated in sach channel to give an S5.E.M. of less
than ons percent, whicn in most samples required counting for 10min.
The degrez of quench in each sample was mornitored by use of the
automatic external s%andard (RE.5.) ratio. Tritium counting
efficrency was calculated by the inclusion with each seé of samples
of vials conteining SHmtuluena (Packardllnstrument Co.) of known |
dePeliio with this knouwledge, 3Hmcopom° could be corverted to daepete
All calcuiatlions were performed on a desk computer (Programma 1013
Britisﬁ 0livetti, London, U.K.) by means of specially prepared

programmes .

126 Analytical Msthods

(a) Preparation of Protein, RNA and DNA Fractiong

- The method used was adapted from that of Schmidti and
Thannhauser (1945), recommended by Munro an& Fleck (1966) in a
detailed reviow as tge most satlsfactory method of nucleic acid
purification prior to estimation, Ice~cold 10% (w/v) trichloroascetic
acid (5ml) was added *o samples to bs analysed, These usually
consisted of homogenato (1ml) or nuclear suspsnsion (1ml). The
test tube (10ml) containing this solution was placed on ice foo 10min
prior to centrifugation, Nucleic acids and proteins were precipitateo
by centrifugation in an M.S5.E. Mistral 4L centrifuge at 500 g_(fau’ 17cm)
for 10min at 0“00 The supernatant (the acid soluble fraction containing

low molecular weight components) was discarded and the precipitate washed



with 59%{(w/v) trichleroacetic acid (5ml). The precipitate waé then
dehydrated with 95% aguaous ethanel (3ml) end the lipids extracted

by washing with ethanel s ether 3:1(v/v) {(3ml), This procedurs

also helped to remove trichloroacetic acid, which way interfere with
subzsequent DNA determinations, from the prrocipitate. The remainlng
precipitats was dried under a stivam of air and digested overnight

in a =lowly shaking water bath (37°C) after addition UFlOQSW KOH{1ml).
A sample (DOo2ml) was taken for analysis of protein, and to the
remaining digest ice=-cold 1.2M perchloric acid (0.5m1) was added,

and the mixture allowed to stand on ice for 10min. Thé supernatant
{ RNA ffaction) was dscanted and the preciplitate washed with 0.2#
perchloric acid (0.5ml). This wash was added to the RNA fraction
which was then made up to 3ml with distilled water. The precipitate
(DNA fraction) was made up to 4ml with 0.5M perchloric acid and

meintainud at ?DDC for 30min to solubilise DNA,

(b) Protein Determination

The method used for protein detsrmination was that of
Lowry el ale. (1951). Reagents used waresw-

2%(u/v) Na €O, in Do1M HaOH;

3
1%(w/v) Cus0, colution;
2%(w/v) Na tartrate;
normal Folin Célcalteau reagent

. working alkaline Cu reagents (This was prepared immediately
prior to use by adding 1% Cuso, sclution (111) and 2% Na
tartrate (1ml) to the 2% Na,C0, solution (98m1), and
standard bovine serum albumin (100pg/ml) in 0,03M KOH.
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This alkeline digest ssmple was dilutsd to 2wl with distilled
water, Aliquots (1ml) of this protein golution and aliquets (5ml)
of the Freshly prepared alkaline Cu reagent wsre placed in a test tubs
(10ml), mixed thoroughly end left for 10min, Felin Coicalterau
reugent {N.5ml) was added and ths solution mixed immediately end left
to stand fur exactly [0min at roon temperature, The optical densily
was coterminsd im a Uvichem Z.P. 600 spectrophotometer at G25nm. A
standard curve in a linear range (10pg = 100ug) of bovine serum albumin
wag prepared for every set of determinationse.

(c) RNA Determination

.The method used for RNA determination wes a modification of
the orcinol reaction used by Kerr and Seradiadarian (1945). Th%e
method depends on the cenversion, in the presence of hot acid, of
pentose teo furfural, a product which reacts with oreinol to yield a
gresn colour. Reagents used weresg~

20%(w/v) ercinol in 95% agueous ethanoli (This solution

wag prepared daily). |

0.03%(w/v) FeC‘j,z in concentrated HC1lj and

standard RNA solution (50ug/ml) in 0.05M NaDH.,

Aliquots of tbe RNA fraction [105ml; prepared as déscribsd in
12 (a)], 0.0%%(w/v) FeCl, (1.4m1) and 20% orcirol (0.2ml) were pipetted
into a test tube (10ml) and left 1n a vigorously boiling watex bath
for 30min. The selution was then ecolsd under a stream of cold
water and the optical density determined in a Uvichem $.P. 600
spectrophotometer at 665nm. A standard curve in the linesr range

1009 =~ 50up was prepared for every set of determinationa,
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(d) DNA Determination

The method used for DNA determination was that of Burton
(1956 and 196B8), which depends on the reaction betwasn deoxyviboss
and diphenylamine. Reagents used wersie

1.6%(¢/v) squeous acetaldshyde}

diphenylamine reagenti (This was prepared by dissolving

diphenylamine {1.5g) in glucial CH,, CDOH (100ml), ~nd

adding concentrated HZSG4 (1.5m1) to this solution): and

standard DNA solution (100ug/ml) in O.5M HE10,5 (This

was heated at 70°C for 15min before us8e )

To each sample (1ml) of the DA fraction [prepared as
described in 12 (a)] arn aliquot (2ml) of freshly prepared acotaldshyde 3
diphenylemine reagsnt [106% aqueous acstaldehyds (0.1ml) ¢ diphenylaming
raagent (ZUmljlmms added. The solution was then mixed in a test
tube (10ml) and left in & water bath (BUOC) for 18he The optical
densities were then determined in a Uvichem S5.P. 62D spectrophotometer
at 665nme A standard curve in the linsar ranges Oug - 100ug was
prepared for svery sét of determinations.

(8) Prgparation of Glassware for Zinc Determination

Since glass has a high affinity for zinc, all glaséuara used
in zinc analysis was thoroughly washed to sliminate the risk of zinc
contemination. Glassware was <oaked cvernioht in 2 seclution of
Déccn 90 (Decon Laboratories Ltde, Brightun, U.K.), rinsed in distilled
deionised water, and immersed in SM HC1 for 24h, It was then rinsed
four times in-distilled deionised water and dried in an overns During

each experiment control samples ware asnalysed to monitor for zinc
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contamination.

(f) zZinc Determination

Zinc was determined by atomic absorption spectrophoteometry on
an absorption spectrcphotometer (Medel 4033 Perkin=Elmer, Beaconefield,
Usko) eguipped with a "Boling" triple slot burner head which reguired
acetylene as fusl ano air as oxidant, The analysis was psrformed
in a non=luminous flame at & wavelength of 213.8nm, The instrument
was saﬁ to éarn with & solution of UOSM'HCI and standardised against
BolutiQns of 7.69uM (50ug/100ml) and 15,3811 (100ug/100mk) Zntl, in
De3M HC1e The standard zinc sclutions were prepared by diluting a
re?areﬁce solution of certified atomic absorption standard (Fishex
Scientific Co., Naw Jersey, Ue.S.A.) containing 1,538 % 10“3M(10%ug
Zn/100m1) inCiz with 0630 HCLe he sample to bo analysed wase

aspirated through a PTFE tube into the spectrophotometer flams and

the zinc coneentration determined by manusl contrel on the 100 average

scale. (The sample is counted 100 times and the calculated average
appears on an electronic display)e. Samples were read in the rangs
whera absorbance bors a linear relaticnship to concentration. This

occurred up to 18.5uM (12&?9/100ml) for concentrations of zinc,

To eliminate rvoss~contamination of zinc betwsen samples; the
PTFE tubs was washed with 0.,3M HC1 after sach sample aspiratione
The atomic absorption spectrephotometer was also restandardisesn sfter
each batch of ten samples was determined to correct for minor eleétronin
fluctuations,

Zinc determination on biological samples was performed after

dostructien of the oranic material by dry oxidation. The samples,
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together with suitable zsagent contrels, were placed in '"Exelo" C=10
test tubes (lem in diameteri 8cm in height) which wer:c ssaled with
aluminium foil and placed in a stainless steel test tube racke, it
was tiscovered that if samples which had been prepared in 0.25M sucrosae
TJKeMe solution were heated rapidly to & high temperaturse [Q7SOE),
spitting of sucrose solution oceurred causing loss of sample, Thesw
tubes wers tharefore placed in an oven at 210°C for 4h prior Lo *he
éshing ptocess.

liuplicate prostetic tissue-samples (approximately 50mg wei
weight) were also pre=hzated ab 110°C for 4h so that the dry weight
of the sample could be calculated. During this process the sample
lost about 80% of its original weight through evaporation. o
monitor for cantaminatioﬁ zinc was also determined in blank tubss-
and the low value obtained subiracted from the zinc concentration
meaaured in the tubes contalining the prostatic sample. After pra=
heating, samples to be analysed wera transferred tu g mnuffle furnace
and heated at 475°C ovaernight or until only a white ash remained,
The sample was then allowsd to cooly 0,30 HCL (3ml) added, ths tube
stoppered, end the solution shaken for 10s on a vortex mixer, The
0.30M HCYL solution containing the sxtracted zinc was aspirated into
the atomic absorption spectrophotometer for zinc analysis. Samples
were anslysed initially on the 1C average scale to determine whether
tﬁe zinc concentiation was greater than 1.846pM (1203g/100m1), in
which case the sample was diluted with 0.3M HCA and determined finally

on the 100 average scale.



135 Solubilisation of p«Chloromercuribenzoate

Since this thiol group blocking reagent is inscluble at neutral
pHy, the method suggested by Gunsalus and Razzel (1957) was used to
produce a soluble stock solution (1Uw3M}, p==Chloromercuribenzoate
(35.6mg) was dissolved in 0.2M KOH (2.0ml) and diluted to 80ml with
incubation solution. The pH was adjusted to 7.0 with 1.0M HCl, thse
sample transferred to a volumetric flask, wnd diluted to 100ml with

incubation solution.

14e Preparation of S =Androstane=3a ,17 B-~diacetate

J o =androstanediacetate was required for use in.soma expariments.
This steroid was unévailable commsreially, and was produced chemically
in the laboratory by acetylation of 3a =androstanediol. 3 —androstanediol
(100mg), pyridine (0.5ml), and acetic anhydride (00551) ware placed in
a test tube (10ml) and left overnight to acetylate in darkness. After
- acetylation; the sample was extracted and purified on tiain layérs of
alumina (2umg/telec, plate) and detected as describaed in 9 (b)e The
purified 3x ~androstanediacetate fraction from five t.l.c. plates was
pooled and crystallised from an absolute alcohol/water (20:13 v/v)
mixture, The supernatant was discarded and the crystéls dried under
vacuume During this procedure 60% of the initial 3 g~androstanediol

was recovered as 3 ge-androstanediacetate in the final crystals.

15, Dgtermination of Glucose=G-Phosphate Dehydrogenase Activity

Glucouse~b-phosphate dehydrogenase catalyses the conversion of

glucose~6=phosphate to G-phosophogluconate; reducing the coenzyme NADP
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to NADPH in the process, The rate of production Df NADPH thus
provides a measuzemsnt c? glucose—G=phosphate dshydrogenase activity,
The production rate of NADPH at room temparature (QDOC) was measured
by monitoring the increase in absorption at 360nm in a Uvichem S.P.
800 spectrophotometer. 1In the standard assay a sample (2ml) of a
solution containing 2 x 10m3N NADP and C.01M glucowa=6--phosphsata was
placed in a giass spartrophotometar cuvette (2:.5m13 1em ir diameter),
Glucosa=6=phouphate dehydrogenass (0.1ml containing 0.1 unit, where
unit is defined as the enzyme concentration which can convert Jumols
glucosems;phosphate to G6-phosphogluconsts per min in NADP at pH 7.4
at 2500) was added and the cuvettie canténts mixed and placed immediately
in the light path of the spectrophotometer. Ths rate of production
of NADPH was equivalent to thes rate of increase in optical deneity at
360nm, this value being automatlcally treced out on a chart recorder

attached to the spectrophotometer.
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Co FEXPERIMENTAL

Te fDevelopmant of Analytical Matﬁods

(a) Reliability and Practicebility

(i) Reliahility

Without reliable analytical methods, results are of little
valus, Certain criteria of reliability are now gSenerally accephed,
These are spescificity, accuracy, prscision and sensitivity, (Bogkh, 19523
Anastassidis and Ccmmmﬁ, 1968 and Lorraine and Bell, 1966). Thésa
criteria may be deFineq;as follows s

§Eﬁﬁiﬁiﬁiﬁifis the ability to determine a chemical compound
to the exciusion of all others,

Accuracy provides a reference point against which analytical
results can be reliably assessed. In a situation in wbich the true
value cannot be determined, it represents the degree to which a given
result approximates to the most probable or "true" value, For exampleg
accurarcy ity be assessed by a comparison of determinétinns made on thse
material under assay both before and after the addition of known amounts
of the substance under investigation.

Precision is the concurrence of a seriez of msasuremsents of
the same quantity, and is expressed as the standard deviation of a
seriss of replicate determinations. brecision may also be determined
by using the standard deviation calculatsed from the difference between

duplicate results through a series of assays (Snedecor, 1952)o That is,
2

estimate of variance = (standard deviation)® = I where d is the

differsnce bstween two results in a duplicate determination and N
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(which should be greater than 20) is the number of duplicate
determinations, This method is useful becausenit takss into
account the precision cbtained in a number of samples at differeni
leuelé of measursment over a period of time.

Sensitivity is the smallest value which can be accurately
determined. Its numerical value is often taken to be that of the
emallest result whers the fiducial level (at the 95% cdnfidence level)
doss not involve zero. The sensitivity of a given method is also
approximately equal to twice the standard deviation of replicate
determinations provided that the standsi»d deviation is based on at
least twenty such determinations,

(ii) Practicability

In any biochemical study the practicability of the mpthods
used is of utmost importance. Such factors as speed, cost, skill,
availabiliity of equipment and, in this case, of tissue, must be borne
in mind. Ultimately reliebility will be related to practicabiliﬁyo
For example, in the present study the activity of testosterons
5 ¢ =raductase is dstermined after chromatographic separation of
radioactive substrate and prouuct. By identification of purified
radioactive steroids which co~grystallised with cold stéroids (20mg)
 known to have similar Rf values, the method was.?ound to be satisfactorye
However,; to show that the assay was 100% specific, recrystallieation
would have to be carried out for individual incubations in all experima@tSQ
This is not ﬁractical, in a study of this type, and it must be assumed
that since the conditions used were identical to those in the

racrystallisation studies undertaken, thes compounds were purs witer



chromatographic separation in all sampless,

(b) Evaluation of DNA, RNA and Protein Determinations

DNA, RNA and protein were determined by well-established
spectrophotometric methods which depend on the preduaction ef coloursd
compounds by specific chemical ruactiobso These were assumed to be
specific for the compounds under measurement, Ail methods gave a
rsproducible Linear ciandard curve ln the stated rangse, pwvwcision being
determined in the following mannerges

A 10%(w/v) rat prostatic homogenate was prepared in 0025M
sucrose~T.K.M. solution, DNA, RNA and proteiﬁ were dotsrmincd on
O0.5ml and 1.0ml volumes. The remainder of the homogenate was stored
at —20"C for one week and the determinations repeated, Results ave
shown in Table 4. To ensure that the precision of analyses did not
decrease as ths limit of sensitivily wes approachedy no sample containing
559 or lese of DNA, RNA or protein were judged to give results sufficiently
accurate for use in calculations,

(¢) Evaluation of 7inc Determination

Zinc was determined by atomic absorption spectrophotometry,
an extremesly sensitive quantitative technique for the determination of
elements. Analytical samples ,are heated to a hich te:ﬁperatum9 usually
by burning in a flame which breaks up the chemical bonds betwsen the
moleculee - enabling individual atoms to float freely in the sample
area. In this condition the atoms can absorb ultra-violet or visible
radiation of a specific wavelength, This phenomenon is quantitative,
the degree of absorption being proportional to the masé of the element

absorbing at that wavelength.
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TABLE 4.

[T

Evaluation of DNA, RNA and Protein Determinations

Sample DNA * RNA Protein *
waek 1
De5ml | 1.72 £ 3.4 (10) | 2.50 £ 7,47 (10) | 92,03 L 4,32 (7)
1.0mk | 1.83 L 3.8% (10) | 2.72 L 3.5% (9) | 85,75 T 3.1% (10)
+ Iy + +
0.5mL | 1.80 £ 3,29 (10) | 2.64 £ 3.2¢ (10) | 88.03 L 2,0% (10),
1e0ml | 1.86 £ 2,02 (9) | 2.70 £ 3.7% (10) | 89.53 L 4.2% (8)
¥ mean amount per sample (mg psr g wet weight tissue)
s

coefficient of variation

number of determinations




A linear standard curve for zinc at a wavelength of 213.8nm
was found in the range 0=1B,46u% (0-120ug/100n1) (Figure 5 ). since
this curve was reproducible, the spsctrophotometer was set against
two standard zinc solutions, 7.69pM (50ug/100ml} and 15.38uM
(100pg/100ml}, during the standard assay. By means of a computer
unit connected to the spectrophotomster, (Model 4033 PerkineElmst)
the zinc concentration of an unknown sample could b3 elechtronicaily
calculated by comparison with these standards,

The complex organic matter in a biclogical sample may inbef?ara
with trace matal analysis during etomic absorption spectrophotometry.
Some procedurs, such as wel or dry oxidation, must bs developed to
eliminate or reduce this interference (Gorsuch, 1970). During wet
oxidation, the sample is hested, usually to 1DUOm200°C, with a mixture
Q? oxidising agents such as sulphufic acid, nitric acidy nerchloric
acid or hydrogen peroxide; whereas in dry oxidation, which requires
rather higher temperatures, the organic wmaterial is oxidised by geseous
oxygen, usually by heating in air,

The atomic absorption method may be further complicated by a
cumber of posslble sources of errore A high concentration of inorganic
“ions, for example, are known to depress absorption (Dsan and Rains, 1969).
The extent of this phenomenon, termed matrix interference, was svaluated
in the following mannsri=

A standard curve for zinc was determined in both 0.3M HCi and in
0.05M Tris buffer containing 0.15M NaCl, & x ?Oqsﬂ MgCi? and 0,025M KCJ.
The concentration of components in the latter solution was similar to

.or in excess of what wmight ba expsected in the unknoun biological samples.
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Results obtairmed (Figure 5 ) indicate that matrix interference did
not occur at these concentrations of salts and that ebsorbsnce hore
a linear relationship to zinc concentration up to a concentration of
18,5pM zn (120ug/100:%),

In the determination of zinc, sourcas of error include
contamination of the sample by exiranevus zing, luss of zinc by
yolatilisation during the ashing process; and incomplets extraction
of zinc from the tubes after ashing. In order to establish a satisfactory
method for zinc analysis it was necessary to take these factors into
conslideration,

‘The measurement of zinc in prostafic samples was first attempted
by a wet oxidation method, The sample was placed in a %ml pyrex
volumetric flask to which was added concentrated HND3 (1ml) and
concentrated HClOm'(1ml). The flask was transferred to a sand bath
on a hot plate in a fuwme cupboard and maintained at 110°C for Fedh,
"After cooling the sample was diluted te Sml with distilled water and
zinc measured by atomic absopption spectrophotometry. It was found
that this method lsd to incomplete oxidation of prostetic tissue and
unacceptably high levels of zine contemination, In subssquent
experiments, therefore, use was made of dry oxidation téchniqueao

The first mgthod attempted involved ignition of samples in
"Yitreosil" silica crucibles (10ml) (Gallenkampt, London, Y.K.) by
heating overnight at 475°C, The sample was then extracted by additic.
of 0o3M HELl and the final extract made up to a known volume in 0.3M HC1
and analysed for zinc by atomic absorption. This method proved to

be unsatisfactory dus to incomplete extraction of zinc from the crucibles,



FIGURE S,

Standard Nurve for Zinc Determination

A standard curve for zinc was determined in a solution
of either N¢3M HC1 or 0,05M Tris buffer containing

0.15M NaCl, 5 x 10~ MgCl, and 0,0250 KC1s

O in 0.3M HC1
>  in 0,05M Tris buffer containing
0.15M NaCl, 5 x 107°M MgCd,, and

0,025M KCL.
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Figure 5. STANDARD CURVE FOR ZINC
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leading to low recoveries and dscreased precision. For example,
in an experiment in which zinc (239) was added tﬁ sach of 9 crucibles,
the recovered zinc was 1,689 5 9:5%,

The method finally adopted involved dry oxidation of samples
in borosilicate glass tubses and is‘describad in detail in the methods
Section B, 12 (e). it was evaluated in the fellcwing manners~

(a) Toc monitor contaminmatior, 10 blahk tubes wers washed and
any zinc pfesant gxtracted with 0,30 HCL and zinc assayed uy atomilc
absorption spectrophotometry.

(b) To assess accuracy, ZnC1, (Snecpure) was dissolved in
distilled deionised water at a concentra£inn of 1pg/100mL (zn Solution A),
Samples (0.1ml) were pipetted into 10 tubes and assayed for zinc,
Contrnl samples (C.iml) of distilled deionised water were plpetted
into 5 blank tubes and assaysd in the same manner. The results shown
in Table 5 were corrected for these controls,

(c) Determinations on 10 x 1wl aliquots of 0.25M sucrose-T.K.M.
solution were carried out to monitor zinc contamination.

(d) To establish whather 0.25M sucrose=T.K.M. solution interferved
with the accuracy of the zinc determination, aliguots (1ml) of this
solution and aliquots (0.1ml containing 1pgZn) of 7n Smiution A usre
‘added to sach of 10 tubes. Zinc analysis was then carried out and
recults ware corrected in the light of the results from the control
experiment (1:) above,.

(e) To assess precision, one 20%(w/v) human prostatic homogenate
was prapared in 0.25M sucrosesT .M. solution and diluﬁed 1 in 6 with

this same solutione To ensure the concentration of zinc fell bhelow
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TABLE_E.

Validation of Method for Oztermining Zics

Sample

Amount of Zino Fount

b

a)

b)

PY

Blank tubes
19 Znﬂlz

iml 0o25M sucrose~T.K.M,
solutior

iHg ZnCl, in iml

sucrose-T K. M. solution

Meek 1
tm)l prostetic homogenate

0,5ml prostatic homogensiae

Yeek 2
1ml prostatic homogenata

0o.85ml preostatic homogenate

119 ZnCi2 in Dc5ml

prostatic homogenats

0,024

1,020

0.035

0,983

1.844

0.898

10721

0.840

1040

i+

4 it

e+

6.3%
60%

5%
3.9%

3o.4%

*  mean amount per sawple (pg)

e

= coefficient of variation.

Eech sample was analysed ten times.
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100pg/100nk, zinc was determined in samples {10 x 1ml and 10 x 0.5ml)
of this homogenate solutieon. Control samples (5 x 1ml and § % 0.5ml)
of 0.25M sucrose=T.K.M. solution were also determined, and the rasults
presented have been covrected for thess controls, The homogenate
solution wes then sterad for one wesk at =20°C and the esxpariment
repeated,

(f) To sstablish whethor prostatic homogenate interfered with
the accuracy of the zinc deteiminaticn, samples {1ml) of this homugenate
plus samples (Oe.iml containing 1pg Zn) of Zn Solution A were pipetted
into each nf 10 tubss. which were assayed for zince Results (Takle 5 )
were corrected for prustatic.homogenata zino concentration and indicate

that (a) the precision and accuracy of the method was scceptable at

the required level of senaitivityg (b) zinc contamination was .

negligibles (¢) the sucrose~T.K.M. solution did not “mask" or
interfere with the determinationg and (d) volatilisation of zinc
did not ocour to any eppreciable extent. Since zinc chloride is the

most volatils zinc salt, with a melting point of 210°C and a vapour
pressure of imm Hg at 420°¢ (Corsuch, 19780), this lack of volatilisation
suggests that either zing chloride was converted to a less volatile
compound, such as zinc oxide, or that volatilisation was prevented by
the degres of pressure maintained within the muffle furnacs during
ashing.

(¢} Radiochemical Assay for the Determination of & ¢ereductass
Activity

The low physioclegical substrate concantrstions at which steroid

metabolising enzymes operate may give rise to experimental difficuliles.
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The availability, within the last decade, of labelled steroid
substrates of high specific activity has made it possiLle to assess
the activity of these enzymes. Howsver, when radioactive stercid
metabglites are identified consideration nwst be givaen to the large
number and lou concentration of closely related compounds which may

be present (Brooks et _al., 1970} . 1In order to uée radiochemical
determination to sssess the activity of testosterore Hg =iwductosa

it was felt important to show that the radivactivity of the label was
due to a single chemical antityo Since the nrimary intersst of |
this study was the activity of the 5C mrQQUctasa and net the
identification of all 3Hmtastostar0ns metabolites, only two of these,
3Hmdihydrotastnsterona and 3Hm3a —androstansdiol wers considersd,

In order to dstermine whether any other major pathway of testosterone
matabolism was involved the amount of 3Hwtast09terune disappearing was
compared with the amount of 3Hmdihydr0testostarona plus 3Hm3 t=androstanediocl
formed, .

Twe methods were used to purify steroids present in incubation
axtracts, Methiod A involved two chromatographic separation steps of
GHmtestnsteronB and 3Hmdihydrotestostaroneg one on paper and the other
on silica and was used initially, When it beceme necsessary to monitor
for other suspected products, method B, which involved ssparation of
acetylated derivatives, was develupsd and used in all subsequent
exberimantse Hence this method was subjccted to tlie more rigorous
evaluation.

(1) Radioactive Counting Efficiency

It is important in the counting of radiochemical samples
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to daterminé whether the efficisncy mF'counting remains constant,
Variation in counting efficiency bstween sampiss may k7 caused by
either chemical or ecolour quenching and leads to artifactual results.
The automatic external standard (A.E.S5.) ratio as detsrmined on the
Packard Tri-Carb liquid scintillation spectrométer (Model 3380) is

a measure of the degree of gusnch, Whers no gquenching occurs,

the A.L.S5. ratio is 1.00003 with infinite guenching the AE.S.

ratio is 0,0000,

In all samples counted the AE.S5., ratio ranged from 0.8100 to
09100, Using a quench curve, on which the dsgree of quench is
plotted against the efficiency of radioaétive counting of a range of
varying quenched standards, these A.E.S. values corresponded to a
counting efficiency in the range 33% « 35% for tritium and 42% = 45%
for carbon=%4, within a given experiment the range of the A.E.S.
ratic was congiderably smaller. For example, in an experiment in
which n = 34, the coefficient of variation for the AL£.5. ratio was
1014%., In all samples counted,; therefore, quenchina was minimal,
with littles variation betwesen samples.

(ii) Specifigity

Definitive evidencs for the purity of radicactive steroid
metabolites was provided by recrystallisstion studies on purified
steroids from incubation extractc, Purity of sztastosterone,
sﬁmdihydrotestosterona and their acetates was monitered in rslation
to 140 steroids of known purity, while that of 3Hw3a —androstanedizcetate

was monitored in relation to cold 3o =androstanadiacetate, This

latter sternid was unavailahle commercially in the carbon=14 labelled forms
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To evaluate the specificitylwf method A, recrystallisation
studies were periormad as followsse

Metabolites formed after incubations of 3H-testosternna
with rat prostatic nuslei were purified by papsr and thin layer
chromatography. 14CuTestostaruna, 1%Cadihydfotastostarona,
testosterons (20mg) and dihydrotestosterone (20mg) were added to
fractions designated %“estosterone and dihydrbtastostarune respactively
according to their chromatographic mobilitieso The solvent systams
usad for recrystallisation are presented, with results, in Table 6.

To evaluate the specificity of method B, metaboliteg formed
after incubations of SHmtestostarone with rat prostatic homogenates
wers purified by derivative formation and t.l.c. on aluminae
14CmTastosteane anetate, 14€mdihydrotestasterone acetate, testosterons
acetate (20mg), dihydrotestosterone acetate (20mg) and 3 o-androstanediacetate
(20mg) were added to fractions designated testosterone acetats,
dihydrotestosterone acetate and 3 g-androstanediacetate respectively
according to their chromatographic mobilities, The solvent systaems
used for recrystallisations are presented, with results, in Table 7.

Axelrod et _al. (1956) have carried out a mathemafical analysis
of the errors involved in recrystallisation studies, They calculate
that three successive crystallisations which yield veluss for specific
activity (equivalent to isotopic ratio) within s 5% of the average of
these three wvalues is Jefinitive proof of purity. Applying this
reasoning to the results in Tables 6 and 7,. it can be seen that the

steroids are essentially pure after chromatographic separation by both

methods A and B.
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TABLE 6,

Recrystallisation Stucdy —~ Method A.

T
dH/MCmTastosternna

3,14 .
4/1’Cmﬁlhydrostestoaternnm

Mother fiother
Crystals Liquor Crystals l.iquor
Before '
crystallisaticn 3098 o 1007 e
1. Acetone/hexane _
5:1(v/v) 4,02 3.99 104 1,08
2 Acetone/hexane
521(V/U) 380 4,01 1006 1,08
3. Acetone/hexane
5:1(v/v) 3,99 4,00 1,07 1,08




JABLE

2o
ot

Recrystallisation Study - fMathod Bo

4 4
3H//“Cw SH/14CM ¥ 8he Tae
Testosterone Dihydrotestosterone | Androstanediacetate
Acatate Acetate
Mother Mother Mother
Crystals LlLiquor Crystals Liguor Crystals Liguor
Before
crystallisation 757 - 0.94 = 2325 =
1« Ethanol/
water .
2081(v/v} 739 783 0,90 101 2212 2326
2e Methanol/
water
20:1(v/v) Te43 775 0.92 0,99 2451 2544
3. Acetone/
watex
2021(v/v) Te74 7,67 0,90 0.88 2318 2428
4, Hexane 7650 7643 0,90 0,50 2232 2522

* Se.A. Specific Activity {(cpm/mg)}
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 (i11) Precision
The overall precision of the assay system was dstermined
by use of the Snedecor equation for the calculation of standard
deviation (sD). Purification of wmetabolites after SHmtestastermna
incubatiecn with rat prostatic homogsnatss Jy math@d A resulted in a
SD of 6,09 (n = 22) tox SHmtmstmsterone and 8.1 (n = 23) for
zﬂmdihydrotastoateronea Purification of matabolitas‘a?tar
3Hmtastostar0ﬁa incubation with human pfogtatic homogenate by method
B resulted in a 3D of 6.96 (n = 29) for Setestosterons and 6651
{n = 25) Tor SHmdihydrotestostersnao In experiments with human
prostafic homogenates thara was only very small converasion to
3 ag—androstanediol,. In incubations of human prostetic cytosol
with 3Hmdihydratestostarona9 howaver, 3 a~androstanediol was formed
and upon purification a SD of 7.01 (n = 22) was obtained.
(iv) Accuracy
(a) Methed A
The accuracy of analysis of radivactive steroid metabolites
by method A was determined by addition of szteatosterons and
szdihydrotestostavone to incubation solutions (1ml) at tha
concentration expected at the end of a rat prostatic nuclear incubation.
The samples were purifiled aﬁd analyssd. by method A and the results are
shown in Table 8.
(b) Hethod B
The accuracy of analysis of radiocactive stercid metabolitas

by method B was more rigorously determined. Human prostatic homogenates

were dilupad with incubation solution to a concentration of 100pg protein
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TABLE 8.,

Fvaluation of Accuracy = Method A

Sample Testosterone® Dihydrotestosteroned
3H Theoretical 65418 11809
SH calculated 62625 11774
After Method A 63511 11591

* Valuss expresssd as CePoMo
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TABLE 3.

Fvaluation of Accuracy - Method B

ng N Steroid 3.
g v ng “H Stercid After Analysis by Method B
Added to
Incubation Tube Testosterons Dihydrotestosternne 3 aq=Androstanedciol
2,000 16972 2:174 2,105
2,014 1934 10940
1,000 0975 1,070 0,936
0,964 14050 16034
0,500 0,483 0.489 0,524
06479 0,488 0,507
0,250 0.247 0.250 0256
0,230 06241 " 0,249
0,100 0.099 0.095 0.112
0,094 D.088 0,102
(0,050 0.052 0,049 0,083
0,045 0.046 0,068
0,010 0,010 0,010 0,018
' 0,009 S 0,023
Q.,009,
0,000 1.000 0,000 0,000
0.000 | 0,060 0,000
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in a total volume of 1ml; and placed iﬁ incubation tubss in crushed
ice, These tuues already contained known amounts of 3Hmtestosterone,
3Hmdihydrntestclsterune and 3H-w3 a~androstanedicl in a ranéa similar to
that which wnight be expected after incubation with 5H”t98t03t8r0ﬂ80
The samples were purified and analysed Ly method § and ﬁhe results are
shown in Table 9.

| The accurazy of tna gelecs determination,; which was used
in metnod B to determine recoveriss of 3 G~ancreostanediol, was assessed
by analysis of known concentrations of 3 g-—androstanediacstate.
Results for a range of Jy -androstanediccetate concentrations similazr
to those which might be expected in assessment of procedural losses
of 3 c—androstanediol in hethod 8 are shown in Figure 6. These
indicate that 3 a—androstanediacetate concentrations measured uwers
similar to the theorstical roncentrations,

It may be assqmed; therefore, that both methods A and B

were adequately accurate for the analysis of steroid metabolites

present in incubation extracts.

2 Addition of Cofactors to Incubations

Human hyperplnstic prostatic testosterons 5 x=reductase,
liks similar enzymes present in many other androgen dependent
tissues (King and Mainwaring, 1974) has a cofactor requirement for
NADPH. (Farnsworth and drown, 1963). Since the ahility to produce
sufficient NADPH is diminished during cell-fres incubations, it is
imprrative, in a study in which the only limiting Factgr should be

enzyme activity, that NADPH should be artificially maintained at



FIGURE 6.

Accuracy of a.l.c. Determipation for

S a~Androstang~3 g » 174 mDia‘cetate

The accuracy of the g.lec. determination, which
was used in method B to determine recoveries of
3 gandrostanediol, was assessed by analysis of

known concentrations of 3o —androstanediacetate,
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Figure 6. ACCURACY OF g.lc. DETERMINATION.
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saturation level, This may be dons by adding to the 5o ~reductase
incubation NADP, glucose=G=phosphate dehydrogenasc or some other
gnzyme known to reduce NADP tao NADPH; and a suitable substrate,

This system has the advantage of reproducing in vitro the probable
situation in vivo where oxidised NADPH may be continually reduced,

A generating system based on glucose=G-phusphate dehydrogenase
has been used both in the study of rat prostatic 5« =reductase
(Bruchovsky and Wilson, 1968)Aand the 5 aereductase of human
prostatic nuclei (Grant st al., 197f)o Attempts to utilise such
a system in the present study raised the possibility thét fzctors
modifying the § a-reductase activity may do so as an effect secondary
to the pricary effect on the glu00$9=6wphosphéte dehydrogenase
activity. Slnce divalent cations are known to modify the activities
of many enzymes, it was important to determine whether the divalent
cations with which ﬁart of this stﬁdy is concerned modified ths
production of NADPH within this ganaréting systefia

Results for zinc inhibition, shown in a double reciprocal
plot in Figurs 7 indicate that zinc, at a low concentration,
inhibits glucose-G=phosphate dehydrogenase in a non=competitive
manner with respect to NADPH concentration, (A full outline of
the double reciprocal method used to analyse the type of inhibition
exerted by an enzyms inhibitor is given in Section 4, d.) .Further
studies indicated that a range of divalent cations inhibit the enzyme
activity in the fellowing order of effectivenessgw |

ng+ - 0u2""j,>~[:d2+> Zn?'+>> mﬂ2+

To avold modification of the § a~reductass activity by sscondary



FIGURE 7.

Double--Reciprocal Plot of Inhibiticn of

Glucose=06=Phosphate Dehydroganase by Zingc

{ow concontratioﬁs of‘Zinc vere added to incubations
of glucose=bH=phogphate and NADPH with 0luCO8Em=Ee
phosphate dehydrogenase (G~6-~P.0H}. GeGP o DH
activity was monitored by wmeasurament of the rate af

NADPH formatione

Control +1 0“31"1 Zntl
2
and]
[J Control +107°M zncl,
nf‘
A Control +107M znC1,

Q Control
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effects on glucouse~6=phosphate dehydrogenase, the generating system
was omitted fromn incubations, In its place NADPH was added at
saturation level (2 x 10"4N) and any -possible enzymatic degradation
prevented Ly addition of nicetinamide (0.04M) (Handlér and Klein,

1942),

36 Chemicnl Composition of Nucleay Fraction

The cytological homogeneity9 subsequently loosely referred to
és the purity of the nuclear fraction isolated Ffom human hypsrplastic
prostatic tissus, was determined by comparison of its chemical
composition with the sams fraction isplated from rat prostatic
tissue, A comparison (Table 10) was also made with published
values obtained from guinea pig liver nuclear fraction (Maggio et ale,
1963),

An explanation is required for the extremely low. DNA content
of human prostatic samplee when this is exprassed as mg/g wet weight
equivalent of Tiltered homogenats. ‘In the preparation of homogenate
fractions ?romlhuman prostatic tissuc a largs amount of material was
held back, probably due to the presence of a high proportion of
homogenisation resistent siromal and connective tissue. Therefors,
although for guinea pig liver and rat prostatic tissue fractions the
DNA content expressed es mg/g wet weight equivalent of filtered
homogenate was approxinately the same as mg DNA/g wet weighi of
tissue (after correction for nuclear recovery) this wes not the
easa for human tissue,

rhe purity of the nuclear fraction isolated from rat prostatic

tissue compared very Favourably with that from guinea pig liver
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TABLE_10,

Chemical Composition of Nuclear Fractlon

] -
Rat ~ Human fEuinea Pig
Prostate Prostate Liver

No. of Experiments 3 3 7
% Recovery * 44 1403 25
DNA mg/g : 0e539 0,092 0.468 -
% pnat 37.9 7.7 22.3
RNA mg/g 0,102 0,033 0,100
% RNA Y 762 2.76 447
Protein mg/g 0.78 1,069 1622
% proteinT 55 89,5 7306

I
DNA/RNA G627 2.8 bo7

T ~ Maggio et al. (1963)
% % Recovery = % of homogenate DNA recovered in nuclear fraction

mg/q = ma/g wet waight squivalent of fiitered homogenate -
sea taext

+\whera DNA 4 RNA + Protein = 100%




tissum in tﬁat it contained less protein and a higher DNA/RﬁA
ratio. The DNA/RNA retio is a useful index of nucleaxr purity
since, within limits, the proportion of RNA in the nuclear fraction
will correenond to cytoplasmic contaminatiom, the bnlk of the
cellular RNA being present in the cytoplasm.

Nuclear Ffactimn isolated from huwan hyperplastic prostatic
tissue had a iouer yfeld, less DMA, and considerably more protein
than rat érostatic nuclear fraction. The DNA/ENA ratio uas
lower, indicating that cytoplasmic contamination was greater,
Examination under the light mirroscope indicated that the nuclear
fraction propared from rat prostatic tissuve contained nuclei with
little cytoeplasmic contaﬁination and few cytoplasmic attachments,

The corresponding fractian prepared from human tissue contained
clumps of nonenuclear material and occasional cytoplasmic attachments,

In initial expasriments this non-nuclear material predominateds
filtration of the homugenste prior to subeellular fractionation
improved the situation. Attempts to isolate a purer nuclaéf
fraction from human hyperplastic prostatic tissue by centrifugation
ﬁhrough 2.3M and 2.2M sucrose resulted in even lower recoveries,

The results cbtained highligﬁt the problems involved in the

“igolation of nuclei from human hyperplastic prostatic tissue.

4o Testnsterone Reduction by Human Prostate

(a) Effect of Freezing on 5 o-Reductase Activity

The irregular supply of human prostate glands, particularly

during summer months, made the planning of experiments extremely
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difficulte. Te overcome tﬁis practicél problem; a method was
devsloped to siere tissus without altering 5 g~reductass activity,
Freezing of biological samples has become @ viable
propasition in man? branches of biochemisztry. I+ts successful
use in the scorage of mammalian sperm was first outlimed by
‘Polge gt _al. (1949) and hes greatly aided the technique of
artificial insemination. Many authors have suggested that egeants
such as dimethylsulphoxide and glycevol greatly reduce tissue
damage during froezing (Meryman; 1966). Lasnitzki (1985),
howsver, has shown that Ebrlich ascites tumour cell suspensions
will survive unprotected freezing at ~79°¢C sufficiently well to
produce takas in transplantation. Freezing injury in rapidly
cooled cells may be decrsased by quick thawing f{Mazur gg_ggog 1970).
In the developmsnt of a method for storage of human
pfostatic tissus, farctors such as those outlined above wsre taken
into consideration. - Two freezing methods were investigated.
Method A involved freezing small squares (O.5em x 0.5cm) of fresh
prostatic tissue by placing them in a glass tube and immersing in
a mixture of solid CGZ/acetone. Subsequent storags was carried
out at =20°C, In method B tissue squareswere immersed directly
into liquid nitrogen (=196°C) and stored at =70°C.  Method B is
described in full in the methods sectinn By 5 {c).
- Expesriments were performed to cvaluate tie effect of
freezing, storing ard thawing on S5¢ ~reductase activity. Fresh
arostatic tissue was cut into smell squares(0.Scm x O.5cm) which

were thoxdughly mixed prior to freezing and storags by methods A and B,
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in both matﬁods samples (1g) were thawend and homogenised prior to

and at different periods after freszinge. The tissue was homogenised
in D.25M sucrose=T.K.M, solution (10ml). fleductasse activity was
Adetermined in these homogenates and the results are shown in

Tabls 11.

Mathod A resulted in a 55%:1053 of § g-zeductase
activity during freczing and 2 srbeeguent 50% reduction after
storage at ~20°C for 16 dayse Method B resulted in no loss of
5 a=~peductase activity during freezing but an approximate reduction
of 30% occurxed after the first few davs of storage at m?Gocy
followad by & much mors gradual deciine until day 30, after which
the activity remained coﬁstant. Method B was, therefors, used in
subséquant expariménts.

It jis possible ihat slight improvements in Methad B
could have resulted from the use of protective agents such as
dimethylsulphoxide. .Such a procedure, howsver, introducee new
parameters which might modify 5 a~reductase activity, and it was
therefore felt that the complications involved would outweigh the

improvements gained.

(b) Subrcllular Distribution of 5 g~=Recductase Activity

Human prostatic tissue was mineced and homogenised, and
subcellular fractions isolatsd, Protein and S q~reductase activity
were detsrmined, in duplicate, on the homogenate, nuclear, mitochondrial
and cytosol fract;ons. To provide an indication of nuclear
racovery DNA was also analysed; in duplicate, on both the nuclear

and homogenate fractions. On the assumption that all the cslluler
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JABLE 1.

Effect of Freoezing on the 5 a-Reductase Agtivity

of Human Prostatic Hemogenates

Treatment Mathod A ' Method B

SehA. % S.Ae % i
Before Freezing 5042 100 15043 100
After Freezing 2.45 4542 16,59 101
After 2 days - - 1079 70
After 4 daye - - 11,64 75
After 8 days - o 11448 75
After 16 days 1443 2644 10,27 67
After 32 days - - 9,26 GO
Aftar 64 days - - 9,2% 60
Sehe =

Specific Activity = pmoi/h per mg protein.

if

Percentage of 5 g—reductasce activity in
samples before freezing.

o %
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DNA is located in the nucleus, the percentage of homogsnate DNA in
the nuclear fraction should be approximately aguivalen; to the
nuclear recovery. Mitochondrial DNA, which represents a very
small proportion of csellular DNA, was ignorsﬂ in tihlis calculation.
(Goodesnough end Levine, 1970), \

The standard 5o =reductase assay was performed with the
addition of dithiothreitol (5 x 1Dm4N) and ERTA (5 « TUmSN)o 1nesa
reagents were present to counteract any divelent cation inhibition
so that the maxilmum 5o ~reductase activity shculd be measured,
The experiment was carried out thres times; once with frssh and
twice with frozen tisaua; Regults are shown in Table 12 and
Figure 8. A

In order to réduce tha errors intfoducad;by defective
racoveries of cellular constitusnis, tha_results rapreseried in
Table 12 were racaiculatad on the basis of a 100% overall rscovery.
.In Figure B8 the reletive specific activity (percentage of homegenate
activity in a specific fraction/percentage of homogenate protein in
that fraction) ie plotted against the percentage protein in the
fraction. The area of sach block is nroportionmal to the percentage
of the total activity rccovered in the corresponding frection, and
its heightproportional to the degres of purification achieved over
the homogsnate, This method ot reprecentastion was first suggested
by deDuve (1955).

| Further purification of the nuclear and microsomal

fractions (those containing the kulk of the Sa =reductase activity)

wars carried out in the following manner, The GO0 g'(rav i7em)

o
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TABLE. 12

Relative
Specific,
Fraction 5 & wReductass Protein Activity
Total Activity in
Filtered Homonenate 1502 pmol/h 165 mg
600 g Pellet
Suspension®™ (Nuclear) 47,7 3147 105
9,000 g Pellet
Suspansion
(Mitochondrial) 134 4.3 2.7
105,000 g Pellet
Suspen=ion {Microsomal) 2602 10,8 2.3
105,000 g Supernatant
(Cytosol) 1,9 45 0,05
Total % Rocovery in
Subcellular Fractions BU,.2 91.8 -

Results expressed as % of homogenate activity unless otheruwise stated,
Results ere the average of thrse experiments.

# « corrected for DA recovery (on average 70% of homogenate DNA was

recovered in the 600 g poellet).

f = relative gpecific activity = % of ths homogenate activity in 2
specific fraction/¥ of homogenate protein in that fraction.




FIGURE 8.

Subcellular Distribution of 5 ¢ -Reductase

Results presented.are recalculated from Table 12
on the basié of a 100% cverall recoverys
Relative Specific Aetivity:~ percentags Q?
homogenate activity in a specific fraction/

paercentage of homogenate protein in that fraction.
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TABLE 130

Activity of the Ba ~Reductase in

Nuclear and Microsomal Fractions after Further Purification

Nuclear Fraction

GO0 g
Pellet Suspensinn
Specific % DNA
Activity Recovery
1404 70
13,02 65

96,000 g
pellet SuspBnsion
Speciric % DNA
Activity Recaovery
27 15
16.26 13

Purification
Factor

1087
1e24

Microsomal Fraction

105,000 q
Pellet Suspension

105,000 g Wash
Pellst Suspension

13.2
22,0

2266
26.0

Purification
Factor

1472
118

« % DNA recovery == % of homogenate DNA present in nuclear

fractione

~ Specific Activity = pmol/h per mg protein.

« Purification Factor = Specific Activity in fraction after

furcther purification/specific activity prior to'further purification.
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nucleaxr peliet suspension was centrifuged through a layar of 2,00
sucroses=T.K.f, colution at 96,000 Ep(rava 3.692cm) fTor 2h, The
microsomal psllet was resuspended 1in 0,250 sucrose=T.K.M. solution
~and re-centrifuged at 105,000 g (ravo 2.55%cm) for 30min. Results
are shown in Table 13, The purification factor, shown in this
table, is defined as the figure obtained by dividing the specitic
enzyme activity in a fracticn after further purification b; the
specific enzyme activity prior to further purification. This
factor allows comparison of results from different experiments.
Further purification of both the nucleav and microsomal fractions
resulted in an increase in the specific enzyme activity.

Iin subsequent.experiments further purification of the
nuclear and microsﬁmal fractions was performed prior to analysis

of 5 g=~reductase activitye

(c) Coactor Reguirement for Reduction

A study was performed to asséss the cofactor requirement
of human prostatic 5 g«~reductase undgr the present expssimental
cnnditions. The standard 5 a-reductase assay was used with the
addition of dithiothreitol (5 x 10“4M) and EDTA (5 x 1OMSM). The
gffects of increasing the concentrationof NADPH and NADH on
testasterone reduction by nuclear and microsumal fractions ars
illustralzd in Figure 9 and results for the homogenate fraction
ars illustrated in Figurs 10. In all three cases reduction of
testosterons was complsetely debendent on NADPHg NADH was incapable

of =upplying the reducing squivalents, In nuclesar and microsomal



FIGURES 9 AND 10.

Addition of Cofactors to Nuclear,

Microsomal and Homogenate Framtion 5 ¢ --Reductese Incubations

Cellular fractions were assayed for 5 a-reductass activity
in the presence of increasing concentrations of NADPH and

NADit.

O NADPH (supplied by NADPH gemerating system)..
£ NADPH (direct addition).

A NADH (direct addition).
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Figure 9.

ADDITION OF COFACTORS TO NUCLEAR 5&-REDUCTASE
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Figure 10.

ADDITION OF COFACTORS TO HOMOGENATE
INCUBATION S
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incubations, NADPH was supplied either by a gensrating system, in
which NADP is continually rsduced to NADPH by glucose-6-phosphate
dehydrogenass, or by direct addition, When a generating system
was used reduction proceeded at a slightly higher rmate, probably
bacause a relatively higher concentration of NADPH is maintained
by continued regeneration of ths NADP produced during testosterons
reduction. In all thres fractions NADPH limits weduction i Lt
is present in concentrations lowsr than 5 x 10“5M, The initial
hypothesis that in the standard 5a <reductase assay a concentratién
of 2 % 10mém NADPH should not limit reduction was therefore proved
correct,

After all ircubations the sum of SHmtestnsterone and
3deihydrotestoste¥cne accounted for over 95% of all the radiocactivity.
No significant production of 3« mandraétanedial was detectsd,

(d) Time Courss of Reduction and the Efrect of Trypsin
Tnhibitor.

Incubations of nuclear, microsomal and homogenates fractionsg
with 3Hmtestosteronegdithimthreitcl (5 x 10“4m) and EDTA (5 x 1DQSN)
were performed for varying time periods w;th and without soya bean
trypsin inhibitor (0.02%; w/v). Results for nurlear and microsomal
incubation are shown in Figure 11 and for homogenate incubation in
Figura 12, In all experiments SHmteatDstercna and 3deihydrotsstosterone
aécounted for over 95% of the radiocactivity present at the end of the
incubatiqﬁo No 3H---3a androstanediol was destected.

In 8ll three fractions the 5a ~reductase ectivity increased

linearly with time for 40min when a decrease occurred, - The enzyms

-



FIGURES 11 AND 12.

Time Course of Nuglear, Microsomcl and Homogenate

Fraction 5 q=Reductase,.

Incubations were performed fTor different time periods in

the presence and absence nf 0.02% trypsin inhibitor.

3Hwtestosterona control,
E4 3H-tastosterqne + 0,02% trypsin inhibitor.
O 3H—dihydratestosterone control.

O 3Hmdihydrotastosterone+ 0.02% trypsin
inhibitor. .



pmol/mg PROTEIN

pmol/mg PROTEIN

40

97.

Figure 11.

TIME COURSE - NUCLEAR 5a-REDUCTASE )
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TIME (ming)

TIME COURSE . MICROSOMAL 5a-REDUCTASE
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Figure 12. TIME COURSE - HOMOGENATE
5G< - REDUCT ASE.

p mel/ mg PROTEIN
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was totally ipactive after 80min, It was found that addition
of extra NADPH (2 x 1Dm4m) to a microsomal incubation after BOmin
did not stimulate reductione These results provide evidence
that in the standard 5o -reductase assay, which was carried auk
for 20ming velocitiss similar to initial reaction velocities uare
being measured, The inclusion of trypsin inhibitor in

incubations did not alter the rate of testosterone reductlon.

(e) Effect of Divalent Cations

(i) Effect of a Range of Divalent Cabtions on
5a =Reductase Activitys

The_Sa-wraductase agtivity of rat prostatic nuclear
fraction is sensitive to a range of divalent cations (Frederiksen
and Wilson, 1971), Modification of human prostetic nuclear
fraction 5o ~reductase activity by ziné has also besn raported
(Grant et _al., 1971)- An investigation was carried out on the
effect of a rangs of divalent cations on 5a —reductase activity
from both nuclear and microsomal fractions isclated from human
hyperplastic prostatic tissue: TH@ standard 5 ~reductase assay
was carried out without the addition of dithiothreitol (5 x 10"4N)
or EDTA (5 x 1Dn5M) since these agents may interfere with certain
divalent cation effects,

To allow direct cumparisons between the effects of
diF?erent cations, all incubations were pseformed simultansously.
To provide sufficient nuclear fraction for the large number of

incubations involved, pooled nuclear fractions from two isolatibns

were nNecessary, A single microsomal isolation, however, provided
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- ample microsomal fraction for the experiment,

Results for nuclear and microsowal fractions are
shown in Figures 13 and 14 respeciively. In a.l incubations
SHntestosterons and 3deihydrotastosterone accounted for 95% of
the radivactivity, No 3HmS a=—androstansdiol was detscted,

Tha results wera similar for both fractions in that 5o —reduction
was inhibited by low concentrations (approximately 10“5M) of
divalent cations in the following order of affectivenessi~

cut ng+ > 702t = Cd2+:§>-Mn2+r

(ii) Effect of Zinc on Testosterone Reduction by
Nuclear fraction Isolated From Human and Rat
- Prostatic Tissus

In the preﬁious expefiment, although zinc caused a
marked inhibition of 5o ~reductase activity above a concentration
of 10m5M, no stimulation was observed at lowsr concentrations. Cnic
of the initial objectives of this study was to confirm that the
b 0 =reductase activity of human prostatic nueclesar fraction was
stimulated by zinc at a concentration of 5 x 1Um4N as shown by
Grant st _al. (1971). The experiment in which zinc was added to
nuclsar fraction 5 g=reductase incubations was therefore repeatad,
Similar experiments using rat prostatic nuclear ftraction were also
performed,

The resultsy; shown in Figure 1%, confirm that zinc
inhibits 5 g=reductase asctivity at concentrations above 1Dm6Ng while
no stimulation of activity was observed at lower lavels, Testosterone
§5 ae-reductase was slightly more sanzitive to zinc in rat than in

human prostatic nuclear fraction. The activity of nuclear



FIGURE 13,

Effect of Divalent Cations on Nuclear Fraction

So_=Reductase Activity

Incuhations were performed in the pressnce of diffsrent
concentrations of a range of divalent cationse Two
nuclear igoletions were pooled to provide sufficient

nuclear fraction for the experiment,

o m’t
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FIGLURE 14,

C—

Effcct of Divalent Cations sn Microsomal Fraction

5 g=Reductase Activity

Incubations were performed in the pressnce of different

concentrations of & range of divalent cations,

o
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FIGURE 150

Effect of Added 7inec on 5 o =Reductase Activity

Incubations of nuclear fraction isolated from human
hyperplastic and rat prostatic tissue were performed

with different concentrations of zinc.
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Figure 15. EFFECT OF ADDED ZINC ON

10

Bo-REDUCTASE ACTIVITY.

HUMAN PROSTATIC NUCLEAR FRACTION.

! : L ! |

RAT PROSTATIC NUCLEAR FRACTION.

e

| I |

167 10" © 102 104
ZINC CONCENTRATION (M),
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5 a=reductass in rat prostatic tissue, hcuever, was considerably
lowsr, measured on @ orciein basis, than that in human prostatic

tissus,

(iii) effect of Zinc nn S g-Reductase Activity of
Nuclear Fractions Yaskhad with Triton X100

Comparison of the methods tised in the present study
and in the Study carried out by Grant et al. (91971) revealad the
difference that in the latter, but not the former, Triton A-100
had bssn used to wash nuclei, Since this differencc may explain
the inability, in previous expuriments, to detect a stimulation of
5 a~reductase activity in the presencé of 5 x 157M zinec, the
experiment was repeated using Triton X-100 washed buclei,

A nuclear fraction was isolated from fresh human
hyperplastic prostatic tissue and divided into three equal batches.
Two of these batches wers washed by éuspension in 0.25M sucrose=T.K.M,
Triton X=100 solutions coutaining Triton X=100 at a concentration of
either 0.1%(w/v) or 0.001%(w/v). . The suspension was centrifugsd
at 600 é-(rauo 17cm) for 10min-. The pellet was then rewashed
with 0.250 sucrose=T,K.M. solution to remove traces of detergent.

Incubations of all three fractions (unwashed 0,1%(w/v)
Triton X=100 washed and 0.001%(w/v) Triton X~100 washed) uwere
performed by the standard procedure with and without & x 10“7N zine,
The experiment was repeated with a nuclear Fraction from a different
batch of prostatic tissue,

Resulté obtained are shown in Table 14, To allow
comparison of results betwesn the two experiments, Sa -reductase
activity is represented as the percentage of the a:tivity present in

the unwashad control to which no zinc had been addad,
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TABLE 14.

e

Fffect of Zinc on Nuclear Fraction

50 ~Reductase Activity after Washing with Triton X-100

0.1% 0.001%

Sample Control Triton Triton
No Zinc ' 100 54,8 92,6
100 56.9 91.8
+ 5 x 107M zine 102 54,7 96,8
‘ 104 55,0 93,2

Results are expressed as % of the 5o =~reductase activity

present in the unwashed nuclei,
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5. Nature of Divalent Cation Inhibition of So ~Reductase
Agtivity

(a) Addition of Thiol Blockirg Reagents anu Thiol Groups
There are many chemical compounds capabla‘of forming a

covalent complex with thiol groupss In dertain instances these
reagents cause inhibition of enzymes requiring free thiol groups
for activity,. It was considered that a study of the effects of
a range of éuch compounds on enzyme activiiy could provide valushle
information concerning the role of thiol groupé in catalysis.
Iodoacatamidag iudoacetic acid, N-ethylmaleimidse and
p-chloromercuribenzoate wsre used as thiol complexing reagents.
These reagents complex with thiol groups in the following mannser,
Iodoacstamide and iodoacetic acid react relatively specifically
with thiol groups by alkyl substitution. The univaleni organic
mgrcurial, p-chloromercuribenzoate, reacts stoichometrically and
also extremely apecifically with thiol groups to fuzrm a merceptide,
while N-ethylmaleimide forms a complex derivatives with thiol groups.
These reagents were added to incubation tubes containing nuclear
and microsomal fractions. The tubes were shaken, placed in an
ice~bath for Smin followed by addition of 3Hmtestostarone and NADPH.,
The 5 e~reductase assay was then performed in ths usval manner at
37°C, The concentration of thiol group blocking reagents in the
final incubation waé either 10m2M or 10’4N. To some incubations
a freshly prepared golution of dithiocthreitol was added to a final
concentration of 10“3No Thig water soluble compound contains

many free thiol groups which enspie it to reduce disulphide groups.
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The results of these incubations ara shown in Table 15,
These are expressed as the psrcentage of 3Hmdihydrot6atcstarone
produced in a control incubation where no additive was presente
Fach value is the average of at lsast tud experimentse In ona
series of experiments fractions were isolated from frozen tissus,
Results were obtained identical to those from fresh tissue, In
all cases the increase in szdihydratmstDSEBrone wrs equivalert
to a decrease in 3Hwtestosteruneo No SHmS o=androstanediol
was detected,

"The results indicate that the 5 %~reductase activity in both
nuclear and microsomal fractions is sensitive to compounds known
to form complexes with thiol groups. The most effective agent
. was pechloromercuribenzoate which inhibited completely at a
concentration of 5 x 10"5No Iodoacetamide caused marked inhibition
at 10"2N, but not at 1DN4M9 Todoacetic acid and Neethylmaleimide
were the least effective agents, causing approximately 50% inhibition
at a concentration of 10_2No Dithiothreitol at the relatively high
concentration of 1072M caused slight stimulation of reduction.

Results obtained in this series of experiments were similar for

incubations with nuclear and microsomal fractions.

(b) Effect of Chelating Anents
| Testosterone reduction has been shown to be sensitive to
divalent cations in Section 2, (e). It was, therefore, of interest
to study the effect of chelating agents on the 5 g=reductase activity

in nuclear and microsomal fractions isolated from human hyperplastic
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TABLE 15.

Effect of Thicl Group Blocking rieagents

and Thiol Groups on Tastosterons Reduction

Reagent Noe. of Nuclear Fractiern Microsomal Fraction
5en Experiments 5 g ~heductass % 5 g «Reductase *
Iodoacetamide
107N 2 13.2 Gol
107N 2 15240 99,6
Todoacetic Acid
1072w 2 57,9 39,7
107%n A 2 9748 10204
N=athylmaleimide
10™% 2 5863 5204
10™% 2 86,6 85,0
p-chloromercurie
benzoate
5 x 1078 5 0.8 0.7
Dithiothreitol
107m 6 11640 12340

7
# Results expressed as percentage of JHmdihydretestnaterone preduced

in a control incubation where no additive was present,
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prostatic tissue. Three chelating agents, EDTA; o=phenanthroline
and citrate were used. The results are shown in Table 16, Each
valus is the average of at least two‘experiments, Results

obtained from fractions isolated from frozen prostetic tissue were
again idantical to those for frash tissue, Results aia expruseed
as Lhe percentage of 3H~dihydr0testosterone produced in a control
incubation where no additive was present. In all cases the
increass in usdihydrotastosterone was equivalent to a dscrease in
sztestosteronBo No SH«S ag=androstanediol was datected,

The results show that in both nuclear and micresomal fractions
EDTA produced & slight ctimulation, o-phenanthroline a slight

inhibltion, and citrate no effect on 5u =reductase activity.

(c) Reversal of Inhibition

Inhibition of the activity of an enzyme may ba either
reversible or irreversible, If iphibition is reversiblae,; the
enzyme activity will be restored upon elimination of the inhibitors
for irreversible inhibition to ecceocur, a fundamental change within
the protein structure of the enzyme (i.e. a denaturation) may have
taken place. Expariments wers performed to determine whether
inhibition of the S5a «reductase activity by zinc and
p=chloromercuribenzoate could be reversed,

" The experiments were designed in such a mannev that ths
reversal agent was added 10min after the beginming of the incubation,
At this point, therefaore;, the enzyme was known to be under inhibition,

ensuring that a true reversal was being observed. If inhibition



110,

TABLE 16.

Effect of Chelating Agents on Testosterons Reduction

Chelating No. of Nuclear Fracticn Microsomal Fraction
Agent Experiments | 5 ¢ =rfeductase # 5 o -Reductase *
)

EDTA

107 5 117 125
o-phenanthroline

107 4 86 90
Citrate

1072 2 94 101

107 4 100 103

¥ Resulis sxpressed as percentage of SHmdihydxotestostarmna in a

contrel incubatlon where no additive was present,
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and reversal agents were added at the sams time it would be
impossible to determine whether the obssrved effect wrs due to
trus reversal or to deactivation of the inhibitox, Incubations
were terminated 15min after the addition of the revesrsal agent.

To quantitats the effect that a reversal agent had on
inhibited enzyme activity the percentage release of inhibition
was determined, This valus was calculatsd by subbracticn of the
3deihydrotestosterons produced in a 25min incubation with inhibitor
from the Sdeihyﬂrotestosterona produced in a 25min incubation to
which a reversal agent was added after 10min. The mathematical
basis for this ecalculation is outlined as followssi=

3Hmdihydrotestnsterone produced in the inhibited enzyme after a

25min incubeaetion = y nge

3Hndihydrotestosterone produced by the inhibited enzyms during

the firgt 10min of incubation = % nge

3deihydr0tastnsterone produced by the inhibited enzyme after a
25min incubation to which a releasing agent had bsen added aftex

the first 10wmin of the incubation = z ng,

The SHmdihydrotestosterone produced by release of inhibition in

the last 15min of incubation = (zZex)=(y=x) nge = z ~ y Nge

This valus was diuidéd by the enzyme activity of a control
ipcubation containing releasing agent zlone and then multiplied by
100 to give the percentage release of inhibition.

Since previous results indicate that Scxmreductasé inmhibition

involves thiol groups it is possihle that if these groups were addad
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in excess to an inhibited enzyms this may cause some revarsal of
inhibitione. C«perimencs were therefore pexrformed in which
dithiothreitol (1Dm2M) was added to the nuclear and microsomal
fraction incubaticns under inhibition by p-chloromcrcuribenzoate
(5 % 10“5M) or by zine (1DQ4M}0 The results obtained are shouwn
in Table 17 and Figure 16,

Two sxperiments were perfornaed with fractions from Fresh
prostatic tissue while in the others fractions were iscolsted from
frozen tissus,. In all incubations the only detected metabolite
of SHwtastosterona was EHmdihydrmt@stosteroneo

‘Results show that reversal of zinc or p~chloromercuribenzoate
inhibition occurred if dithiothraitnl was added 10nin after the
beginning of the incubation. Dithiothreitol was most effective
in revarsing inhibition by n-chloromercuribenzoats, The extent
of reversal was approximately the same in nuclear and microsomal
fractions,

It is possible that chelating agents with.a high affinity
for zinc may reverse zinc inhibiticne Reversal experiments wers
therefore performed with two such chelating agents, EDTA and
o~phenanthroline and also the naturally occurring rhelating egent
citrate, The procedure was exactly similar to thalt used in the
previous experimasnt. Incubations were performed in duplicate and
the only detacted metabolite of 3Hmteatosterone was Bﬂmdihydrotestosteronan
The results, shown in Table 18 and Figure 16, indicate that

]
inhibition of 5 a=reductase activity by 10 'M zinc canm be reversed

by EDTA and c~phenanthroline. No eignificant difference could bs
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Reversal of p-chloromercuribenzoate and

«a ?
Zine Inhibition by Dithiothreitoi (107 M)

-

Inhibitor No. of Nuclearp Microsomal
Ahabl Experiments fraction # Fraction *
pechloromarcurics
benzoate
5 x 107N 5 51 64
2inc "
107" 4 34 23

#* Results expresssd

Reversal of Zinc Inhibhition by Chelating Agents

as percentage release of inhibition ~ see text.

TABLE 18,

Chelating No. of Nuclear Microsomal
Agant Experiments Fraction # Fraction *
EDTA b
10 ™M 2 39 a7
o=phenanthroline
107 2 42 30
Citrate
10~ 2 25 9
=3
10 M 2 1.9 102

* Results expressed

as percent=ge releass of inhibition = sese text.




FIGURE_16.

Reversal of 5 q-~Reduyctass Inhibition

Nuclear and micrqsomal fractions meré incubated with
inhibitox for 10mins before addition of reversal
agent, Incubations were terminated 15min after

the addition of the reversal agent.

% Rolease of inhibition is an index of the increase of
5 o=peductase activity after the addition of the
reﬁarsallagent. The methed for calculation of the

% release of inhibition is outlined in the text.

[:::] Nuclear Fraction

EQ&Z@ Microsomal Fraction.
P.CMB ’ p-chloromercuribehzoata
DTT Dithiothreitol

0-p + gephenanthroline
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detected beiween nuclear and microsomal fractions in thils respect,
. . ] w2 ,
High concentrations of citrate (10 “M) also caused reversal which

was most marked in the nuclear fraction.

(¢} Kinstic Study of 7zinc Inhibition

Since the inhibition of 5 o-reductase activity by zinc
was found to be reversible; information concerning the mechanism
of inhibition could be gained by & Michaelis-Menten typs analysis
(Michaslis and Menten, 1913),

All enzyme acﬁivities increase linearly with time as
the concentration of substrate (or cofacter) is increased up to
saturating level, The velocity of the enzyma reaction at
saturation is termed Umax and the substrate concentration when the
enzyme acltivity is half of that at saturation is termed Kmo The
relationship between the enzyme's initial reaction rate (v), the
substrate concentration [8]9 Umax and K is given by the Michaelis-

Menten ecuations-

Uqu [S]
EG
The concepts Vmax and Km’ are dependent on the affinity

of the substrate (or cofactor) for the enzyms and the efficilency of

catalysis, They are useful parameters for the comparison of enzyms
agtivities, A plot of v against [S] gives a hyperbolic curve from
which Vmax and Km can be determined, Since this plot is an asymptote

it is extremely difficult to determine the exact point at which the
reaction has reasched saturation. To determine Vmax and Km more

precisely the Michaelis<lMsnten equation can be rearranged to tne formi-
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This is called the Linewsaver-Burk sguation (Lineweaver and Burk,
1934),

If 1/v is plotted against 1/[S] (& double reciprocal plot),
a straight line should result,; the intercept with the ordinats being
equal to 1/VUmax while that with the abscissa baing equal to « 1/Kme

If an inhibitor combines at or near to the substrate (or
cofactor) binding site, or is structurally sufficiently similar to
the substrate (or cofactor) to compete with it for its binding site
the effect will be reflected by an increase in the substrate (or
gofactor) concentration required to attain half the maximum
valaocity, The maximum velocity, however, should not be altared,

(Km is increassed and now termed Ky o but Umax is unaltered), This

!
type of inhibition is called competitive inhibition.

ify on the other handy, an inhibitor ~ombines with & site fax
removed from the substrate (or cofzctor) binding site the sffect
.will be reflected by a decrease in the maximum velocity of the
reaction, The substrate concentration at which half the maximum
velocity is attained should be the same in the inhibited and
uninhibited enzymes (Vmax is decreased and now termed Vmaxi, Km
is unaltered). This type of inhibition is called non=competitive
inhibition. |

The present se:ias of experiménta ware designed to dstermins
what type of inhibition was exerted by zinc on the 5 a-yeductass
activity present in the nuclear and microsomal fractions of the human

hyperplastic prostate. The results obtained were analysed by
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double reciprocal plots,. If the inhibition is competitive such
a plot is characterised by straight lines.of differing slopaé
intersecting at a commen intercept on the 1/v axis, if it is nonw
compatitive the lines differ in slope but do not share a common
intercept on the 1/v axis. |

In the First series of experiments of this typs nuclear
and microsomal fractions were incubated with increasing levels
of testosterone with and without {0“4m zinc. The cofactor (NADPMH)
concentration was kept constant (2 x 10m4m)o It was found in a
praliminary experiment that as the substrate concentration inéreased,
the pafcentage conversion of 3Hmtestastarone to 3Hmdihydrntestmster0ne
formed during incubations decrsased. The level of 3H=testoster9ne
uas thafsfora increased from 2 X 105 depems (the level in the
standafd S =reductase assay) to 8 x 105 dopote in these expsriments,
This allowed-a more precise detection of 3Hmdihydrctastosteron@
formed during these incubations.

The results (Figure 17 ) indicats that, in both nuclear and
microsomal fractions, zinc doas not compete with testosterone
during inhibition 6? the So =praductase. The fellowing parameters

were calculated from the double reciprocal plotsie.

Fraction app K_ * Vmax Vmaxi
Nuclear 105 12,5 1,94
Microsomal 6647 208,3 100

% = nM = pmol/h per mg protein

In the next series of experiments nuclear and microsomal



FIGUPE 17,

Plot of 1/v Versus 4/ [Substrate] in the

Presence and Absence of Zinc

Nuclsar and Microsomal fractions were incubated with
increasing levels of testosterons’with and without
10™% Zncl,. The cofactor (NADPH) concentration

was kapt constante.

O control

E3 Control + 1O"QN ZnCl2
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Figure 17 PLOT OF 1/v VERSUS 1/[FUBSTRATE] IN THE PRESENCE AND
ABSENCE OF ZINC,

AYNUCLEAR FRACTION

-1

n mol/hpermg*Protein)

900+

600 5 ' 8

A o)

(

e o)
o "___,,.__—8,....-»-——-“"‘“"‘“"""”
e
1 ] 1 ]
5 10 15 20
1/[TE.‘STOSTERONF] it
B) MICROSOMAL FRACTION = (oM ) o
4
. - :
J =4
£
g
[e]
[
% 20+
£
| 5
[0}
[«3
T
~ ]
2
£ 10 o
,;// u
- 0.Q.
4/ "___J-o"‘""'o o)
/ﬁm‘ ,._ﬂ"’ﬂ- .
.-.-’—'-‘"“"M

] { 1 I
5 1G 15 . 20

1, .
/LTESToerRomrs] (aM! )



11.9.

fractions were incubated with increasing levels of NADPH with and
>without 10“4m ZiiiCe The concentration of substrote {ertestostarone)
was kept constant (2 x 10° GePoMo)o ‘ The results (Figure 18)

indicate that in both nuclear and microsomal fractions 5 e~reductase
agtivity is inhibited in a competitiQe manner with respect to

cotactor. The following parameters were calcnlated from the

double reciprocal plotsi—

R Y '
Fraction Vmax ~app Km app Kmi
NUClBaI‘ » 18018 0042 B8
Microsomal 66,8 0e45 1161
x = pmol/h per mg protein = x10"%M NADPH

The later series of experiments give a positive result wﬁich
indicated that zinec may bind at or near the cofactor binding eitso
The experiment was therefore repeated,; with microsomal fraction
and low concentrations of zino (1Om5M and 10“4m) tu seek added
confirmation of this effect,. The results; presented on a
double reciprocal plot; are shown in Figure 19, The following

parameters wsre calculated from the graphg=

Umax = 71.4 pmol/h per mg protein
cad]
app K = 0.3 x 10 M NADPH
ol
0,57 .. 107" NADPH

3.2 x 207%M NADRR

5
app Kmi (10 ™M zn)

app K . (10”4m Zn)

i



FIGURE 18,

Plot of 1/v Versus 1/[Cofactor] in the

Presenca and Absence of Zinc

Nuclear and Microscgmal fractions were incubated with
increasing levels of NADPH. The substrate

(testosterone) concentration was kept constant.

O control

9. Control + 107N zntl,
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Figure 1 © PLOT OF 1/v__VERSUS 1/[COFACTOR] IN THE PRESENCE AND

ABSENCE OF ZiNC.
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FIGURE 19,

- Plot of 1/v Versus 1/[Cofactor] in The

Presence and Ahsence of Zinc

Microsomal fraction was incubated with increasing
levels of NADPH, The substrate (testosterons)

concentration was kept constant.

O Control

[0 control + 10_5N Znc1,

Control + 1D_am zncl,
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Ge Relationship between Zinc Content and 5 ¢ -Reductase
Activity

In the previous experiment zine (10“4N) was found to inhibit
the reduction of 3Hmtestosterone in nuclear'and microsomal fractions
isolated From'human hyperplastic prostatic tissue. This
reversible inhibition was competitive with respect to cofactor
and may have involved binding of zinc to a thiol group. Although
many enzymes are known to be sensitive to uivalent cations-ths asove
observation may be of more physiological importance because of the
high zinc contenu of humén prostatic tissua. The objectives of
these final experiments was to confirm that the prostate has a high
zinc content, to discover where this zinc is located, and to search
for evidence which might indicate that zinc contrels 5o -reductase

activity in vivo,

(a) Zinc Content of Hyperplastic and Adenocarcinomatous
Prostatic Tissue

A study was performed to determine the zinc content of
human prosiatic tissue. The results obtained for the zinec content
of tissue samples from two distinct éreas of thirtean hyperplastic
prostate glands are shown in Table 19. Results for three casss of
adenocarcinoma are presented in Table 20.

The average zinc content of hyperplastic prostatic
tissue was 1210 + 901 (5.D.) pa/g dry wie (n = 26) whereas ths much
Tower value of 421,6 % 238 (5.D.) pg/g dry wte (n = 6) was determined
in adenocarcsinomatous tissue. There was an extremely iarge

variation in the zinc content in both hyperplastic (450 « 4216 ug/g dry wt,)
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TABLE 19

Zinc Content of Human Hyperplastic Prostatic Tissug

Patients Age Total Sample Zinc Cantent *  Zinc Content *
Initials  (Years) uet wt. {g) of Sample A of Sample B
|} NeGo 67 51 '971. 1411

G.Me, 60 7 449 664

Welce 73 -130 | 4215 . 2124,

A.McG. 92 81 955 833

HoNc; 51 60 1030 80s. .

TS 73 85 772 726.. _

Delo 66 59 3462. 612

JuRe 73 39 1074 . 1285

JeN. 67 83 675 o205

AeGe 69 16 923 719

JeCe T2 22 988 1201

HoRe 70 50 2494 701 ..

Ralle 68 56 682 6882

# Expressed as jg Zn/g dry weight
Mean = 1210 % 901 (5.0.) pg Zn/g dry weight (n = 26)

Range = 450 « 4216 ug Zn/g dry weight
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Zing Content of Adenocarcinomatous Prostatic Tissuse

‘ Zinc Content *
Patientfs Age Total Sample of Samples
Initials |(Years) | Uet wt. (g) Histology from two
distinct sites
J.Qe 66 - 30 Moderately well 328,2
differentiated 24404
ScFs 63 28 Well differens 769,7
tiated 281.9.
ReSe 72 35 Well differen= 701.6
tiated plus 263,5
benign hyperplasia
% Expressed as g Zn/g dry weight
Mean = 431,53 + 238 (S5¢De) Mg Zn/g dry weight (n = 6)

Range = 2444 « 769.7 ug Zn/g dry weight




FIGURE 20,

Prostatic Zinc Content in Relation to

Prostatic Weioht and Patient Age

Zinc was determined in two samples from each of
thirteen hyperplastic prostate glands and related

to prostatic weight and patient age,
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Figure 20. PROSTATIC ZINC CONTENT IN RELATION
TO PROSTATIC WT. AND PATIENT AGE.
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and adenocarcinomatous tissue (244 = 769 pg/g dry wte)o Within
individual prostate glards thers was alsc marked variation in
the level of zinc in samples taken from two distinct sites.
In hyperplasia this variation was most extreme in ratient D.L.
where thers was a difference of 2850 g ziﬁc/g dry wt, betuween
two sites, In adenocarcinomatous tissue a smallor differsnce
of 538 pg zinc/g dry wb. was observed in patient R.S. Tt ig
important to peoint out that the carcinoma patients were nob under
estrogen treatment. The digease had bkeen discovered only
after histological examination of tissua removed for suspscted
benign hyperplasia.

Figure 20 shouws that no relationship is apparent bstween
the zinc content of hypsrplastic prostatic samples and patient .

age or prostatic weighto.

(b) Dictribution of zing in Hyperplastic Orostatic Tissue

Since zinc is known to be a component of human prostatic
secration (Mackenzie et al., 1962) an initial experiment was conducted

to determine whether any zine was removed during the 0.15M NaCl.

washing procedure. Samples (5 x 1g) were taken from diffurent
areas of two prostats glands,. Each sample was minced and washed

with 0.15M NaCl as dascribed in the msthods section. The washed
tissue wac homogenised in 0.25M éUC?OSGmToKoMo solution and duplicate
zinc and pruotein analyéas were performed on both the NaC] wash and
homogenate fractions. To cofrect for zinc contaminaticn during

the zinc determination control samples of 0.25M sucrose—T.K.M,
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solution and U.15M NaCl were slso analysed and the value obtained
gsubtracted from the relevant homogenate or NaCl wash sample
values. Results are'presented in Table 21,

The proportionsof the tetal zinc and protein found in
ths extracellular fraction are rolativaely highe In prostatic
tissue for patient P.,A. 34% of the total protein and 39% of the
total zinc was located in tho extreoellular fraction, while in the
case cf patient A.Mce 21% of the total protein and 18% of iLhe total
zinc was present in the extracellular fraction, The complets
distribution of zinc within hyperplastic prostatic tissue was
studied, taking into account the large proportion washed cut of
the mince with 0.15M NaCl. Three samples (10g) of frozen
hyperplastic prostatic tissus were used for this pUrpNSe,

Cellular fractions were isvlated as described in the methods
section. Duplicete zinc and protsin analyses were performed

on sach fraction, 70 courrect for possible zinc contamination

in the determipation, zinc was also determined in suitable reagent
controls and the value obtained subtracted from the sample valus.
Results (Table 22 and Figure 21 ) are represented accordinn to
the method suggested by de Buve (1955). in addition, values

for the extracellular fraction are aléo included in this
presentation, It can be seen that most of the prostatic zinc.
was located in the extzacellular, nuclear and supernatant fractions
(51.8%, 24,4% and 18% respectively).

ic) Relationship Between Zinc and 50 ~Reductase Activity
In Prostatic Hompgenatses

Tissue homegenates, prepared from fresh prostatic tissus,
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Zinc and Protein Content of Extracellular Fraction

Concentration in
Extracellular
Fraction

P.Ae Age 75 yrse
Prostatic wt. = 65g

Al.liro Age 65 yrs,
Prostatic wte, = 339

mg Protein/g
original tissue

% Total protein

#g Zn/g original
tissue

% Total zinc
{19 Zn/mgy Protein

% Total Zn/%
total protein

40,3

39.0

1615

1162

22,1

0,9

Results presented for each patient aznz the average of five

determinations from distinct portions (ig) of tissue from

different areas of the prostate.
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TABLE 22,

Distribution ef Zinc in Muman Hyperplastic Prostatic Tissue

Relative
Frastion Zine Protein Specific
Activity T
Absolute Valus 0.864mg 256,4mo -
Extracellular 5180 33.89 1.58
Intracellular 46,53 69,70 1050
600 g Pellet .
Susppnsionﬂ=
(NUClBBI‘) 24443 19\’86 146
9,000 g Pellet
Suspensioaon
(Mitochondrial) 0.70 3613 0.21
105,000 g Pellet
Suspension
(Microsomal) 1.94 o3 0,23
105,000 g
Supernatant
(Cytosol) 18,05 39,00 0.48
Total % Recovery
in fractions 96,50 895,97 -

Results expressed as percentage of absoiute value,
Results are the avsrage of three expsriments,
T = % zinc in a specific fra~tion/% protein in that fraction.

= corrected for DNA recovery (on average 70% of homogenate DNA
was recovered in the 600 g pellet). ’



Distribution of Prostatic Zino

Results presented are recalculated from Table 22
on the basis of a 100% overall recovery.

Results ars the average of three sxperimentse
Zinc/protein = % Zinc in a specific fraction/%

Protein in a specific fraction,.
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were analyseq for zinc and 5q -reductase activity; Samples

(5 x 1g) were tcken from each prostate gland. These samplas
were minced, washed,; filtered and homogenised as described in the
methods sertion, The final filtrate was made up to a volume of
10ml with 0,25M sucrose-=T.K.M. coluticn anﬁ duplicate samples
analysed for zinc and 5 gereductase agtiuity, To monitor Fu:v
zinc contamination during th2 zinmc determination control camples
of 0.25M sucrouse-T.K.M. solution were also analysed for zinc and
the value obtained subtfacted from the homogenatg sample valus.
Results are shown in Table 2% and Figure 22,

Histological examination confirmed that four of these
glands wsre hyperplastics. In the case of patient R.Mce., howsver,
anaplastic malignant infiltration of lymphoid origin was diagnosed,
This patient was subsequently found to be suffering from leukemia,

The hyperplestic tissue results produce a coeoefficient of linear

correlation of - 0.54. The best straight line to fit this date
22 )
is shown in Figure 28, The student-t value was 3,099 and with a

two tail probability table the P valus of <{0.01 was obtained (n = 19),
These results show that a significant negative relationship exists
baetween the zinc concentration and 5 g ~reductase activitf of human
hyperplastic prostatic homogenates.

(d) Effect of Added 7inc on 5a —Reductase Activity of
Frostatic Momogenates

An experiment was performed to determine whether zinc
added to prostatic homogenates modifised 5 g —reductase éctivityu

An homogenate was prepared from fresh hyperplastic prostatic tissue
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TABLE 23

Relationship betwesn Prostatic Zine

and 5% =feductasse Activity

Patient M3 Zn/ing SoAo ¥
and A .
. Protein S0 ~Reductase
Details

J.N. Age 67 4,56 ‘ 17.98
P.wts 670 2.20 19.60
Bopoﬂa 2004 210??
3.94 16031
152 3145
G.C. Age 86 3,84 16,06
Powtoe 1359 1.89 1112
Be.PoHa 2.55 71.85
3,62 16042
D.P, Age 73 1941 30039
Pewte 629 134 36025
BePeHe 1669 34622
1,08 36,82
2.99 33,98
D.B. Age 62 1066 53,35
Pewts 299 1062 55.H9
BOPQHO 101’7 52060
215 31,60
1038 42,15
R.Mc. Age 76 D.68 1791

Pewto 44Q 0,22 413
BopaHa UOSD . 41955
0.19 14,07
0.24 654

® S,A. = Specific Activity = pmol/h per mg proteins

BﬁpOHD

Benign Prostatic Hyperplasia,

Powt. = Prostatic Ueight,
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Relationship between Zinc Content

and 5 g --Reductass Ackivity

Homogenates were prepared from samples(E % 1g)?r0m
each of Tour hyperplastic prostates, These
homngenates were analysed for both zinc and

5 ¢ =reductasa,

Patient's Initials

A D.B.
O D.P.
& JuN.
o) GeCo
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as describerd in the methods section. Incubations were conducted,
in duplicate, with increasing lovels of added zinc. After all
incubations the sum of 3Hmte8toaterone and 3Hmdihydrotestost9rohe
accounted for at least 95% of the radioactivity. No
3HwS(x =androstanediol was detected,

The results (Figure 22) indicate that zine caused
inhibition of 5o -reductass zctivity of pfostatic homogenates,
Inhibition began at a zinc concentration of 1Dm6M and was complete

m'?
at 107N,

(e) Effect of Chelating Agents and Dithiothraitol on
S a-Raductase Activity in Prostabic Homonsnates

Reversal of 5 aereductase inhibition by zinc has previously
been demonstrated in nuclear and microsomzl fraction incubations by
the addition of the thiol group containing reagent dithiothreitol,
or the chelating agents EDTA or o-phenanthroline (see Section 3 a.)a
Since the concentration of zinc in prostatic howogenates bears an
inverse relaticnship to 5 g-reductase activity;, suggesting that the
enzyme hay in certain situations be under zinc inhibition, it was
of. interest to discover if these reagents modifised 5 a=reductase
activity in homogenate fractions

Homogenates wers prepared from fresh hyperplastic prostatic
tissue as described in the methods section. Incubations with
SHwtestosterone wers performed, in duplicate; with the addition of

zm), EDTA (10“3m) and o-phenanthroline (10“3m)°

dithiothreitol (107
After all these incubations the sum of SHmtestosterona and

3 s '
H~dihydrotestosterone accounted for at least 95% of the radiocactivity,



FIGURE 23,

i e

fffect of Added Zinc on

Prostatic Homogenate 5 a~Reductase Activity

Homogenate incubations were psrformed in the

presence of increasing concentrations of zine,
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-

Ho 5Hw3(xmandrostanediol was detected,

Results obtained (Table 24) are sxpressed as parcentage
of SHmdihydrmtestusterona found in control incubationse.
Dithiothreitol had no effect, EDTA caused stimulation,; and
o~phananthroline caused slight inhihition of prostatic homogenate
5a «reductase acﬁivityo The moudifications of S5a -—reductese
activity by EDTA and o-phenanthroline are, therefore, very similar
to those seen when these reaysnts were added to nuclear and
microsomal fraction incubations. Although dithiothreitol
caused stimulation of nuclear- and microsomal Fréction 5 dmreductasa
aétivity, in the present tissue homogenate incubstions no

stimulation occurred, -

(f) Effect of Cytospl or Heated Cytosol on Microsomsal
Yo «Reductase Activity

The following experiments were designed to determine
whether the cytosol fraction, which contains much of the intrae
cellular zinc, could inhibit 5 a=reduction when it was added to
microsomal fraction incubatiuns, In the first experiment,
microsomal and cytosol fracticns wers isolated from fresh hyperplastic
prostatic tissue (5¢9), The cytosol fraction (50ml) was divided
into two 25ml portions and one of these portions was heated in a
bolling water bath for 20min, cooled in an ice bath and centriluged
at 6DO~2.(raU° 17cm) for 10min to precipitate proteins. Tha
supernatant fraction was decanted and termsd the heated cytosol

fraction, Duplicate incubations were performed of microsomes,

cytosol, microsomes plus cytosol and microsomes plus hesated cytosol



TABLE 24,

Effect of Dithiothreitol and Cheiating Agents

gn Prostatic Homogenate Soe=Reductase Activity

Agent % Control Activity Averane
Dithiothreitol 98,2
(10“2m) 1025 1016
101.6
EDTA 115,.8
(10“3m) 12643 124,3
130,8
o~phenanthroline 95,2
(10“3m) 6504 : 87.5
B1.7
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with sztastosterUnao The activity of the 5o ~reductase was
determined,

The 5S¢ -raductase activity detected in uhe cytosol
fraction incubations was subtracted from the value obtained in
jincubations of microsomal fraction plus cytosol fractien, so that
in these incubations the activity of the microseomal fraction alons
could be seens In microsomal plus cytoscl incubations there was
also a small conversion to 3Hm3a —-androstarzdiol and this product
was taken into consideration in the calculation of 5¢ —reductase
activity. Results of this experiment (Table 25 ) shou that the
addition of cytosol to microsomal incubations caused stimulation,
whereas addition of.heated cytosol causen inhibitien of 5y —rsductase
activity. |

Further experimsnts wers developed to investigate
these effects. Microsomal and cytosol fractions werse isolated
from fresh hyperplastic prostatic tissue (10g). The cytosol
fraction (100ml) was separated into two portions (60ml and 40ml),
The first portion (60ml) was boiled and protein precipitated as
previously described, A portion (30ml) of heated cytosol iraction
thus formed was passed down a cation exchange column prepared as
followss= A glass column {0.5cm in diameter) was filled with
washed Amberlite resin IR=120 (&) , uwnich was suspended in
distilled water Lo a height of Gem. Anberlite weas washed hefore
use so as to remove fines. The resin was magnetically stivred
in distilled water for 2min, allowed to sediment, and the supernatant

containing fines was decanted by suction. Heated cytoscl fraction
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TABLE 25,

Addition of Cytosol Fraction to

Microsomal 5 o =Raductase Incubations = Initial Experiment

Incubation S. Activity * % Microsomal Centrol
Control 40,3 100
4+ cytosol'r ' 507 125.6
+ Heated Cytosol 2667 6641

#* S, Activity = Specific Enzyme Activity = pmol/h per mg

protein,

Reasults presented correspond to the activity of the

microsomal 5a —reductase.

T in this case 5a ~reductase and 3 g=hydroxysieroid
dehydrogenase activity of the cytosol fraction were

subtracted from the total activity,
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was passed through the cation exchange column at a flou rate of
approximately 3ml/mine To avoid dilution of the sample,; the
first 10ml of heated cytosol passad down the column was discarded.
The following 20ml waes collected and the pH carefully adjusted to
Tel0,y with 1M NaOH, This was necessary since after passage of
the cytosol fraction through the column the pH was acid because
caticns had been exchanged for hydrogen ionse This ffactimn
was then diluted to 30ml witii 0.25M sucrose=T.K.M, soiution and
called the Amberlite heated cytosol fraction. Cytosol and
heated cytosol fractions (20ml of each) wers also diluted to

30ml béfore beimg used in incubations to ensurs all fractions
were at the same concentrationo Durinn passage thrcugh the
cation exchange column the heated cytosol fraction lost 96% of .
its zinc and 70% of its protein.

Incubations of microsomal fraction with 3Hwtestcsterone
plus the fractions shown in Table 26 were performed, As before-
the results presented correspond to the activity of the microsomal
5a ~-raductase after subtraction of the 54 =reductase and
3¢ ~ketosteroid dehydrogenase activities of added fractions,.
_Results for two experiments ére shown in Tahle 26,. These are in
agreement with the previous experiment in so far as the héated
cytosol fraction added to microsomal incubations caussed about
30% inhibitione. The pH of the heated cytnsol fraction was
checked and found to bs unchanged at 7.0. This inhibition was,
therefore, not due to a pH changes.

A small activation of heated cytosol inhibition was

achieved by the inclusion of EDTA (10”3m) with these incubations.
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TABLE 25,

Addition of Cytospl Fraction to

Microsumal 5 a-—Reductase Tncubations

Incubation Se Activity * '% Microsomel Control
Control 28,9 100
3Bo4 100
.i..
-+ Cytosol 3463 119
38.5 100
4+ Heatsed Cytosol 20,2 69
28,2 73
+ Amberlite 255 88
Heated Cytosol 39,2 . 102
+ Heated Cytosol 25 85
and 1071 EDTA 31 81

#* 8, Activity = Specific Enzyme Activity = pwol/h per mg

protein.

Results presented corrsspond to the activity of the microsomal
5 g~raductase after subtraction of the 5o ~reductase activity

of added fractionse.

*+ in this case 3 o ~hydroxysteroid dshydrogenase activity

was also subtracted,
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This activation is no greater than the stimulation of microsomal
5 ge-reductase activity by EOTA (Table 16 ) and therefore does
not constitute a reversal of heated cytosol inhibition. Passage
of the heated cytosocl fraction through a cation exchange volumn
almost completely reversed the hasated fytasol inhibition of
microsomal 5o —reductase (Table 26 ). In experiments where
cy£0301 was added to microscwal fruction a stimulation of
approximately 20% of the 5 a-reductase activity occurred (rables
25. and 26 ). . This may be due to a pull sxerted by a
cytoplasmic 3a —ketosteroid dehydrogenzse present in thess
incubations.

Zinc was determinaed in the cytosol and heated cytosocl
fractions and the concentration of this cation in incubations to
wvhich these fractions had been added was calculated. The
effect that this level of added zinc would have had if added to
Sa~reductase incubations was also calculated with reference to
parlier results (Figures 13 , 14 and 15 ). The calculated
value was compared to thes actual inhibition by these fractions
(Table 27 ). The calculations show that, in the case of hteated
cytosol, the inhibition of microsomal 50 —rsductase activity is
similar to that expected from the concentration of cytoplasmic
zinc in the incubationse. This is not the case for unheated
cytosol incubations. These results indicate that in casss
where the protein is denatured by heat cytoplasmic zinc may
become Freelto inhibit 5S¢ =reductase. In normal cytﬁsol fractions
zinc may be largely pruteiq bound and unable to iﬁhibit 5o ~reductase

activity.
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TRELE 27+

Zinc Content of Cvtosel and Heated Cytosel

Added to Microsomal lncuvations

Cytosol Heated Cytosol
w3 )
Zinc Content 4,2 % 10 ™M D98 » 10 M
2,7 x 1070w 0.90 x 1075w

Approx. Theoretical
5¢ =Reductase 30 - 50% 16 = 31%
inhibition 20 = 40% 15 = 30%
Actual 5 o=Reductase (19% Stimulation) 31%

Inhibiiion

nil

275
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D. DISCUSSIGY

1 General Characteristics of Testosterome Reduction by
Human Hyperplestic Prostatic Tissue

Certain characteristics of testrsterone 5 awreductase of the
human hyperplastic prostate gland were found to be similar to
those of rat ventral nrostate as‘described by Frederiksen and
Wilson (1971). In both species une enzyme is located in
nuclear and microsomal fractions, in.both NADPH but not NADH
is required for activity, and in both the enzyms is unstable
upon heating for long periods at 77°C, In addition the enzyme
from sach speciss has a similar Km’ and is inhibited to the same
extent by certain divalent cations. No major difference was
detacted batwesn nuclear and microsomal fraction Soa —reductasae
in the many expsriments carried out in the present study, it
is therefors likely that, as in the rat prostate, this activity
in the human hyperplastic prostate belongs to a single enzyme
entity. ‘

It was originally intenJed to carry out a comparison of
the S5a «raductase activity in normal and byperplastic prostatic
tissue, but this had to be abandoned because of thc unavailability
‘of fresh normal human prostatic tissus. $iiteri and Wilson
(1970), however, in ar as yet unconfirmed report, found that,
although dihydrote§tosterone was increased during hyperplasia,
the So —reductase activity of normal and hyperplastic prostatic

tissuer was similar,



(a) Time Courss of Reduction and the Effect of Trypsin

Time course experiments (Figures 11 and 12 ) revealad
that under the present experimental conditions,; activity of the
human hyperplastic prostatic %« -reductase increased linearly
wilth time for 40mine Thereafter the enzyme progressively lost
its activity and was inactive within 80min. This inactivation
could not be explained by lack of cofactor or substrate. It is
known that upon homogenisation of certain exocrine organs, stored
sscretory proteases and nucleases may ba released, causing
inactivation of cell organelles and constituents (Robinovitch
et al,; 1969), Since the prostate gland secretes proteolytic
enzymes required for the liquefaction of coagulated semen (Mann, T964)
the presence of these enzymes in a cell«free system might uausé
snzymatic degradation of 5o ~reductase. In time course
experiments. howevcr, no differsnce was obssrved between control
incubations and incubations carried out in the presence of a known
proteolytic enzyme inhibitor (soya bean trypsin inhibitor), This
inhibitor eliminates some proteolytic enzymes as factors causing
a time-related inhibition of 5¢ -reductase activity, It is of
interest to note that the 11pg ~hydroxysteroid dehyarogenase studied
in homogenates of rat submandibular saiiuary glands is degraded
by certain proteolytic enzymes, an effect which may be overcoms

by the addition of soya bean trypsin inhibitor (McPhee, 1973).

(b} Activity of 3o ~Hydroxysteroid Dehydrocenase in
Honggenate Incubations

A cytoplasmic 3¢ «hydroxysteroid dehydrogenase has been
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found in the vat ventral prostate gland (Bruchovsky and Wilson,
19685 Nozu and Tamaoki, 1973). In the human hyperplastic
prostate glandg 3a =hydroxysteroid dehydrogenase activity has
been shown in incubations with prostatic slices (Farnsworth and
Browny, 19633 Siiteri and Wilson, 1970), minces (Acevedo and
Goldzieher, 1963) and‘homogenates_(ofnéx, 1970), The
3 Gwhydroxystcroid dehydrogerase ie located in the cytoplesomic
fraction isolcted from human pfostatic tissue (Chamberlain st_al.,
1966) as it is in the rat ventral prostate.

The prostatic homogerates in the present study
appeared devoid of 3a =hydroxysteroid. dehydrogenase activity,
even when the concentration of cofactor or the incubation time
was increased (Figures 10 and 12.), Lack of 3 a=hydroxysterpid
dehydrogenase activity may be due to sensitivity of this enzyme
to the rather extreme homogenisation procedurs used in these
expariments, Detacltable 3 g=hydroxysteroid dehydrogenass activity,
however, was found in human prostatic cytosol incubations; which
makes sensitivity to homogenisation a rather unlikely possibility.
It is more likely that the dilution of the homogenate during the
éssay procedure decreasss the conteﬁt of the 3 a-hydroxysteroid
dehydrogenase, but not the 5 g-reductase, to such an extent that
enzymae activity cannot be detected. In support of this
possibility is the fimming that a high ratio of 5 =reductase to
3@ =hydroxysteroid dehydrogenase would be expected in human
prostatic tissue (Jenkins and McCaffery, 1974). Tt is rather

surprising that the 3 a=hydroxysteroid dahydroganése of the human
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hyperplastic prostate has not been more extensively investigated
since it is possible that a decrease in the activity of this
enzyme may account fur the over-accumulation of dihydrotestosterons

during prostatic hyperplasia (Siiteri and Wilson, 1970).

{c) Subgellular Distribution of 5 a-Reductase Activity

Chamberlain et al. (1966) have found that in the huwan

hyherplastic prostate much or the LU —reductase activity is located

in the cytosol, Ofner et al. (1970), however, were unablas to
confirm this firnding. They suggested that microsomal 5 a-reductase

may be present on slowly sedimonting particles which were not
completely precipitated from the cytosol fraction in the earlier
study, Evidence from the present study would seem to confirm
this suggestion, einca in experiments in which microsohas weyre -
separated from the cytosol fraction by centrifugation at a high

g forece (105,000 g3 » v 2.55cm) for 60min, little § g-reductase

4 AR
activity was located in the cytosol.

The intramicrosomal site of the 5 g=reductase in human
prostatic microsomes remains unknown. The intramicrosomal
distribution of rat ventral prostatic 5 ge-reductase is knoun to
be similar to that o human placental snzymes related to
steroidogenesis (Isurugi et _ale, 1971). In the rat ventral
prostate, “ozu and Tamaoki (1974b) have shown an age-dependent
shift of 5 a.reductase from the rough surfaced to the smooth

surfaced microsomal fraction, and an age~dependent decrease of

microsomal 5 a-ysductase activity. The physiologieal explanation
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for these findings remains uncertain, 1t is,; however, knoun

that microsomal.- enzymes are synthesized on the rourh endoplasmic
reticulum and transferrved to the smooth endoplasmic reticulum

whers membrane catabolism takes place, The age~cependent

shift of activity from rough to smooth microsomes may therefore

be caused by a decrsase in the degradation of the smooth membrana,

The intramicrosqmal distribution of enzymes relateu to steroidogenesis
are discussed in a review by Tamaoki (1973).

The mitochondrial fraction isolated from human prostatic
tissue was found to contain a small proportion of So —reductase
activity. A similar situation has been found in the rat ventral
prostate (Frederiksen and Wilson, 19723 Nozu and Tamaokl, 1973),
It is possible that this activity is due to contamination of the
mitochondrial fraction by endoplasmic reticulum; Further
purification of ths mitochondrial fraction Ly zonal centrifugatiun
linked to studies of the distribution of microsomal enzyme markers
as performed on adrenal mitochondria (Cowan et _ale, 1971) may
prove useful in confirming this hypothesis.

A major problem in subcellular fractionation of human
hyperplastic prostatic tissue is the isolation or pure nuclei,
Extremely low yields of DNA ars ohtained; and nuclear purity, as
Judged by DNA/RNA ratio (Table 10) and light microsccpy, does
not comgare favourably with rat prostatic nuclear frection, or
with the nuclear frartion isolated from guinea pig liver (Maggio

gt ales 1963)s Mainwaring and ;7ilroy (1973) described similar
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problems in nucleayr isolation from human hyperplastic prostatic
tissue but Hansson-and Tueter (1971) and Davies and Griffiths
(1973) make no reference to such difficulties in their purification
procedure.

| As a rasult of cytoplasmic contamination, the
- amount of 5<xmreductasa activity rfound in the nuclear fraction
in the present study may be uvverestimated In a careful study
by Verhoeven st al., (1974) it was shouwn that, within limits,
the quantity of the 5 q—reductase present in the nuclear fraction
isolated from various rat organs was proportional to cytoplasmic
contamination, Upon further purification of human hyperplastic
prostatic nuclear fractiony; an increase in specific activity of -
5 anréductase occurred (Table 13). This finding suggests a
proportien of the nuclear fraction £ au-raduchtase was not present
as cytoplasmic contamination, Similar results were observed
~upon further purification of the microsomal fraction (Table 13).

The problemsinvolved in the isﬁlation of prostatic

nuclei may bs related to the high content of fibromuscularn,
stromal and comneciive tissue in the human hyperplastic prostate
gland (Franks, 1954), Filtration of the homogenéte arior to
subcellular fractionation removed much of this homogenisation
resistent material, and resulted in higher nuclear yields,.
During centrifugatiqh of the crude nuclear psllst through 2,0M
sucrose some of the stromal connective tissue comeonents still
remaining were able to'penetrate this dense layoer, Similar

problems are associated with nuclear isolation from muscle tissue



(de Duve, 1971). Purer nuclear fractions may be ubtained by
the use of organic solvents (Behrems, 1932) o:s citric acid
(Higashi et ale., 1966), These methods wers avoided in the
pfesent study since the presence of guch agents mayv damage

membrane structures (Kier et al., 19673 Gurr gt _al., 1963)

(d) Kinetics of 5g «Raduclase Activity

The apparent Km values,; determined by Lincweaver -
Burk analysis, for the nuclear and microsaomal 5¢ -~reductase
activity from human hyperplastic prostatic tissue were
0,105 % 10750 and 6;267 % 1045M respectively (Figure 17 ).
These values are of the same order as those obtained for
Sa ereductase from both rat prostatic nuclei and microsomes,
and -human skin microsomes, but are éonsiderably Lower than
those found in rat liver microsomss (Table 28 ), The
5 awrsductase would fhus seem to be much move active in liver,
where its function is to deactivate circulating testosterona,
In prostatic and skin tissue, where activity is lower, the
function of the 5 a-reductase may be to activate circulating
testosterone, The apparent Km of the 5 d-reductass for
testosterone in human hyperplastic prostatic tissus is at
least ten times that of the testusterone concentration in the
same tissue (Siiteri and Wilson, 1971). It is possible,
ﬁharefcra, that as soon as this steroid enters the prostate

in an unbound form it will be converted to dihydrotestosterone.



TABLE 28,

Apparent Km of the Lo -Reductase for

Testosterone in Certain Tissues

Subcellular Apparnent Km
lissus Fraction % 10m6m Referencs
Rat Prostate Nuclear 0,62 Frederiksen and Wilson
(1971)
Rat Prostate Nuclear 0,32 Shimazaki et al, (1971}
Rat Prostate Nuclear - 1,05 : Nozu and Tamaoki (1973)
Microsomal 0,90
Rat Prostate Microsomal 2,50 F' Roy (1971)
Human Skin Microsomal 1010 Voigt et al. (1970)
Rat Liver Nuclear 20,3 Gustafsson and Pousetta
(1974)
Rat Liver Microsomal 108 MeGuire ot al, (1960)




(o) Divalent Cation Inhibition of Su -Reductase Activity

A number of enzymes are known which are both activated
and inhibited by certain metal cations,. For such enzymes
inkibition usually occurs by cation concentrations greater than
the optimum r:oncentration for maximum activity (Hewitt and Nicholas,
1963 ) The findings of Grant gt al. {1971) suggested that the
nuclear Sq —reductase of human hypsrplastic prostetic tissue wes
an enzyms of this type which was activated by low concentrations
and inhibited by high concentrations of zinc. This hypothesis
has not been confirmed. Results presented show that zinc
inhibits nuclear 5 o~reductase activity at concentrations highar
than 1UB6N hut does not cause stimulation at lower concentrations
(Figure 13 ). Microsomal 5o --reductase of huiman hyperplastic.
prostatic tissue and nuclear 5¢ ~reductase of rat prostate showed
similar results (Figures 14 and 15 ),

In an attempt to explain the difference betwesn the
observations of Grant gt al. (1971) and those of the present
study the experiment was repeated using nuclei washed with
Triton X100, This dstergent was used by Grant st_al. (1971)
but avoided in thse present study since it is a known inhibitor
of Sa ~reductase (Liao, 1974). The inhibition of nuclear
5 o~reductase by Triton X=100 is probably caused by disruption
of the outer nuclsar membrane on which the enzyma m=y be located
(Moore and Wilson, 1972). The possibility was considered that a

low concentration of zinc may, in some way, prevent mambrane
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disruption by Triton X100, A finding adding strength to this
hypothesis is that zinc has been implicated in membrane stability
(Reynolds 1972; Chvapil 1973), Unfortunately, results presented
provide no evidence for this hypothesis; zinc was unable to reverse
Triton X100 inhibition of nuclear 5 a-reductase {Table 14 ).
No further explanaticn for zinc sbhimulation of 5z ~raductase
observed by Grant st _al. (1971) can be offered.

Inhibition of both nuclear and microsomal fraction
5 a-reductase activity of human hyperplastic prostatic tissue was
achisgvaed by a range of divalent cations with the fecllowing order
of effectivenesss-

et = cu®t > 20" = co st

Frederiksen and Wilson (1971) observed similar resultc for the
5 agereductase of rat prosﬁatic nuclear fraction,

Kinetics of zinc inhibition of the § a~rsductase sugpest
that in both nuclear and microsomal fractions the inhibition may
be non-competitive with respect to substrate (Figure 17 ) and
competitive with respect to cofactor (Figures 18 and 19 ), It
is, therefore, possible that zinmc binds to a site alt or near to‘the
cofactor binding sits.

A slight stimulation of human hyperplastic pfostatic
é a=reductase occurred in the presence of EDTA (Table 16 ). This
may be dus to the removal of endogenous or ﬁontaminating divalent
cations. If this chelating agent is added to a zine inhibited

enzyme, reverssl of inhibition occurred (vable 18 and Figure 16 ).
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A much smaller reversal is achisved if a high concentration of
cltrate is substituted for EDTA. This phenomenon may be worthy
of more thorough investigation since citrate, like zinc, is a
component o seminal glasma and is found in high corcentrations
in the huran prostate gland (Lutwak-Mann, 1963; Mafberger ot ale,

1962),

(f) Thiol Group Invelvement in 5o ~Reductase Activiiy
Evidence presented in Section C.4. suggests that the

S ~reductase of human hyperplastic prostata may require an active
thiel group for activity. The So ~recuctase of this tissue was
extremely sensitive to the thiol grouﬁ blocking reagent
p-chloromercuribenzoate and was partially inhibited by high
concentrations of ioduacstamide, iodoacetic acid and Neethylmaleimide
(Table 15). Reversal of p~chloromercuribenzoate inhibition
was obtained by subseruent addition éf ditniothreitol (Table 17
and Figure 16). liigh ccheentrations of dithiothreitol itself
caused slight stimulation of Sa «reductase activity (Table 17).

| Many enzymas which depend upon thiol groups for thelr
. activity are sensitive to low concentrations of some divalent
cations (MHewitt and Micholas, 1963). Moreover, Klotz (1954)
suppasts thalt where free thiol groups érs binding sites for metals,
the order of affinity for this binding is reflected by ths-
relative magnitude of the solubility products of the metal
sulphides formed. gn the otﬁer hand, if chelating reactions

ccour the stability constants of the metal chelates formed
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determine the relative affinities, The solubility products
of metal sulphides in decresasing order are as followss—
JHg = AgTSCU3>Pb = Cd > Zn > Co = Ni > Mn.

Tﬁis is similar ta thes order of inhibition effected by some
divalent cations aﬁ 5 a~reductase, suggesting that these caticns
inhibit by binding tc a thicl groupe. Furthermore, inhibition
of 5 yereductase can be reversed by subsequent addition of
dithiothreitol (Table 17 and Figure 15 ) ‘Since zinc may
bind to e site at or near to the cofactor binding site it is
concluded that an active thiol group may ba present at this site.

It is possible that a competitive inhibition with
rospect to cofactor would be observed if zinc bound to NADPH
thereby resducing the effective concentration of the cofactors
There ars sevsral sites on the cofactoer where zinc could bind,
for example,; at the adenine group (Wallenfels and Sund, 1957) or
at the pyrophosphate group (Kosowery 1962). It was shoun
earlier that the 5 a~reductase requires an active thiol groupe.
The order of divalent cation inhiﬁition and thse reversal of zinc
inhibition by dithiothreitol suggestaed that thesé cations hind at
a thiol group, It is, thersfuoure, much more likely that zinc
binde to a thiol group at, or near to, the cofactor binding site
than to the NADPH itself, Many oxidoreductase enzymes are
known to possess thiol groups which may play a role in catalysis
(Jocelyn, 1972). Results presented in Section €.3. and C.4.

indicate that human prbstatic S¢ —reductase may be an enzyme of
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this type, Frederiksen and Wilson (1971) present an order of
inhibition by divalent cations o? the rat prostatic nuclear
fraction Sa ~reductase consistent with that expected if these
éations inhibit by mewzcaptide formation with thiol groups.
Roy (1971) found that rat prastatib micros2mal 50 ereductase
was strongly inhibited by 10”4m p-chloromercuribenzoate, but not
by 1Cm3M lodoacetate or N-stiiylmaleimide, Rat liver § ¢ereductass
is‘also strongly inhibited by p-chloromercuribenzoate and this
inhibition can be reversed by glutathione (5 % 1Dm3N)[NCGuira
et ale, 196@L

| It is of interest to note that 5 aw~rseductase activity
is slightly inhibited by oephenanthroline (Table 16 );a reagent
which can also‘reverss zinc inhibition effected on this enzyme .
(Table 18 and Figure 16 ). This agent forms complexes with
metals and is widely used as a chelating agent, particularly for
zinc and ferrous ions (Vallee, 1960). Rabbit nwuscle fructose-i,
Bndiphosbhate aldolase is inhibited by this chelating agent
(Kobashi and Horecker, 1967). fFructose~1,b6-diphosphate aldolase
from rabbit muscle, however, is not considered to be a metallow
enzyms (Rutter, 1964)., Kobashi and Horecker (1967) considex
that the inhibition of fructoss~1;6-diphosphate aldolaso by
o-~phenanthroline is due to the oxidation of thiel groups to
disulphide groups by atmospheric oxygen, catalyzed by a metal -

6wphananthroline complex.

Since the 5 a-reductase may require an active thiol
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group faor activity, the oxidation of this group to a disulphide
by atmospheric oxygen; catalyzed by o=phenanthroline, may explain
why the 5 dereductase is slightly innibited by this chelating
aéante Furthermore, since the thiol group may be located
at or near the NADPH binding site of the enzyms, it could
participate in reducticn by transferring hydrogen from NADPH
to testosterone.

A posaible outline o% the process is shoun in Figure 24,
Glutathione reductase (Asnis, 1955),lipoamide dehydrogenase
are threae enzymes in which proof of this type of thiol group
involvemsnt, with transfar of hydrogen from the cofactor to the
substrate, hasrbaan pressnted, Conclusive proof of a mechanism
of this.type for 5 ~reductase, howsever, would require the use
of a purified enzyme preparation, and was considered to be besyond

the scope of the present study.

2. Zinc and Tts Relationship to the § a«Reductase Agtivity
in the Human Prostate

(a) Zinc Content of Human Prostatic Tissue

Many reports suggest that human hyperplastic tissue has
a high z;nc content while adenocarcinomatous prostatic tissus has
a.greatly reduced zinc level (ses Table 1 )a‘ Resuvits presented
confirm these observations (Table 11 and 20 ).

Unfortunately it proved impossible to include a comparison

batwean the zinc content of normal and hyperplastic human prostates
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Figure 24. POSSIBLE INVOLVEMENT OF THIOL GROUPS
IN 5cx-REDUCTASE ACTIVITY.
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in this study because of unavailability of normal tissue.
Although there are conflicting reports in the literature
(Mawson and FischérF 19525 Hoare gt _al., 1856) it would appear
that the level of zire; expressed as pg of zinc per mg dry
welght of ticsue, in thes hyperplastic prostate is slightly
gre=ter than the level in the normal gland (Schrodt st el.,
19643 Gyorkey et al., 1967; Gonick et al., 1969; Dh=ar gt al.,
1973), Since prostatic weight increases dramatically during
hyperplasia a much more apparent increase will occur in the
total zinc content of hyperplastic compared to normal prostate
glands, The accumulation of such a high amount of zinc in
the diseased organ may causs marked changss in the overall
metabolism of zinc within ths body.

A marked variation in the zinc content detected in
both benign hyperplastic and carcinomatous olands in the present
study was not due to lack of relisbility in thé experimental
method used for measuring zinc, The reliability of this method
is described in section Col.(c)e The variation in zinc content
is more liksely to bs due to different amounts of zinc rich
prostatic fluid stored in the samples analysed. The variations
detected are in accordance with results from many other situdies
(see Table 1 ).

| Since higher levels of zinc are found in hyperplastic
than in normal prostate glands, a relationship may exist between

zinc concentration and the degree of hyperplasia. No relationship;
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however, was round between zinc concentration and hyperplastic
prostate weight (Figure 20 ). Howsver, since the gland is
rarely removed completely during surgery prostatic weight may
not be an accurate indicator of the extent of hyperplasia,
Likewiss, patient age did not bear any rslationship to the zinc

content of the removed prostate glands,

(b) Distributicn of Prostatic Zinc

While studying zinc distribution within the human
hyperplastic prostate consideration was given to the extracellular
fraction. This was considercd important since it is likely
that high concentrations of zinc are stored in the extracellular
compartment (i.e. lumén) of prostatic epithelium (Maquinay et al.,
1963), To removs this compartment the prostatic mirice was
thmfoughly washed with physiological saline prior to subcellular
fractionation, This washiqg procsdure may alsn remove small
amounts of cell debris; blood contamination and intracellulax

fluid from demaged cells,. The prostate gland, howaever, is rich

in gtored sscretion, If & sample of surgically removed prostate

is squeezed a relatively large volume of fluid can be forced out
of the tissue. Tt is tharefore felt that a large proportion
of the fluid removed during the saline wash will be of extracellular
origin, The saline wash also serves to prevent artifactual
results obteined by tha possible re-distribution of extracellular
zinc during subeellular fractionation.

Investigation of the distribution of prostaéim zine

within cellular fractions revealed that zinc is mainly located
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within the soluble portion {(extracellular plus cytosol fractien)
and the crude nuclear fraction, These findings are in partial
agresmant with the distribution of zinc-65 in subcellular fractions
isolated from human hyperplastic prostatic tissue after incubation
of tissue homogenates with zinc~65 (Reed and Stitch, 1973),

Dhas et ale (1973), however, obtained much lower values for the
proportion of endogenous zinc in the cytosol fraction isolated
From human hyperplastic prostatic tissusg, No explanation can

be offered for the ditferent zinc distribution obtained in the
latter study. Endogenous zinc levels measured in subcellulaf
fractions isolated from the rat (dorso-lateral), monkey and dog
prostates (Kar and Chowdhury, 19665 Webb et el., 1973) are also
consistent with the zinc distribution reported in the present
study. No allowance was made for sinec content of the
extracellular fraction in any but the present study.

It is to be expected that zine, 2 known compnnent of
prostatic secretion,; should bs present in the soluble portion of
prostatic tissue, The high zinc content of prostatic nuclear
fraction, howsver, fequires some comment, Again it should be
emphasised that zinc was not determined on pure nuclear
preparations. Interpretation o?'reeults must therefore, be
approached with caution. Histnlogical studics of thié
tissus have rsvesled that nuclel stain intansely for zine
(Gyorkey st _8le, 1967). Another none—destructive technique,

using anm electron microscope microanalyser, has confirmed that a
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large portion of rat prostatic zinc is found within the nucleus
(Chandler st al., 1974), 1t is concluded, “herefore, that
although the proportion of zinc fournd in the nucleor fraction
in the present study may be an oversstimute, it is probable
that zinc is a component of hyperplastic prostatic nuclei.

Nuclear fractioms of othar male reproductive tissues
are also capable of concentrating divalent catiuns similar to
zinc, In two studies where cadmium=109 was injected into
rats, approximately 40% of the testicular radicactivity was
localised in the nuclear fraction (Chen st _al., 19743 Johnson
et al., 1970), In tissues such as liver, which contain a much
lower level of zinc than that found in the hyperplastic prostate,
approximately similar subcellular patterns were found with a high
prﬁportion of cellular zinc detected in the nuclear fraction (Thiers
and Vallee, 1957). . There are several important zinec metalloenzymes
present in the cell nuclesus such as DNA polymerase 1 (Snringgate
et _alc, 1973), but it is unlikely that these contain much of the
nuclear zince.

The high zinc level in prostatic nuclei may be a
consequance of the high concentration of zinec found in the cyteplasme
The eaccumulation of nuclear zinc méy oceur as a result of the uptake
of zinc from a zinc saturated cytoplasm due te binding of zinc-
to non-specific sites, Studies, similax to those of Bryan gt al.
(1974) on the intranuclear binding of H92+ in rat liver could help

to elucidate whethcr nuclear zinc plays a functional role in the



biochemistry uf the prostatic nucleus,

(¢) Relationship Behween Frastatic Zinc and 5o ~Reductase
Activity

Ag shown in Figure 22 a significant inverse relationship
exists between the zinc content cof fresh hyperplastic prostatic
homogenates and 5¢ —reductass activity; This reliztionship is
also apparent mithin uifferent aréas of three out of the four
hyperplastic prostate glands studied, although statistical analysis
would be invalid due to the small number of experiments psrformed
on individual glands. In ane prostatic sample, a negative
relationship between zinc content and Sa ~reductase activity was
not Found, Histological examination revealed that this.gland
was infiltrated with an anaplastic malignancy. This is an
extremely rare condition to be discovered in surgically removed
prostatic tissue. A malignancy of this type is associated with
leukemia and not with prostatic dissase. Properties of this
tissue would not be expected to bear any similarity to normal,
hyperplastic or adenocarcinomatous prostatic tissue.

It is rather unfortunate that normal or adenocarcinomatous
tissue was not available for a study of the relationship betwsen
zine and 5 q-reductase activity.  In the latter cus8, housver,
results similar to those described in the case of anaplastic
mal;gnancy may be expected due to the lower zinc levels (Table 1 )
and decreased 5 q—-reductase activity (Giorgi et al., 1873) in
adenocarcinomatous tissus, It is regretted that, although gross

histnlopy was performed on prostatic samples, no information was
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available as to the precise histological nature of the tissus
sections removed for homogenisation. A more careful histological
analysis may have revealed more Information such as relationship
- between zinc and Sa ~raductase activity and epithelial content of
the tissuc undsr examination.

Considering the high z;nc concentration present in
the prostate it must be assumed that this tissue has a High affinity
for zince When zinc was added to prosﬁatic thogsnatés tha
resulting inhibition of 5ua =reductase activity (Figure 23 .)
ooccurred in the same range of zinc concentrations as that seen
for nuciaar and microsomal incubations (Figures 13 and 14 ).
This implies that any binding components which may bs present in A
the homogenate are saturated with zince. If this was not the case
zinc added to homogenate incubations should immediately bes bound
to non=saturated zinc binding sites present and hence probably be
unabls to inhibit the Sa ~reductase. In this situation zinc
added to homogenate incubations should inhibit the 5o ~reductase
at a higher concentration than zinc added to nuclear end microsomal
ingubations which are unlikely to contain the zinc binding
component responsible for the accumglation of zinc within the
prostatic cell, This explanation for..the experimental results
reported assumes that bound zimec is unable to inhibit the 5¢ =raductase.
Although this is probable no further svidence is available to

confirm this hypothesis,



(d) Hynotheticsl Feadbacl Control Effected by Zinc on
5 g-Redusgtase Actiuvity

Results of in vitrao experiments carried ouv in the
prasent study show that (a) an inverse relationship occurs between
zinc content and 5 amfeductase activity, (b) prestatic homogenates
may be supersaturated with zimc and {(c) prostatic 5 o-reductase
is a zinc sensitive enzyms, probably by virtue of an active thiol
group at or ﬁear the>NADPH binding site, This information leads
to the suggastion that, in vivo, prostatic 5 awreducfase activity
may bhe controlled by the concentration of zinc within the tissue.
The results of an independent study by Habib et 2l, {1975} &ve also
conzistent with this proposal, These workers showed an inverse
relationship between preostatic zinc and the level of dihydrotesstosterons,
the product of the S5x ~reductase enzyme, in human prostatic tissus,
In a gland, such as the prostats; where secretory materiel
is both synthesized and stored in preparation for episodic ralease
some type of fesdback centrol must existe Thie feedback system
must maintain secrstory stores within rarrow limits and must permit
rapid accumulation of stores to follow releass. A hypathesis
involving zinc in 8 feedback control of prostatic secretion is
postulated and illustraied in Figure 25, Upon zntry into prostatic
epithelial cells testosterons is rapidly converted, by the 5% --reductase,
tq dihydrotestosterone, Dihydrotestosterone; bound to a specific
receptor,; is transferred to the nucleus where it stimulates the
synthesis of a speciic messenger RANA, The dihydrotestosterone

initisted message is then Lramsfcored back to the cytoplasm where
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it is franslated into a protein which has a high a¥ffinity for

zince Reed and Stitch (1973) have isolated and purified such

a protein from human hyperplastic prostatic tissue, The zinc
binding protein may be responsible for the accumulation of zinc

from the paripheral plasma into the epithelisl cells against a
concentration gradient, As the epithelial cells and lumen

become salurated with zinc ths S ;reductase will be inhibited

by zinc, and this in turn will reduce the amount of zinc binding
protein synthesized and reducs zinc uptake., Upon ejaculatien

the prostatic secrstion containing much of fhiﬁ zinc is removed

and teetosterons is again able to be reduced to dihydrotestostsrone.
Thig prostatic system may bs somewhat apalagous to that suggest@dr
by Larkins et alc (1974) who suggest that as calecium sccumulates )
in kidney tubule cells, it inhibits the hydroxylation of
25=hydroxycholecalciferol to the active 1,25~dihydroxycholecalciferol,
The latter hormons is involved in the synthesis of a calcium

binding protein by the tubule cells,

(e) Further Considerations

Although the hypothesis presented in Figure 25 provides
a rather attractive evplanation for the way in which preostatic

secretion is controlled there are several considerations which

cannot be ignored, For instance, the prostatic tissue used in
this study was hyperplastic and not normal. Although benign

hyperplasia is a disease which affects the size and number of

prostatic epithelial cells and in some cases fibromuscular
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elements, the secrelory processes of the gland are not markedly
impairedu It is therefore possible that the system involugd
in the control of prostatic secretion is similar in both normal
aﬁd hyperplastic glands,

Artifacts may be produced by the use of tissue
homogenaltese Duriryg homogenisation considerable disruption
of the prostatic cells occur which result in redistribution of
gallular components, In this disrupted state prostatic zine
may be capable of inhibiting 5a =reductase activity. There
is no connlusive evidence, however,; that in vivo, where there is
no disfuption or redistribution such an inhibition would taks
place,

Methods which might partially overcoms this problewm .
could inveolve incubations of SHwtestasteroﬁe with prostatic

Suel

preparations which had not been as extensively disruptedyas mince
or slice incubations, Because of "the heterogeneity of human
prostatic tissuae, hdweverg it would be extremely difficult to
relate § gw-reductase activity to zine content, In homogenats
ingcubations this problem is partially overcome since a homogensous
“preparation is obtained, Much of the stromal and connective
tissue is also removed from this preparation by filtration,

Addition of resgents (EDTA, o~phenanthroline and
dithiothreitol) which are known to resverse zinc inhibition of
the 5« —reductase in nuclear and microsomal incubations, did not

markedly stimulate reduction in prostatic homogepates. It is
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possible that either these agents are deactivated during
homogenate incubations before being able Lo act on the

5 G-recuctase or tha® some other agent (the zinc binding
protein?), which has o relationship with prostatic zinc,
can inhibit the 5¢ «reductase. Citrace, which is related
to zine in the human prostate (both are components of
prostatic secreticn) nas been eliminated as a compound

able to inhibit 50 -reductase (Table 16).

Prpstatic ecyltoplasm, which is knoun to contain a
high preportion of the intracellular zinc (Figure 21) did not
inhibit 5@ =reduction when added to microsomal incubatiors,
Heated cytosol fractiun, houwsver, was capable of inrhibiting
S5a ~reductase activity (Table 25 and 26). The innibltory
factor present in heated cytosol could be removed by passage

through a cation exchange column, a pracess known to remove zinc.

(f) Concluding Remarks

Mugch future research is necessary to e¢larify the
feedback control hypothesis outlined in Figure 25 and to
explain the contradictory observations outlinad in Section {a)
ahove, It is assumed that in the human prostate the zine
binding protsin is under androgenic control via the nucleus,.
Theze is no experimentsl evidence presented for this, howsver, and
other possibinlities exist, Dihydrotestosterone could cause the
accumulation of zinc by causing the. conversion of pre-zinc

bhinding protain to an active zinc binding protein.
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The inhibition of the 5 e~reductase by zinc may be of a more
complex nature, Calecium inhibition of kidney 28,hydroxy=
cholpcalcif‘efolw’[mhyu'roxylase9 for example, may be associated
with caleium influx into renal cells (Larkins et al,, 1974).
Depression of 5« —reductase aqtivity by zinc may riot bs dus

to a direct effect on the 5« urBQUctasé activity bthmay resull
from decreased synthesis of the enzyme. In this context

Webb st ale (9973) have shown that protein synthesis by
polyribosomcs isolated from dog and rat (dorso-lateral)
prostates may.be modifiad by zinc,

An experiment that might provide useful information
concerning the feedback centrel eof zinc on 5 =reductase
activity could be performed on the dog. It is known that
pilocarpine hydrochloride will causse stimulation of prostatic
secreticn if injected intc male dogse For example, one hour
after administration as much as 60ml fluid has been shown to be
discharged from the gland (Huggins, 1945 and 1947). In this
situation 5 a-reductace activity should be greatly increased
within the gland due to a reduced zinc level.

Perhaps some questions concerning the androgenic
control of prostatic secretion in the human prostate gland will
remaln unanswersd until a more convenisnt system is developed
for the biochemical study of human prostatic tissue, Surgically
removed hyperplastic prostatic- tissuey; as used in the present
Qtudy, is extremely heterogenecus and contains varying'amnunts

of wpithelial and stromal components. This leads to problems
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when comparing and interpreting results from different experiments.

Another problem is that most research carrisd out on
quan hyperplastic prostate is hampered by lack of knowledge
as to whether the results obtained apply to normal or only to
diseased i1issue, Difficuities occur in comparing results
with experiments with fresh normal prostatic tissue which is
extremely difficult to obtain. The great diversity in
reproductive biochemistry may make compérisun with normél
prostatic tissue from other mammals unhelpful, The best
nompafison, however, could hbe wiﬂh normal dog prostatic tissue
since the dog is the only other species known with a high
incidence of prostatic hyperplasia. If biochemical informatinn;
is not availahble from normal human prostates results of experiments
with hyperplastic tissue, although of importance in themselves,
are unlikely to shod much light on the nature of prostatic
hyperplasia.

Further difficulties arise from variations in
parameters such as age, general health, prostatic weight,
nutriticnal state, drug therapy and environmental status of
patientse Reynolds and Dingle (1970) have used an nrgan
culture system to study the effects of hormones and other agents
on the movement of calcium into and out of bona. K similar
system has been developsd for the rat prnsfata (Lasnitzki and
Franklin, 1972), It may be thalt tha use of an organAor cell

culture technique, which would by~pass many of the practical
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problems inherent in the present approach, would facilitate
further investigutions inbto the relationship between zinc

and androgen metabolism in the human nrostate gland,
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