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ABSTRACT

Benign hyperplasia and .Carcinoma of prostate are pro-
static disorders commenly found in aging males, . Thess dis-
orders are reported to be le'ss common amongst Nigerians,

though there has been no concrete pathaphysiological

"evidence to support this observation.

The exact aetioclogy of these aisorders has not been
resolved, but some factors have beeﬁ identified as being
contributory to their develonent. Amongst these factors
are androgenic hormomal control and the influence of some
trace-elements on the metabolic activities of the gland.

We investigated the interrelationship between these
factors in Nigerians with a'view to elucidating any physio-
logical differences that may exist between Nigerians and
other pec¢ples.

" Qur results showed that the extracellular hormonal .
millieu of the prostate gland in Nigeriaﬁs is not signifi-
cantly different from those of Caucasians in Europe and.
North America. Plésma testosterone levels in healthy
Nigerians, aged bet.,ween 50 and 90 years (15.5+0.4nmol/1 SE)
is comparable to the levels reported for caucasians of a;

similar age group in Germany and England. This level is

..also significantly higher-than-the levels in age-matched

cancer patients (10.910.7 nmol/Ll) (P G.001), but not
slignificantly different from ﬁhe levels in age-matched BPH
patients (14.9_4:_0.14 nn.ictsl/l SEy P>»0.10}., Levels of other
androgens were not different between the three groups.

Plasma levels of zinc were higher in BPH subjects and lower

in cancer patients compared with healthy controls, while
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plasma cadmium was higher in cancer patients.

Intraprostatic DHT was elevated_in hyperplastic tiassues
(4.9+0.2 ng/g) relative to normal tissues (1.7+0.18 ng/g)
and malignant tissues (1.7+0.2 ng/g). In contrast, testos-
terone and A-Dione were found in greater concentration ;n
malignant tissues (7.9+0.6 ng/g and 4.6+40.3 ng/g respec-
tively) than in BPH (0.5+0.3 ng/g; 0.2+0.01 ng/g) and normal
tissues (6.310.05 ng/g; O.2i0.b3 ng/gl.

Zinc was significantly concentrated in hyperplastic
tissues (17.9+0.6 umol/g or 1170+39.2 ug/g) and Normal
tissues (12.1i6.8 umol/g; 791+55.5 ug/g) than in malignant
tissues (2.9+0.4 umol/g; 189.6+26.1 ug/gi. A greater pro-
portion of zinc and DHT were locéted in the nuclear frac-
tion of hyperplastic- tissues. In contrast, the cytoplasmic
concentration of zinc was inversely proportional to DHT
;oncentration in these tissues. Cadmium accumulated more in
"malignant tissues (28.910.37 nmol/g) compared with normal
(3,8i0.63 nmol/gj aﬁd hyperplastic tigsues (14.6+1.1 nmol/gj.

These_result% suggest an interrelationship betwéen Lhe
concentration of éinc and accumulation of DHT, especially in
the nucleus of hyperplastic tissueS

Results of in Vvitro experimental studiesg involving
additions of varying concentrations ﬁf exogenous zinc and
éadmium aptly suppofted the above findings. Additions of
low concehtration (107> to 10'1?M) of exogenous zinc
enhanced the ac%gvities of Sofreductase and 3 hydroxy-
steroid dehydrogenase (Reductase} in the conversion of
testosterone to DHT and DHT to 3«diol in hyperplastic

_tissues, whereas concentrations nigher than 10-5M inhibited

the reaction. Similar results but to a lesser degree were -
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obtained with carcinomatous tissues. Experiments with

cadmium also showed similar effects on the transformation

of testosterone to DHT.

- This study shows that'the‘;ngggcellular_anﬁ extra= -
cellular hormonal environment of the prostate gland in
Nigerians is not different from that of Europeans. Howe§er,
the interrelationship between plasma and tissue concentra-
tions of zinp and androgens, appears to affect the levels of
androgens available to'the prostate, which in turn could

promote or prevent'the processes culminating in prostatic

disorders.
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CHAPTER 1

1.1. GENERAL INTRODUCTION

The Adult Human Prostate - Anatomicai Development and

Pathogenesis of i1ts disorders

The adult human prostate is a musculo-glandular organ
which is in contact with the inférior surface of the blad-
der and is closely linked with other male sex accessory
organs (Fig. 1.1 page 3). The gland reaches the adult size
in the third decade of life when its average weight is 20g.
However, by the age of 40 years, the muscles of the gland
bégin to change and the running fibres condense into a
kind._ of septum which tends to divide the acini into "inner"
and "outer" zones. With advanciag age, the division
becomes increasingly distinct and the behaviour of the

zones, cn either side of the septum tends to differ. Thus

thesé zones‘have been closgely linked with later development

' of prostate digorders,

The prostate in the aging male is susceptible to hyper-
plasia and malignancy, unlike other male sex

accessory organs. The earliest and most constant manifes-

"tation of hyperplasia is the presence of lateral stromal

nodules which arose within the tissues lying both proximal
to the verumontanum and in close proximity to the cylindri-

cal urinary Sphincter (MCNeal, 1978). Other nodules formed

“in the area anterior or ventral to the urcthra may develop

progressively into massivcly‘enlarged glands (Fig. 1.2
page 6). In contrast, the majority of prostatic cancer is
now known to arise in the peripheral or ;ubcapsular tissue

of the gland (frank, 1973, Whifemore,.?QTS).
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Incidence of Prostatic Disorders:

- -  Simce the recognition of benign prostatic hyperplasia
(BPH) and Carcinoma of prostate (CaP) as pathological dis-
orders of the prostate gland, it has-been the generakl
belief that these disorders are commonly found in aging
males, especially after @he seventh decade of life. How-
ever, studies have documented these disorders in age groups
younger than 50 years in both blacks and cauncasians {(Amaku,
1976; Levine and Wilchinvsky, 1979)71_

It is remarkable that these disorders are occurring
more commonly amongst Black Americans and they manifest
themselves a decade earlier than in Caucasians (Levine and
Wilchinvsky, 1979; Schuman and Mandel, 1980; Thind et ai,
1982). However, a lower incidence rate than in Black
fAmericans and Caucasians has been reporhed for Black
Africans {(Jackson, Ahluwalia, Herson et al; 1977; Ahluuzlia,
Jaégéoﬁ, Jones et al, 1981; Thind et al, 1982). Blacks in
Bulawayo (Zimbabwe)} have the highest obsefved incidence rate
of CaP amongét Africans (32.0/100,000 population} but tﬁis
figﬁre is much lower than for blacks in Newark (NJ USA)
which recorded 67.5/100,000 population (Thind et al, 1982).

Reports on Nigerians showed an even lower incidence of

10.0/100,000 population (Thind et al, 1982).

-+ - — However, studies in Nigerians have documented higher

incidence of prostatic diseases in the population, contrary

. to above reports {(Amaku, daRocha-Afodu, Elebute, 1971}).

These authors reported an incidence rate of 18.0/10,000
admissions for CaP, a situation similar -to that reported
for Eurcpeans in England (Riches, 1962}. The observation

that incidence of prostatic disorders in Nigerians may be
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higher than hitherto reported, appeared confirmed by

#awani,'Nkposong, Aghadunc and Akute (1982). Their report
i

based on admigsions of tumours of Genito-Urinary tract into
UCH, Ibadan between 1960 and 1979, recorded a frequency

rate of 46.7% for CaP out of all registered cases of

! .
genito-urinary tract tumours.

Benign hyperplasia of prestate has also been observed
to be on;the increase among blacka (Schuman and Mandel,
19801} ; ﬁhis disorder had earlier been recogniscd as a
common cause of prostaftic obstruction in Nigerians (Amaku

)‘ et al, i971).

Regardless of the relative incidence of these diz-

orders amengst various population, it is of the grealest
.interest'for us to understand the zsehiological factors in

their pathogenesis.
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Studies of Aetiolegical Factors:

It has lLeen established that the human prostate
requires androgens for its normal development, hence there
is a general belief that testicular hormones must play a
‘ritical role in the developmert of prostatic discrders.
This belief was reinforced by the absence of prostétic dis~-
orders following castration. However, reports of deHermina»
ﬁions of circulating levels of testicularlhormones hgve not
established a causal associlation hetween plasme andrggens
and prostatic disorders.

Reborts by Ofner (1970; that testoesterone is mefjabo-

lised in human prostate to dihydrotestosterone (DHT} ‘gave
indications that the changss resulting in disorders may be
initiated within.the gland itself. Therefore, determina-
ticne of the copcentrations of-testosteroﬁe and itls
metabolites were undertaken; and there is now a concepsus
that accumulaticn of DHT in the gland may be causal to the
development of hyperplasia {Isaac, Charles, Brandler,
Walsh, 1983). What is not known precisely is whether the
DHT accumulation is the consequence of increased enzyme
activity (SG(réductase) or a defeﬁt in the further metabo-
lism of this hormone.

Human prostate also conftains a very high concentration
of zinc (Leissner, Fjijelkagard, Tissel, 1980; Tizell,
Fjelkgard, Leissner, 1982Z). The concentration of zinc in
thisz gland is androgen-dependent (lLeissner et al, 1980},
thus suggesting a link‘betwéen prostatle zinc and androgens.
Many studies have examined ithis relatxonship without con-
clusive results (Wallace and_Grant, 1975, Habib, 1978).

Therefore, in the following pages, some of bhase
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| reports as well as studies of other biochemical factors are

‘ reviewed, and a framework for investigation of these
!

' factors in Nigerians ¢3i5 proposed. It is hoped that this

study will elucidate the cortributions of androgens to the

develepment of prestatic disorders in Nigerians, and the
roles of zinc and cadmium in promoting or preventing these

dicordars.
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REVIEW OF LITERATURE

There have been inconclusive results regarding
possible factors responsible for initiating the processes
which culminate in the development of hyperplasia or malig-

nancy of human prostate. However, some contributory
i

indicators have been identified and explanations are |lbeing

sought for their roles. These include amongst others
(1) The endocrine control of prostate through the circula-
ting androgens and possibly oestrogens, in view |[of the

absence of BPH and CaP in men who are castrated jor who

deﬁelop hypopituitariszm before the age of QQ years
(Moore, 1944}. Besides, there igs the widely helh
beliief that thé disorders occur in men at the age when
androgen secreticon is on the decline (Vermuelen,

Rubens and Verdoneck. 1972).

(2) The metabolic processes in the prostatic cell resulting
in accumulation of intraprostatic androgen concentra-
tion, especially at the molecular level.

{3) Thg roles cof some trace-elements (Zinc, Cadmium, etc.)
in modulating the metabolic processes in the prostate
with the resultant accumulation or depletion of hor-
mones recquired for normal prostate development and
physiological functions.

These factors have been investigated in the recent

past in different perts of the world and it is now pecssible

to revicw the accumulated evidence and to propose a hypo-

thesis as the basis of this study. Houesver, the involilvement
ul veher {faciory (race, genetics, diet, étc.) has been

pusculiabed LUL Llese WiLll nou be reviewed in any detail
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since they are not relevant to the present.study.

Androgens and Prostatic Disorders

That the growth and functional differentiation of the
known for many years. John Hunter in 1792 provided the
earliest experimental evidence by showing that castration
resulted in decrease in_the size of the prostate glands.
The report 5y Huggins and Stevens (1940) that castration of
BPH patients produced histological atrophy of the prostate,
not only confirmed earlier reports, but alsc provided the
evideﬁce for androgen involvement in prostatic diseases.
Further evidence of thé dependence of prostate on continued
androgen stimulation-was.providéd by Brandes (1974), who
;howed fhaf éhdrogen déﬁrivation induces structuralfchanges
resulting in decrease o; loss of metabolic and functional
;ctivities; a situation which was reversed by administra-
tion. of testosterone., The major circulating piasma androgen
is testosterone, which is secreted principally by the
Leydig célls of the testis in response to stimulus from
luteinising hormone (LH). Thé involvement of other gonado-
trophins, especially prolactin} has been speculated and
_fgporﬁskof pggyran;mal_ggpgi;ments have inferred a syner-
gistic relationship betﬁeen androgens and prolactin in
promoting prostatic growth {Aragona, éohnet and Friesen,
3977)? ,Howevér, this relétibnshiﬁ has not been conclusively
confirmed in humans.

Besides testosterone, there are other androgens in
periphéral circulation. Some of these androgens are
derived partly from testicular seéretion and partiy from

the adrenals. Other sources of these androgens include
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pelipheral megabolism and interconvertibility of testoste-
ro&el(Fig. 1.?, page 13}. These androgens include
\D;hydrotestos;erone {DHT) - é more "potent" androgen (than
ttestosterone); androstenedione (A-Dione) androstaﬁediol
{Dicls) and dehydroepiandrosterone (DHA). Studies by Ito
and Horton (1?71) and Ishiamaru, Pages, Horton (1977) have

shown that between 70 and 80% of circulating DHT in
ﬁealthy males is derived from peripheral metabolism of
testosterone, while androstenedione is interconvertible

with testosterone (Tremlay, Kowarsk, Park and Migeon, 1972,

McDonald, Madden, Brenner et al, 1379).
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It has also been shown that DHT is further metaboliied
to epimeric androstanediols. Furthérmore, 178 -oestradiol

is obtained through the activities of 1?f§hydroxystcroid

dehydrogenase enzyme,

) All thaﬁpieces of evidence suggest a very close rela-
tionship between testostercone, its metabolites and oestro-
gens. In fact, it has been suggested that the physiological
Cénsequegces of testosterone ar€ g combination of the effects
of testosterone, its' metabolites and oestrogen deri%atives
(Wilsoﬁ, 1975). The?efore, a large gumber of studies have
been undertaken to elucidate the endocrine milieu which may
be conducive to the promotion of healthy prosfatic‘fuhction.
or protéction against prostatic digzgse, by determining the
plasﬁa leveis of tﬁese androgens in both healthy males and

: - in those with prostatic diseases.

- Therefore, the question may bg;ésked. De bhigher or
lower levels of circulating testosterone or other androgens
directly or indirectly promote or prevent the déve}bpment

"of prostatic diéorders? If these were so, detnrmjnaticns
of the levels of plasma androgens should be a discriminant
between healthy males and patients with prostatic diseases.

Reports of several studies, in-this regard, have been
inconclusive.

Plasma Androgens in BPH

Giusti, Gonnelli, Borrelli et al, {(1975) have reported
that testoesterone level is decreased in spermatic vein with
" advancing age, thus advancing the expectation of low placma

testosterone levels in elderly BPH. Hence earlier studies

-

' lasma )
* from the U.S.A., showed significantly lowgrL}estosterone

levels in BPH compared with age-matched healthy men
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(Farpsworth, 1971), and healthy young men (Horton, Hsieh,
Barberia et al, 1975; Ishiamaru et al, 1977). Later reports

from Scandinavia and Britain, however, contended that there

were no significant differences in plasma testosterone
levels of BPH and age-matched healthy men, (Vermeulenjy
Rubens and Verdonck, 1972; Ghanadian, Lewis, Chisholm and
O'bonoghue, 1977), while other investigators from Finland
and Germany recorded higher testosterone levels in BPH
compared with the levels in age-matched controls (Hémmond,
Kontturi, Vihko and Vihko, 1978; Bartsch, Becker,
Pinkerburg and Krieg, 1979; Lukkarien, 1980).

Similar determinations of circuldting levels of other
andrggens have also not been helpful‘in elucidating the
role of plasma and;ogens in prostatic disease. Some
studies reported higher plasma DHT levels in elderly BPH
compared witlr healthy young men (Ho;ton et al, 1975;
Ishiamaru et al, 1977) and compared with age-matched
healthy men (Vermuelen and De Sy, 1976; Ghanadian gt al,
1977; Hammondet:al; 1978, Bartsch et al, 1979). Other
reports maintained that there is no significant difference
in DHT levels between BPH and the healthy group (Habib,
Lee, Stitch and Smith, 1974%)Lukkarien, 1980). Furthermore,
plasma levels of A-Dione and 3xdiol have similarly not been
found.to'ﬁe significantly different in BPH patients and
healthy young men or age-matched controls {Habib et al,

3

b ;
197é9 Vermuelen and De 3y, 1976; Bartsch et al, 1979;

'

Ghanadian and Puah, 1981).

Plasma Androgens in CaP

Though the clinical treatment and management of CaP is

based on the concent of androgenic hormone dcpendence of
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the tumour, determination of plasma androgen levels has not
been helpful in éssessing the endocrine milieu which may be
conducive to the growth and spread of a primary tumour of
the prostate.

Thus most of the sbtudies did not show any significant
difference in plasma testosterone levels between age-
matched healthy men and untreated CaP patients {Moon Jnd
Flocks, 1976; darper et al, 1976; Habib et al, 1976;
Ghanadian and Puah, 1981}.

Robinson and Thomas (1971) reported lower testosterone

levels ip patients witn advanced stages of prostatic dancer.

Furthermore, the detailed study by the British Prostatfe
Study Group (1979) did establish that testcsterone levél is
net a good discriminator of CaP, nor is it a good monitor
of the progression of the tumour, since there is a conside-
rable variabilit& in plasmé testosterone levels in both CaP
patients and healtly controls. However, there appears to
bé consensus that administration of oestrogens to CaP
patients lowers the plasma testosterone levels considerably
(Robinson and Thomas, 1971; Editorial, Lancet, 1980}.
Studies involving the determination of plasma DHT,

A-Dione and 2o Diol have also reported similar results for

- both CaP patients and healthy wmen (Harper et al, 1976;

Hébib et al, 197§? Hammend et al, 1978},

Therefore, from the above review, it appears that
ﬁlasma androgens may not have direct ef'fects on the deve-
lopment of prostatic disorders, though a permissive role
could not bhe ruled out entirely.

Plasma Androgens and Prostatic Diaeases in Nigerians

Following the reports which suggest low incidence of
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Hrostatic diseéses in Nigeriéns compared with cther black-
Jen and Caucasians (Jackson et al, 1977; Ahluwalia et al,
5981), sone éttentiOn has been focussed on the hormonal
envivonient bf the prostate of the Nigerian male, especial-
ly the circuiating androgens (Ahluwélia et ai, 1981) .

i

Reperts from.such studies showed that plasma btestosterone
"levels in Nigerian heélthy males are significantly lower
than the levels in either Black Americans or Caucasians
{Jackson et al, 1977; Ahluwa;ia et al, 1981}). Furthermore,
plasma testosterone levels in Nigerian CaP patients are not
only lower than the levels in healthy malgs but are also
tower thar the levels in age-matched Black American CaP
patients {(Ahluwalia et al, 19871). It is significant that
the levels of DHT are not different between the American
and Nigerian patients and controls.

However; in the absence of any other reports of andro-
gen levels in Nigerian BPH and CaP patients and healthy
males above 50 years old, the speculation on the androgen
status of Nigerian males vis-a-vis proestatic disorders,
reﬁains unproven. Though avéiiable reports suggest that
plasma testosterone levels 1In heélthy Nigerian males
between 16 and 45 years are not significantly differcnt
from the levels reported for Caucasians {(Dada and Nduka,
1980; Bolarinwa and iAndy, 1982), nevertheless there is a
need to re-~examine Lhe androgen status of the Nigerian
males especialily betwéen 50 and 90 years, when the inci-
dence of prosiatic disorders could be expecited to increase.
This should involve the determination ol plasmé levels of

testosterone, DHY, A-Dione and 3o diol in BPH and CaP

patients compared with age-matched healthy weles, with a
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view to elucidating the role (if any) these androgens play
ih prostate pathology in Nigerians.
{ ' .

! Tt is still a subject for debate whether peripheral
ﬁlasma 1e§els of hormones reflect the physiological state
of the target tissue, This is. why some believe that deler-
mination of intracellular concentrations of hormones is a
more Qaluable means of elucidating the biological effects

of these hormones and the physiological state of the pro-
i

state gland.

’ .
The Role of Intracellular Androgens in Prostate Pathology

Since available evidence suggests that circulating
plasma androgens may not be the stimulant for the develop-
ment of prostétic tumouré (Habib et al, 197&%)Wilson,1980},
it is logical to assume that certain changes might Dbe
initiated within the prostate gland itself.

Early indications that the hormonal environment in the
prostate gland is unique came from results of animal experi-
ments. Analysis of radicactive metabolities cbtained one |
hour following administration of radioactive testosterone
to castrated rats, showed over 90% as DHT in the prostate
gland (Bruchovsky and Wilson, 1968) and the translocaticn
of this metabélite into the nucleus within 2 hours has been
recorded (Fang, Anderson and Liao, 1969).

' Similar events have been shown to occur in human pro-
state with a high affinity binding of DHT in the glana
(Hansson and Tveter, [1971). A . However, the
suggestion that nuclear events in prostate gland are stimu-~
lated by DHT whereas androstancdiols influence cytoplasmic
processes (CGhno et al, 1971) appesar tu be an indication

that vhe accumulation of ihese metaLoliives may be luvorved
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in intraprostatic derangement. Therefore, the reported
elevétion of'DHT level in hyperplastic prostate compared
with normals -2nd the observed 2-fold increasecd concentra-
“tion in the éeriurethral areé compéred with outer areas of
the gland (S?iteri and Wilson, 19?05 generated infterest and
enquiriés inte the role of intraprostatic androéens in pro-

state pathology.

In this regard, many of the studies focussed attention
on the determination of the cqncentrations of androgens in
hyperplastic, malignant and normal prostatic tissucs as a
means of investigating the intraprostatic changes culminat-
ing in prostétic disorders, Many investigétors confirmed
higher DRHT conéentrations in BPH compared with either
normals or malignant tissues (Habib et al, 197@%)Krieg,
Bartsch, Janssen and Voigt, 1979). Geller, Albert, Lopez
et al;(19?6) found higher levels in older healthy subjects
(05-84 years) than in those less than 40 yeérs old, thus
implying that DHT could als¢ accumulaie in a normal gland.
The levels reported in these cases were, however, still
much lower than those obtained in clinical hyperplasia.

Studies of DHT levels in Carcinoma tissues have shown
lower ccncentrations than in BPH (Habib et al, 197&?
~Geller, Albert, Lopez et al, 1978; Ghanadian and Puah,
1981). Higher DPHT levels have bean reported in carcinows
tissues by Hammond (1978), but Krieg et al (1879) did net
find any significant difference betueen CaP and BPH lissues.

Low concenirations of testosterone have been reported
for both BPUH and normal preostatic tissues (Habib el al,
197&? Hammond, 1678; Krieg et al, 1979} and highar lLeveis

in malignant tissues (Habib et al, 1975? Hammond, 1978;



Ghanadian and Puah, 1981). However, Albert, Geller,
Geller and Lopez (1976} chtained higher teétosterone cone-
centrations in BPH compared with carcinoma tissue. Levels
of androstanediol {3e¢diol) were decreased in BPH compared
with normals (Geller et al, 1976; Hammond, 1978; Krieg et
al, 1979) while levels in carcinoma tissues were relatively
higher (Hammond, 1378; Kricg et al, 1979; Ghanadian %nd
Puah, 1981). Levels of prostatic androstenedione(A-Dione)
were higher in carcinoma tissue than in B?H and nomadls
(Habib et al, 197&? Hammond, 1278).

Further insight into intracellular changes in tHe

gland was provided byljnvestigation of subcellular cdncen-
trations of éndrogeq metabolites., Available reports éhoned
that concentrations of DHT werce higher in both nuclear and
cytogol fractions of BPE tissue, whereas 3« diol levels
were much lower-(Meikle, Collier, Middeton, Fang, 1980;.
There werc nc data on the subcellular distribution of other
metabolites in prostatic tissues.

Thus accumulation of DHT occurs commonly in BPH but its
depletion is the rule in carcinema. The low concentration
of DHT in malignant tissue is replaced by high concentra~-

. . : ' gx?
tion of testosterone and A-Dione (Habib et 21, 19767}.
However, it is not known whether these features represent
the conseqguences of intraprostatic derangement of androgen
metabolism, c¢r are the cause of these discrders. Which-
ever it is, determination of intracellular concentraticns
of androgens especially at the molecul.ar level, should be a
reflection of the hormonal envircnmeni. of the gland, and
could be valuable in identifving 2 Aigepsnd pland,

Therefore, in view of the reported low incidence of
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prostatic disorders amongst Nigerians, it is pertinent to
investigate the endocrine milieu of the prostate glands in
this population in order to elucidate the role of androgens
‘as a facter in these disorders.

Furthermore, since prostatic androgen concentrations
are the.res;lts of androgen metabolism in the gland, a
detailed study of the mechanisms of this mefabolism could
provide the explanationé for the different androgen concen-

trations observed in pathological prostates.

Androgen Metabelism and Disorders of the Prostate

BAccumulated evidence over the last two decades has

shown éonclusively that for maximum physioclogical acpivity

at the target tissue, testosterone must be metabolized to
several c¢losely related metabolites, among which DHT ig of
outstanding importance (Fig. 1.4 page 23) (Ofner, 1970},
Early studies of this metabelism demonstrated that testos-
terone is ecnzymatically converted in human prostate to
5x¢{B) androstane derivatives (Pearlman and Péarlman, 1961)
while Farnsworth and Brown (1963) shewed that the conver-
sion was principallj to DHT and 5« andrestane, 3t 17R diol
(3mxdiol), The enzymeg involved in these transformations
were later identified and characterized és S (B} reduc-
fases, 3 (B) hydroxy steroid dehydrogenases {an oxidase-
redﬁctase) and 17B hydroxy stercid dehydrogenase
(Chamberlain, Jagarinec and Ofner, 1966). Thus, it is now
kncwn that in human prostate, testosterone diffuses into
the prostatic cell where it is irrevefsibly converted by
Selreductase to DHT. The DHT so formed 1s partly complexed
to a cytoplasmic receptarenratein and nabtly fowmther moto.

bolised by 3 (B)-0HSD fo Rec (RY din}.  The NHT.pgnept-r
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cbmplex is translocated to the nuclear membrane, vhere it
is also atta&hed to a nuclear~receptor, prior to its being
dound to chrématin for appropriate biological process.
Some testosterone is alsc oxidised by 17B OHSD to A-Dione
(Fig. 1.4 pége 2§.

i

It has been suggesied that any derangement in the

above metabolic processes may result in accumulatien or

depietion of androgen content of the gland and that this

may cause disorders. Hence research efforts have been

focusced on the understanding of the mechanism of the meta-

bolic processes. Most of the studies in humans have
involved in zigzg_experiments, using prostate tissue homo-
genates and slices from normal, BPH and CaP patilcents, with
Qarious androgens as substrates. However, most ol the
results obtained have neither been conscistent with the
restuihs of intracellular androgen concentration in the sane
trssue, nor conclusive in explaining the role of androgen
metaboelism in prostate pathology.

Therefore, the question has been asked whether accumu-
laticn or depletion of androgens in prostate gland is g
consequence of increased synthesis or degradalion promoted
by increased or decreased enzyme activities. Hence, the
activities of these enzymeé especially at the molecular

level have been studied by many investigators.
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éc(reductase activity

I

. o, .

! This enzyme 1s regponsible for the initial ccenveérsicon
of testosterone te DHT in the cytosol and nucleus of pron-
tatic ¢ell. Earlier studies comparing ncormal and hyperpr-

-

plaspic Lissues did not record any differences in
50(réductase activity in the tissues (Shimazaki, Kurihara,
Ito and Shida, 1965; Siiteri and Wilson, 1970; Prout,
Kliman, baly et al, f976; Jenkins and McCaffery, 1974},
despite:the observation that hyperplastic tissue contains
high DHT concentration (Siiteri and Wilson, 1970; Habib et
al, 19?&? Krieg, Bartsch, Herzer et al, 1977). However,
more intensive studies have now established the fact that
high concentrations of DHT in hyperplastic prostate are
causcd by-incheased synthesis mediaﬁed by increased

5S¢ reductase activity (Djoseland, Tveter, Attramadal et al,
1977; Morfin, Distefano, Bercovici and Floch, 1978;
BruchOVSkf'and Liekovsky, 1979; Isaac et al, 1683). With
regards to malighant gland, resuits have been lesgs conclu-
sive. Some studies reported low So{reductase activity
(Habib et al, 19?&? Krieg et al, 1979), even though rela-
tively high DHT concentrations have been obtainéd in such

tissues (Hammond et al, 1978; Bruchovsky and Liekovsky,

1979). Krieg et al {1979) did not obgerve any significant

differences in DHT concentrations between BPH and CaP
despite the low 5o reductase activity in CaP tissues.
Therefore, it appears that accumulation or depietion of DHT
in the prostate glaﬁd may nect be due to Belreductasze acti-
vity élone, buf mav bhe inflvencred by other facterzs, zulll o

the concentrations of traca-metals in tho =land,
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éb&OHSD Activity
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fthe activity of 3oL (B) Hydroxysteroid Dehydrogenase (OHsD).

DHT is further metabolised to 3 (J3) diols, through

Therefore the éctiﬁity of this enzyme cbuld influence tha
concentration of DHT in the gland; Studies by Bruchowvsuky
and kiekovsky (1979) and Hudson (1982) have reported low
3k (P) OHsD activity in hyperplastic tissue. These results
are consistent with high DHT concentrations found in this
tigsue {(Geller et al, 1976; Ishiamaru et al, 1977). In
contrast, some reports maintained that the activity of the
enzyme remains high in BPH tissue (Farnswor;h, 1972; Habih
et al, 1979), while cthers could not demonstrate any
differences in zctivity belween normal and BPH tissues
(Shida, Shimazaki, Ito et al, 1975).

In malignant tissue, 3c(CHsD activity was low
{Bruchovsky andlLiekOVSky, 1979; Habib et al, 197&?.

178 OHsD Activity

The role of this enzyme in pﬁostatic disorders has re-
mained relatively uninvestigatéd‘ It may be important in
the prevention.of DHT accumulation in prostate - a common
feature in BPH gland. Availeble evidence now suggests the

predominance of 174 OHsD activity in malignant gland,

resulting in the accumulation of testosterome and A-Dione

in such glands (Habib et al, 1975? Hammond et al, 1978;

Krieg et al, 1979}. This cbservation is suggestive‘of
increased 1Tﬁ OHeD activity in malignant gland comnared to
BPH, though increased activity has also been reported in
nermal tissue (Morfin et al, 1978). The recason for the
lattar cbsérvation iz not Lliear bLul may be due te decreased

activities of 5S¢, reductase and 3o OHsD.
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Subcellular Activities of Enzymes

/. :Most ¢f the experiments reviewed above employed pros-
; i
#atic tissue homogenates, minces énd slices, whereas there
:appears to be a localisation of some of the enzymes in 3
particular gubecellular fraction of the prostatic cell,
Therefcre, further studies involving isolated subcellular
[ : '

fractions nave been undertaken, in crder to obtain greater

insight into the mechanism of androgen metabolism in human

prostate.

{

Though 5«(reductase is particularly active in cytosol
where the primary conversion of testosterone to DHT takes
place, a nﬁclear Sl reductase has been isolated (Wallace
and Grant, 1975) even though its role in vive in this frac-
tion - is less certain. Similarly, it nocw appears that
3c{ OHsD which has been regarded ag predeminantly a cyto-
plasmic enzyme (Jacob and Wilson, 1977) is alse present in
the nucleus, as earlier posLulated by Belham, Necl,

William (1569). This view was reinforced by the destermina-
tion of nuclear 3otdiol concentration in both ncrmal and
BPH tissues (Méikle et al, 1980}. fludson (1982) did not
observe any 3ot OHsD activity in the nuclear fractién of
either normal, BPH or CaP tissue; a finding which brings
into.question the origin of the 3o diol reported earlier.

In vitro Soreductase activity in both nuclear and

4.

supernatant fractions showed conversion of testosterone to
predominantly DHT (Grant, Minguell, Taylor and Weiss, 1971%;
Habib, Rafati, Robinson and Stitch, 1972)., This corres-

ponds to the findings with whole tissue homogenates {(Krieg
L oal, 9797, With 3oCUHsD ana 17f OHsD, the situation is

legs. clear. Jdcob and Wilson (1977) and Morfin et al {1978}
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reported increaszed 3ot OHsD in both cytosol and microsomes

of BPH tissué, while in contrast, Hudsen (1982) obtained
' i

_nmuch lower activity in cytosol - and microsome of BPH com-

pared tno norﬁal and malignant tissues. In spite of these,
these enzymeé appear to play importént roles in the pro-
istate éland.:

Current hypothesis is that prostatic hyperplasia is
enhanced by various enzymgtic interactiqns favouring accu~
muiation of DHT in the gland {(Isaac et al, 1983). Recent
in vivo experiments have aléo shown that decreased conver-
sion of DHYT to 3«(diol may be promoiing hyperplasia in
elderly men {(Morimoto, Edmiston and Horton, 1980}). The
concep£ that DHT formed in the cyteplasm is translocated
into the nucleus suggests that high nuclear concentrations
of DHT may be causal to prostatic disorders. Nuclear DUYT
is further trénéformed through either a reductive (3o¢diol
formation) or oxidative (DHT formation frem 3ot () diol)
pathway. This presumes‘there is a aoa(ﬁ)OHsD {oxicdo=~
reductase) in the nucleus,'which induces nuclear DHI
reduction but can also increase formation when its oxida-
tive characteristics predominate (Morimoto et al, 1980;

Lsaac et al, 1983). This postulate would become untenable

if the reported absence of nuclear 3olQHsD, even in normal

_tissue (Hudson, 1982) were valid.

The sum total of this review is to show that the above
concepl of the intraprostatic interaction which may result
in prostatic dLsor&ers, requires further detailed investi-
gation, especi:zlly at the molecular levels. Thus, it may
be relevant to study:

i. the conversion of testosterone te DHT;
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o | / i#. the conversion of DHT to 3etdiols;
i iii./ the conversion of 3¢l (f)diol to DHT in whole
tissue homogenate, nuclear and cytosel fractions
of normal, BPH and CaP tissues, in order to¢
eiucidate the role of enzymétic transformation of
| testosterone in the‘development of prostatic dis-
ordéhs.

Zinc and Cadmium in Prostate Pathoclogy

Begides androgens, other bicchemical factorc like

trace-metals, especially zinc and cadmium, are considered

to bhe involved in prostatic disorders.

-

Zinc in Human Prostate

Bertrand and Vladesco (1921) observed high concentra-
tions of zinc in human :prozstate. Their study of zinc¢ con-~
tent of various human organs showed that apart from the
sewen,; the prosﬁate contained the highest zinc levels.
Mgwson and Fischer (1952) confirmed the presence of high
zinc concentrations in the prostate and alsc sugpgested
variations in 2inc concentrations within the samec gland.
Kerr, Keresteci and Mayoh {1960)'made similar observations
and added that theré was a tendency for zinc levels to
increase towards the caudal end of the gland. Attempits to
eliminate within gland variations in zinc content by deter«
%ining the concentrations in the whele gland instead of a
representative portion resulted in higher values than pre-
ﬁiously reported {lLeissner et al, 1980},

Distribution of zinc within the prostatic cell showed
hisfochemical localization in both nucleus and cytoplasn
1

555). GHislucnewical Cinaings
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{Moger, Mcolery and Liouelt,

of scanty stalning in cytoplasm of malignant tissuc aud
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intensze staining in hyperplastic tissue, appear to agree
with chemical values of zinc levels in £hesé tissues
(Gyorkey, Minn, Huff and Gyorkey, 1967). Similar results
of eleﬁated zinc levels in hyperplastic glands and low
levels in malignant glands were also reported by Schdrodt,
Hall and Whitemore in 1964.
Habib, Hammond, Lee at al (1976a) did not observe any
significant difference in 2inc concentrations in normjal and
hyperpiastic prostates., There were other feports shofing
higher zinc concentrations in BPH gland than in healthy

controls and in malignancy (Gonick, Oberleas, Kneehtges,

Prasad, 19€9; Jaffa, Mahendra, Chowdhury snd Kambos, 3980;
Leissner et al, 1980; Feustel, Wennrich, Steeniger, Klauss,
1982).

Zinc and Androgens in Prostate

Although the human prostate contains very high concen-
trations of zinc, the physiological function of the zinc is
still obscure. Many investigators have studied the rela-

tionship between zinc and androgens in the prostate, since

the prostate is an androgen-dependent gland. Results from
animal experiments provided data on the relationship. Gunn
and Gould (1956} observed increasecd 6bZn uptake by the pro-

~state of castrated rats after administration of testoster-
one. Similar results wera also obtained in canine
prostates where absence of testicular hormone sigaificantly
altered radicactive zinc uptake (Prout. Sierp and Whitemore,
1959; McKenzie, Hall, Whifemore, 1963)

However, the relationship between zinc andHandrogens
has not always beon ~vidon® in huaan pioetate. Studies by

Habib et al (1976a) with transuretiral sections of normal,
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hyperplastic and malignant prostétes showed_no correlation
between testostercne and zinc in ény of the tissues, and
the éuthors, thereforé, concluded that the uptake of testo-
sterone in hyperplastic tissue is independent of the metal
concentration. Habib, Mason, Suith and Stitch in 1979
suggested a stirong association between DHT : T ratio land
zinc in both BPH and CaP tissues. They proposed the juse of
this relationship as an index for predictipg the onseat of
neoplasm in prostate glands. More recently, zinc concen-
trations in prostate glandz of prepuberial boys were [{found

to be of similar concentration as those of non~prostatic

tissue; a finding which suggested that thie increased zinc
concentrations foﬁnd in adult prostates could be due to the
influence of androgen stimulaticn (Leigsner et al, 19801}.-

Subcellular distribution cf androgens in BPH shewed a
higher coeoncentration of DET in tho nuclear and cylosol frac-
tions (Meikle et al, 1980}. Similarly, zinc has alsc been
shown to be distributed betwveen the nucleus ond cytoplaesm
(Reed and Stich, 1973; Le#ke, Chisholm, Busuttil and
Habib, 1984). There are no reports relating the quantita-
tive 1cvéls of zinc to the subcellular concentration of other
androgens.

.Zinc and Androgen Metaboli=zm in Precstate

The physiological functions of fthe endogencus prosta-~
tic zinc was thought to include the modulétion of the con-~
version of testosterone to other metabolites by the
prostate gland., This has been investi zated through in
vitro incﬁbation studies involving various androgen
suuvstrales and vhe addition of varyving concentrations of

exogenous zinc. Grant et al {(1971) reported the conmplete



inhibition of the formation of DHT from testostercene, in

the nuclear fréction of hyperplastic tissué, by additions

of 50umol of exogenous zinc. In contrast, additions of
lower concentrations of exogenous zine appears fo enhance
the fermation of DHT by between 25% and 36%. These find-
ings suggest that nuclear 5&f reductase is susceptibl? to
high concentraﬁions of zinc., Wallace and Grént (19?5) conm-
firmed the inhibition of the formation of DHT, but could not
demonstrate stimulation of the conversion by low condentra-
tionslof zinc reported earlier.

There appears to be a significant inverse relatijonship

between.2n++ concentration and 5olreductase activity
(Wallace and Grant, 1975).

In a more elaborate study, Habib {1978) reported the
in vitro effect of addition of varying concentrations of
zinc on tne formation of DHT from testosterone, by whole
tissue homogenates of hyperplastic tissuecs, This study
showed that conversion of testosterone to PHT was sup~
pressed by exogenous zinc concentrations greater than 10'5M
(10umol} while concentrations between 10“6 ang 10-8M
¢nhanced DHT formation. These findings are at variance
with those of Wallace and Grant (1975). 4n interezting
féature of the report by Habib {1978) is the inhibition of
DHT formation by very low concentrations of exogencus zinc

{ < 10”8), though the degree of inhibition was not stated.

Since high concentrations of DHT have been found in
the nuclear (Meille et al, 1980) and wtile tissue homoge~

nates of hyperplastic prostate {Siiteri and Wilson, 1970;

0765 Ml ob zl, 197¢7, wue acove in viiro

Frew e e bt A
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expariments cvggost LhLl SCHe Levedl O zinc 1s required for
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tle.formation of DHT. There may therefore he é physiolo=~
gécél roie for zinc in the endocrine mediated disorders of
tﬁe prostatef

| It s not certain whether these in vitro findings
reflect in vivo situation in the gland. This doubt is
ibome éut by the recent report by Singuin, Morfin, Charles
and Floch (1982) that endogenoﬁs zinc levels have no
effecta on the 5(Xreductaée activity in prostate. The
finding. may be due tc the very low concentrations of zinc
in the tissues (33.0 - 181.5 ug/g) and the diminished
be{reductase activity. In any case, it is obvious that the
hypothesis that zinc is involved in the endocrine disorders
of prostéte reguires further detailed study involving both

endogenous and ecxogenous concentrationas of zinc.

Zinc and 3¢ DHsD Activity

The role of‘endogenous zinc in the metabolism of DHT'
to 3D<(ﬂjdiol is als¢e not known for certain. Evidence from
animal experiments suggests that zinc can inhibit the for-
mation of 3otdicl in the rat ventral prostate (Mawhinney
and Belis, 1976). Studies in human prostate have been less
conclusive. Morfin et al (1978) obtained an increased
}oﬂreductase activity on the addition of 1mmol of exogenous
zinc to whole tissue homogenate of Eyperplastic tissue, but

this eflecv was absent when. the experiments were prepeated

‘with microsomc and cytosol fractions. These findings have

been partly supported by dudson {1982) who also could not

demonstrate any effect.éf Low concentrationsrof eXOZenous

zinc {2umol) o1 the prostatic cvtosol 3 0HsD activity.
AUdLoiuvl i &M cdused 4 BQ% inpnibition. Similar find-

~i1gs Lave ween reporved for encogenous concentrations of
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X zinc where G.EmM concentration caused the inhibition while
ll-a-ilower concentrétion (0.0BmM) enhanced the formation of
53:&dioi in hyperpléstic tiésue {Sinquin et al, 1982).

| In view %f the inconsistency in the available reports,

the effuct of zine¢ on 3o OHsD activity, especially at the

molecular levels, requires more detailed investigations.

|
Cadmium ang¢ Prestate Pathology

Suggestions that cadmium may be a factor in the aetio-
logy of prostatic disorders were first made by Kipling and.
Waterhouse in 1967. They reported increased incidence of
CaP in a group of workers exposed to cadmium oxide. How-
ever, other epidemiological studies could not confirm this
association between cadmium and carcinoma of the prostate
(Lemen, Lee, Waéoner and Blejer, 1976; Kolonel and
Winkelsteh, 1677). Therefore, other workers resorted to
.animél experiments where attempts were made to induce pro-

static tumour via cadmium administration. Even in these
cases, resulis were not conclusive.

The toxic effects of administration of high concentra-
tions of cadmium on rat prostate have been successfully
demonstrated (Timms, Chandler, Morton and Groom, 1377;

' Khore, Der, Ross and Fahim, 1978). lAdministfation of low
concentrations failed to produce any ultrastructural.
changes; nor could any prosbatic adenocarcinoma be induced
(Battersﬁy, Chandler, Morton, 1982). These picces of evi-
dence suggest that the role of c¢admium in prostate patholo-
gy remains unkunown. Nevertheless, an earlier suggestion by
Parizek {1957) of a competitive inhibition between zinc and
cadmium in rat testis has cortinued to Etimulat:'rc:;:r:h

into the relationship between zinc and cadmium in cother male
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s%x a?cessory organs. The possibility of this relationship
ippeafed'confirmed in the prostate by Aughey, Scott, King
?t al (19?5} whoe reported that areas of prostate with high
;inc concentrations retained less cadmium, while cadmium
accumulated in the areas with low zinc concentrations.

Studies in human prostate have alsc shown increased cadmium

cencentrations in malignant tissues following depletion of

zimc in such tissues (Habbib et al, 1676(a}; Feustel et al,

1982).

Siﬁce zinc has been linked as an aetiological factor
in prostatic disorders, attempts have been made te investi-
gate the involvement of cadmium. Reed and Stitch (1673)
have shown that cadmium reduces the uptake c¢f zinc by pro-
static tissue, and inhibits in vitroc cenversion of testos~
Lerone to DHT (Wallace and Grant, 1975).

Therefore, it‘appears that cadmium, too, may be
directly or indirectly linked to the development of benign

and malignant disorders of the prostate, through yet

unknown mechanisms.

Plasma 7Zinc, Cadmium and Prostate Pathology

It is generally helieved that the main source of

intraprostatic zinc and cadmium is the peripheral blood,

but whether the btleood levels mirror the tissue concentra-
tion remains controversiali {Willden and Robinson, 1975;
Kjeillstrom and Nordberg, 1978; Habib, Dembinski and Stitch,
1980; Jaffa et al, 1680). ifany investigators over the
years have observed changes in the levels of zinc in plasma
and cellular clements in various disezses. However, these

[

- I T .. . -
COVIA LV GadGadbeos vl

Q)

changes ‘have not bheern conpistcontly ob

male sex accessory organs despite the reported high zinc
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%oncéntfations in these organs.

f IWillden and Robinson {19?55.recorded significantly
!higher zinc leﬁels in BPH compared with age;matched healthy
Isubjects and lower levels in CaP relative to BPH. These
findings were not confirmed by Habib et al (1980) who
observed no gignificant differences in zinc levels betveen
normals, BPH and CaP. 1In contrast, to above reports, Jaffa
et al, (1980) not only maintained that plasma zinc levels

were elévated in BPH and decreased in carcinoma, but also
suggestéd that these levels mirror the tissue concentra-
ticns of the metal.

Furthermore, the possibility that elevated uinc levels
in patients with confirmed prostate enlargemeﬁt excludes
the pres=sence of malignancy, has been propcsed (Willden and
Robinscn, 1975).

With regards to cadmium, it is known that this non-

" essential trace-metal is virtually absent from the human

body at birth. It accumulafes in the tissue (Anke and
Scheider, 1971) and blocd (Pleban and Peérson, 1979) conti-
nuously with aée up to 50 years when the tolal hody concen-
tratién (in an unexposed person) may reach 20-30ng
{(Underwood, i97?). Many studies have reported low cadmium
levels in nermal bleod {Willden, 1973; Cernick-Sayers,
1975), but Kjellstrom and Nordberg (1978) have postulated
that blood cadmium levels may not only be a reflection of
the daily intake, but wmay 2lso reflect the endogenous
tissue level. Little information is avéilable en plasma or
blocod levels ofcadmium in prostatic disorders, though

Habib et »% (1976} have renorted elavatzsd %rc:tatic 2N SLn

£

trations of cadmium in carcinoga of the prostale.
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i
f , Plasma zinc levels in healthy Nigerians are similar to

l

| .
lthe'leVels in Caucasians (Clatunbosun, Akindele, Adeniyi

;and'Bademosi, 1978; Ette, Ofodile énd 01uwasénmi, 1982) but
IFlevels are decreased in some diseases (Olétunbosun et al,
1978). Howeﬁer, there ére no reports of plasma zinc angd
cadmium in Nigerians with prostatic disorders. Thereflore,
|
investigation of plasma levels of these metals may not only
provide basic data for Nigerians but may also add to our

knowledge of prostate pathology.

Hypothetical Concept of the Roles of Androgens, Zinc and
Cadmium in the Pevelopment of Prostatic Dizorders

As already indicated, it is possible that zinc and/or
cadmium may have physiclogical roles in the pathogenesis of
disorders of prostate, though the actual mechanism is as
vyet unknown precisely.,

Review of different proposals by many investigators
reveals thét some areas require more detailed investigation.
Therefore, é hypothetical concept of the roles of these
metals is being proposed and .investigations of this hypo-~
thesis form the central theme of this study. The hypothe-
S8is i1s based on the following premise {Fig. 1.8, page 33) ..

Available blood zinc and cadmium diffuse into the pro-
static cell where they are concentrated in both the cyto-
plasm and nucieus, thus creating a blocd-tissue gradient in
a sort of dynamic state. In normal metabolic process,
intraprostatic zinc promotes the conversion of testosterone
to DHT in the cytoplasm énd DHT to Diols in both cytoplasm
and nucleus of the prostatic cell, thereby preventing
accunulation of DHT and the atte%ﬁ;:t Lypdrplasiay However,

£~

i the blood-tissue gradient changes iv fovousr of Lhe tissue,
-he resultant high zinc concentration could initiate any of

two reactions.
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'If the tissue zinc is concentrated predominantly in

the nucleus (see Reed and Stitch, 1973; Leake et al,

1984) this coﬁld inhibit further metabolism of DHT to
Diols in the nucleus. Meanwhile, the normal process

in the cytoplasm continues to'augment the DHT avail-

| able to the nucleus. These reactions could result in

accumulation c¢f DHT in the nucleus, the consegquence of
which may be the initiation of hyperplastic process.

Concentration of zinc mainly in the cytoplasm could

i
r

inhibit the conversion of testosterone to DHT to
3odicl. This blockage could result in accumulation
of testosterone and eventual depletion of nuclear DHT.
It is pos=ible that persistence of such a situation
could initiate neoplastic changes.

‘On the other hand, the alteration of blood-tissue
gradient iﬁ favour of blood could result in the deple-
tion of intraprostatic zine. This could affect,
adversely, the normal process of DHT and 3cf{diol for-
mation in cytoplasm and the nucleus, thus promoting
excessive'concentratibn of testosterone and A-Dione
which could initizte neoplastic changes in the cell.
Consequent to the depleticn of intracellular zinc,
cadmium could diffuse increasingly into the cell and
be concentrated in both nucleus and cytoplasm. The
continuation of such a situation could alsc 2id neo-
pPlastic changes in the cell. Admittedly, this hypo-
thesis may be partly tenable or completely invalid,
nevertneless investigation of each stage would enhance
the present hnowlodse on She development 0f prostatic

disorders. The outline of ‘these investigations are

stated as follows:



A.3.J QUTLINE OF THE PRESENT STUDY

Several studies have investigéted various biochemical
ifactors and processes which may be invelved in the devel ap-
ment of benign hyperplasia and mélignancy of the prostate.
Thie study ;as desighed to investigate the contributions of
endo;rine control of the prostéte and the physioclogical
roles of zinc and cadmium in the aetiology of these dis-
orders in Nigerians, Since biological expression of a cell
is exhiéited at the molecular level, knowledge of the
mechanism by which these tissue-metals and androgens inter-
act at the molecular level appears to be essential for the
understénding of their roles in the péthogenesis of BPH
and Cakb.
Therefore, this study was specifically focused on the
following areas:
1. Investigations of the endcerine control of the prca-
tate of healthy subjects and patients with BPH and

| CaP, by:-

i. The determination of plasma levels of androgens
in the above groups within the age group 50 ~ 90
years.

ii. The determination of prostatic tissue concentra-
tions of androgens in the same groups of patients
and in normalg (s2utopsy specimens).,

iii. The determination of androgen concentrations in
the subcellular fractions of prostatic tissuesl
irom the Samé group as ahove.

2. Investigations of the roies of plazrs trace-metals in

the endocrire control! of the nractptes of heolihy



Jsubjects and in BPH ahd CéP, by:
! Ei? The determinatiocon of plasmé zine and c¢admium in
‘the three groups of sﬁbjects.
3. In#estigétions of thez reldtionship between androgens
and trace—metéls in prostatic disorders, through:

;i. The determination of =zinc¢ and cadmium in prostatic
tissues from healthy subjects, BPH and CéP
patients.

ii.; The determination of these trace-metals in the

subcellular fractions of prostatic ftissues.
iii. In vitro experimental studies of androgen metabo-
lism in prostatic tissue homogenates.

iv. Eﬁ vitro experimental studies as above in the sub-
cellular fractions of prostatic tissues.

4, Investigaticns of the reles of zin¢ and cadmium in the
metaboliism of androgens by the prostate:
i. Eﬁ vitro:experimental studies of the effect of

zinc and cadmium on the above metabolism.



CHAPTER 2

MATERIALS AND METHODS

"Nothing is as eésy #s it
locks, |

Everything takes longer than
you expect,

And if anything can go wrong
it will,

4t the worst possible momentti®
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MATLRIALS
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Chemicals and Reagents

Ethylene diamine tetraacetic acid (EDTA)-2 mM in
Tris-Hcl buffer pH 7.4. |
Glycerol 10% viv
WADPH - 0.5 mM in Tris-Hel bﬁffer
FPhosphate ~ Saline buffer 0.1M - 10.196g Sodium
hexametaphosphate in 1 litre of 0.85% NaCl.
Gelatin ~ 0.1%
Sodium merthiolate 0.61%
Dextran coated charcoal ("Separex" tablets -
Steranti Research Limited}. FEach tablet is
equivalent to 256mg of Charcecal énd 25mg of
Dextran in 100ml of buffer.
Jcintillator fluids (a) Butly PBD(-PPO)4g/1 in
Teluene : methanol {10:1)
ib} Triton x {Cocktail) contained.

PPO ~ 15g

POPOP - 1g

Triton x - 1250ml.

Xylene - 3250m1.
Zinc chloride 1g/l
Cadmium chloride -~ 0.S5mol/l
Tris-Hcl buffer - 0.065M

Tris base 6.057g/1 adjusted to pH 7.4 with
HCL.

Buffer also contained 10ml Glvcerol (10%v/v)
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Organic Chemicals

ALY organic chemicsls used are of "fLnalar grade"
and are re-distilled when necessary to maintain
purity.

Non-radiocactive Steroids

10bmg/106ml in ethanol ol each of the following
non—rédioactive steroids were prepared:
Testosterone, Dihydrctestosterone, Androstene-
dione and Androstanédiol 3o and Androstanediol
35, 5ot Androstanedione and Androsterone.

Radioactive Steroids
3

H} Testosterone, Sp. Act. 80-105CL/
mmol

(1,2,6,7

3

{i1.2.4.5,6,7, “H) Botdihydrotestosterone,

Sp. Act. 147 CL/mmol

3

(1.2.6.7, B) Androstanedione Sp. Act. 110 Ci/

nnol
H) S5« Androstanediol {30178 )

Sp. Act. 60 Cl/mmol

(1&2 (n) 3H) 5o Androstanediol (302175 ) Sp.

Act., 60 Cl/mmecl

Above Stock Solutioﬁs were purchased from Rﬁdio«
chemical Centre, Amersham, England and were
diluted appropriately to produce the required
radioactivity for differenf procedures.

Antisera

All antisera used in this study were putchased
from Siteranti Research Limited, London, as freeze-

dried material and wWere reconslituted with

buffer to 1 : 100 dilution according to the
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instructions of the manufacturers.

Special Reagehts

Zinc chloride (anhydrous) The following concen-

! .

trétions ware made in Tris-HCl buffer {(7.4)
g

1e7, 1072m, 107, 1070, 1078, 107, 107 Pu.

=12

Cadmium chloride - 10“1M, -~ 107'°M were made in

Tris-HCl buffer {(pH 7.4).

Chromatographic Materials

Sephadex LH ~ 20

Silica gel chromatographic plates 20 x 20cm.

Steroid Standards (Stock) contain 10ng/100ml of

each steroid in ethanol, and were purchased fron

Steranti Research Limited, London.

wOrking Standards - prepared by dilution of 1C0ul

of Stoeck in 10ml acetone, to contain ipg/ul.
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.2.1{a) Purity Check of Radioactive Steroids

34 Testosterone, “H DHT,

" The rédioactive steroids
3H Androstencdione, 3H Androsténediol (30(5 and 3H
Androstanediol (38) used during the course of this
stﬁdy ﬁére checked quarterly for purity. Aliquots
f(TOOul) of working solutions of the sterocids were
chrométographed on TLC aleongside non-radicactiive stan-
dards {(Markers) in the system chloroform : ether {7:3).
Thé spols were located by U.V. light abscrption at
240nm or by exposure to iodine vapour in a glass jar.
Spots were marked and then scocped into counting vials
to which 5ml1 of Scintillator had been added. The
radicactivity of each spot was countted and compared
with the radiocactivity in 100ul of same stercid (Total
radicactivity). The percentage radioactivity recover-
cd wés calculated from;

hecorded cpm of ©.l.¢c. spot 100
Recorded cpm of "Total™ X

The stero;d was considered pure cnough for usze for
subsequent experiment if: ‘
{i}. The stercid exhibited one épct only on the
t.l.c.
(ii)} The percentage recovery was not below 90%.

Results: The average percentage recovery obtained

were as follows:

est
98%; [3H] 3 Diel, 94%; [3H1 35 Diol, 94%.
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\ ; Separation of steroids can be accomplished in
{
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.2.M{b) Separation of Androgens oh Column Chromatography

many different ways inciuding solvent partition, paper

chromatography, thin-laver cthromatography and column

chromatography. Since androgen steroids have small

\ structural differences (Fig. 2.1, page 50), the assay

of each androgen in a biological sample would require
specific antisefum, to eliminate cross-reactions.

Even then, purification of the extracts of the speci-
mens would be required prior to radioimmunocassay of

the specific androgen.

However, a less difficult apprcach is to separéte
lndividual androgens by any of the techniques mentioned
above, |

In this study, column chromatography using
Sephadex'LH—BO was used for the sepération because of
its many advantages over other methods,; namely:

(i) High recovery

{(ii) Good reproducibility

({ii) Sephadex LH-20 can be used without'prior
activation and can be washed and re-used.

{(iv) Large amounts of biological fliuids can be

brocessed.

{v) Low blanks are obtained.

Therefore, the separation of Plasma and tiscue
androgeins was undertaken undaer the following epecifi-
cationg:

(i) Sephadex LH-20 - D!Qg/column

(i1} Solveui-Sysiem - Heptane : Chloroform:metha-

nol {85 : 15 : §)
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(iii) Column specification -~ 20 x C.?cm (1 : d)
(iﬁ) Effective column height - 70mm. |

{v} TFlow rate - SOml/h;
ﬁéﬁhéd:

0.9z of Sephadex LH~20 wés soaked in 16ml of
solvent-system overnight. This was repléced with
fresh 10ml of solvent with which the gel wés pécked
inéo the c¢column to a height of 70mm. Tc each of five
fréshly prepared columnsg wa3s added 130ul of each of
the tritiated androgens (5000cpm) plus 50ug of each
unlabelled androgen, Androgens were eluted from each
cclumn with about 50ml of solvent énd iml. fractions
were collecied. Fach fraction was put in a counting
vial and evaporated to dryness. Radicactivity
associated with each fraction was counted in fbml. of
Scintillator szolutiovn om the Tricarb Scintillator
ccunter (Parkard) Modei 3275, The cpm was plotted
against fracticen number on a gréph.

With this procédure, the pattern of separation of

androgens on Sephadex LH-20 was established.

The pattern of separalion of androgens showed that
A-Dicne was eluted in [ractions 1 ~ 7 Wwith peak at

3 - &, Folluwed by DHT at fraction 16 - 13, Testoste-~
rene was contained in fractions 16--1% and 3 andiro-

8

LS

stanediol and 3 £androstanediol at 20 - 22 and 24 -

,..
T
¥

.

.

prctively (Fig. 2.2, puge 51).
Hoving established Lhas pattern, subsequaent separation

of plasma and tissuec ancrogens pirior to RIA were
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' :undertaken by the abovg procedure. The "peaks" of
fractions were poocled and employed as the sample

for androgen estimation.

.1{c) Establishment of Protocol for Radioimmunocassay of

Androgens

The method of choice for the estimation of andro-
gens in plasma and prostatic tissue was radicimmuno-
assay technique {(RIA).

Procedure:
{i) Preparation of Plasma Samples

Androgens were initially extracted from 0.5m1 of
piasma with redistilled diethly ether (2 x 3mls),
followed by column chromatographic iscolation of

individual androgens. The extréct of each andro-

gen was reconstituted in 0.5l of buffer, frcm

which 2 x 0.7iml were taken for RIA,

(ii) Preparation of Tissue Samples

Prostatic tissue (0.5 - 0.8g) were first homo-
genised in distililed water, rollowed by extraction

witiz redistilied dichloromethane.
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RADIOACTIVITY cpm 102

4.0

3.0

i . 5 1

SEPARATION OF ANDROGENS ON SEPHAREX LH - 20
COLUMNS —SOLVENT —SYSTEM — HEPTANE: CHLOR:
 METH (8545:5)

A - DIONE

2.6 ™
20 7
1.5
10 7
0.5 +
{ 1 T ¥ ¥ ¥ Y -py T 1 ¥ T §
-2 4 6 8 1 12 14 16 18 20 22 24 26 zZ8 3
Fig2.a FRACTIONS {1ml} '
e Rt .
%_E{G"..%‘ Elution pattern of androgens separated on Sephagex LH - 20 on 20 1 0.7cr (1:d)

micro celumns. Total gel used was £.9g and effective column hieight- 70mim.
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The extract was dried and reconstituted in 0.2mi
of solvent. Individual androgens in the extract
were isclated by column chromatographic separa-~
tion. Each chromatographic extract was dried and
reconstituted in 0.5m) buffer, from which

2 x 0.2ml were taken for RIA.

Preparatiocn of Standard Curve

Working standards containing 10,26,50,100,200,300
and/or 500pg ¢of each androgen ware prepared fron
working standard (7i00pg/i100ul) (See 2.1.8
Materials) and put into test-fubes in duplicates.
The content of each tube was evaporated to dry-
ness before RIA procedure. A standard curve was
preparea for each batch of fifteen or twenty
samplgs.

RIA Procedure

‘'The tubes were arranged in duplicates and

labelled Blank, Zero (100%), standards and

one to fifteen or twenty samples. Buffer (100ul)
was added to Blank,; Zerco {(100%) and étandard
tubes. This was followed by the addition of
100ul of antiserum to all tubes. Tubes were
mixed thoroughly and left at 4°C for 30 minutes.
After the interval, 100ul of (°H) androgen was
added to &ll tubes, mixed and kept at 4°C for 4
hours or overnight.

The ‘bound' was seperated from the “free" by
adding 100ul of dextran-coated charcoal golution
to all tubes followed by centrifugation at 2000-

p . "0
rpm for i0 minutes at 4°C. The supernatants were
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decanted into counting vials containing 5mls of
Scintillator soiution.. The radicactivity was
counted on Tricarb Scintillator counter (Parkard)
Model 3375.

For standard curve, the cpm was plctted as a
function of unlabelled androgen (pg/tube) and the
guantity of sterovid in each unknownrsample tube,

determined by interpolation.

Validation of Assay of Androgens

Specificity:

Specificity of radioimmunocassay may Dbe
defined as the extent of freedom from interfe-
rences by substances other than the one intended
to Se measured. In this study, specificity was

influenced by the combinabtion of solvent extrace-

tion, column chromatographic separaticn and the

specificity of the antiserum For each androgen.
The specificity of androgens assaved in this
study has been further improved by the inclusion
of column chromatographic procedure. The effi-
ciency of this procedure was cccasionally tested
by running a t.l.c. of ceolumn chromatography
eluates before RKIA., However, the specificity of
each antiserum has been provided by the manu-
facturer (Table 2.1).

Sensitivity:

The sensitivity of the assay of androgens in
this study was defined as ithe smallest omon-t of

k]

unlabelled stercid that can be distinguished from



zero value. This was expressed by the following
méthod:
; Blank values obtained when aliquots of glass
' distilled water (1ml and 2mls.} were
| ’ extracted, and the extract carried through
the entire procedure and then assayed using
each antiserum ({(Table 2.2).
(iid) Accuracy:
fccuiracy of assay was assessed by determin-
ing the recovery of known anmounts cf each andro-
gen (i.c. 2ng; 5ng) added to chromatographic
eluates of a plasmsa, and O0.2ng; 0.5ng to a tissue
gsample. The initial concentration of each andro-
gen in the éamples and the_ _recovery experimentals
were determined on the same occasion. The
accuracy of the method expressed as percentage
-recovery of added androgegs is presented in
Table 2.3, page 58 ).
(iv) Precision:
The precisicn of a method representzs the
variation of a given set of estimations of the
same sample from the mean of thét set. It is

usually expressed as percentage of the mean

]

— ¥ 100 Coefficient of variation
hi (CV%) .

S .. the standard deviation of the szet of
estiniations.

X - %the wean of ithe sei of estimatrions.

The precision of the RIA method in thig study



Was agsessed by determining the "intra-assay™
|

and "inter-assay" variations of results of the
same sample after & series of measurements. The

procedure was as follows:

Plasma Androgens:

Intra-Assay - The coacentration of four steroids
were determined in duplicates in two portions cof
each of itwo plasma pools (i.e., 4 replicates of

cach pool).

Inter-Assay - The two plasma pools were assayed
at different times in four batches of samples

(Table 2.4(a) and (b) pages 60 and 61).

Prostatic Androgens:

Intra~Assay - Two portions {500mg each) each of
two tissue samples were homogenised separately,
extracted and chromatographed. The concentra-
tions eof androgens were determined in duplicates
in each portion {i.e. & replicates of each

sample) .

Inter-Assay « The same samples were assayed at
different times in four batches of samples

{Table 2.4 (c) and (d) pages 62 and 63).
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Specificity of Antisera for Assay of Androgens

% Cross-~reactivity with Androgens
Antisera :
T DHT A-DIONE |- DIOL(3& 178)
Testosterone | 100 70 - -
DHT 50 100 1 4
A-DIONE 6.8 0.76] 100 ~ £0.001
DIOL(3¢ 178) - .- < 0.001 100

Table 2.1

Créés-reactivity of antisera ﬁsed for assay of andro-
gens in this study are listed above. All antisera were
purchased from Steranti Research Limited, Londoﬁ, England.
The table was compiled from brochures supplied by this

manufacturer.
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Sensitivity of Determinations of Androgens
3

1
Amount "Value from 1o
wf Water Standard ‘al?e of
Androgens ! Blank
a Assayed | Curve
Assayed
i mls pg/Tube pg/Tube
Testosterone 7.0 <10 <10
DHT N 2.0 <10 <i0
A-DIONE 1.0 !
"w . Z-o 410 (’.10
3ol DIGL 1.0

Table 2.2

Sensitiwvwity of assay sof wndrogens was determined by
taking sliquots of glass distilied water througn extractiph:
chromatographia.separatrun and RIx provedures.” The value
obtained from standard curve is compared‘with=the Blank

Value as a measure of the sensitivity of the assay.
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Accuracy of Plasma Androgen PDetermination

Concentration
ng/ml Recovery
Androgens
Original Added ng %
s‘ 5.9 -
Testosterone 2 56
5.0 4.5 90
1.1 -
DHT 2.0 1.4 70
5.0 3.9 s
. 1.2 ! -
A~DIONE 2.0 | 1.8 | 9c
5.0 | a2 | 84
| ,
G.4
3o DIOL SR Vel 1.6 | 8D
v 4,1 g2

Table 2.32{z2)

Recovery
asc a measure of the accuracy of the rediocimmuncassay

method.

stercids added Lo plasma extract was taken
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i “Accuracy of Tissue Andrcgens Determination
f
I
- Concentration
Recovery
i ng/g
. [}
Androgens
' Amount fimount .
Added Measured 4
' {ng) ng/g
Nene 0.8
Testosterone 0.2 0.97 5
0.5 1.22 1
None 6.4
DHT \ 2.0 8.1 '85
. 5.0 i0.5 82
- pe—— - - - — [P
: f
o E ¥None 0.1
A-DIOKE ' 0.2 0. 26 80
0.5 C0.5 ec
h,_._",M_-H;;,m“u;ngﬁ_wrunm_‘m,,"_*_“w,&
! l
Hone .2.8% ‘}
3. DIOL 2.0 4.2 T
K0 7.1 8¢ 4
) !
Table 2.3(b}

Recovery

homogenate as

of

a

stercids added

measiure of the

accuracy

of

to extiract ol 500mg tissue

.the RIA method.
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Intra-AssaY'Precision of Plasma Androgens Determinatipns
f——w F - . )
PLASMA FO0L A" PLASMA POOL B
hrdrogens Concentration | Medah = cv Concentration Mean CV
{nmol/1) - 80 % {nmel /1), + 3 A
|
{1} {21 ; (1} (2)
Testosterone 1.4 10.6 | 10.7+0.6 'S.Q i2.8 12.5 13.2+0.66 5.0 !
10.8 ) 13.4 14.0 |
3 4.0 3.6;@ 34 9.4 5 6.2 5.7+0.42 7.4
LHI 3 3. i 5.
‘ L]
5.4 4.6 8 4,4 7
AL i .G i e . B .
A-DIONE 4.8 4 ! 4,740 .6 12.¢ 6 5.2 4.5+0.6 13.3
1.2 1.2 1 1.0
3¢ DIOL T.240.16 13.3 1.2+0.21% 17.5
1.0 1.4 T 1 1.2 -

. R .
Intra-assay variations of anﬂhqgens levels in twe plasma sampl

Detells as in

the text.

es (4 replicates of each

Precision is expressed as coefficient of variation (CV%).

sample ).

09
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Inter-Assay Precisiord of Plasma Androgens Determinations

PLASMA © POOL A PLASMA POOL B
Aucrogens BATCHES Mean cy BATCHES . Mean o
1 2 3 & + 3D % 1 2 3 4 + 3D %
R—— ' R . ]
Testostercne | 11.4 b 12.2 1 11.8 1 11.1 ] 11.6+0.5 4.3 |"13.04¢1 12.5 1 12.8 | 13.6 113.010.6 4.6
- N o i
D KT 3.4 4 2.6 1 3.0) 3.8} 3.540.3 8.6 | 5.6{ 3.5 5.2 6.0 | 5.,6+0.33| 5.9
' I

A-DL1ONE 5.4 ) 5.1 ] 4.6 4.8} 5.0+0.4 8.0 { 4.21 5.0 | 4.6] 5.2 | 4.8+0.44| 9.24
e : y -
3¢ DIOL T.6 1 1.2 4 1.0 1.5 1.340.22 1 16.9 | 1.4 1.0 | 1.3 0 1.2 F 1.2+0.17 | 14.1

i .

lanle Z.4(b}

Inter-assay variation of andtogsns cencentrations in two plasma samples assayed in four
different batches of samples. Pregisiof ¢* method i1a expressed azs coefficient of variations

(7% ) . | v

19
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Precision of Tissue Androgens Determination (Intra~Assay)
. 7 e . T
Tissue ‘Sample A Tissue Sample 3B
; ]
' ’ Mean cv Mean Ccv
Androgens + 8D A + SD o
(4} {2) {1) (23 .
0.74 0.95 .55 0.7 _
toste I b ! ] 1 7 ‘. 2 ¢ - |
Testosterone | 9.85 o.84 O.;&Q.CQ 10 .7 0.60 0.64 0.62+0.06 9.7
. .
- n
.8 56 i 4.8 4.
o Lal .3 . .70, o
DHT 6.2 6.0, ?',i“ 6 5.6 5.0 5.0 4.7+0.35 7.4
.08 0.2 ¥ 0.42  0.41
A-DICNE ' - 0.1+0.16 16.90 0.39+0.03 T.7
G.10 0.10 1 - G.38 Q.36 -
- "."r
2.9 2.8 4 1.2 1.0
3¢ DIOL ’ 2,.8+0.,17 6.1 1.1+0.09 8.2 ¢V
3.0 2.6 - 1.0 1.1 -
L f
Yarlz Z2.4{c):

Intra-assay variations of androgens measured in two tissue specimens (4 replicates for each
specimen). Precision i3 expressed aaz c¢oefficient of variation (CV%).




INTER-ASSAY PRECISION OF TISSUE ANDROGENS DETERMINATIONS. . -

_—-_‘—-—h
TISSUE SAMPLE A TISSUE SAMPLE B. B
i 2 2 4 lMean * §D v s |1 5 3 4 | Mean 2 50 cvo®
Testosterone ' 0.74 |0.60 10.63 10.78 | 0.7 + 0.08 { 11.4 2.45| 0.55| 0.60| 0.45] 0.51 = 0.081 158.7
3 r T
DHT 6.5 17.0 (6.7 1&.4 5.7 £ 0.26 3.2 /4.6 1 4.4 1 4.8 | 4.4 4.6 £ 0.19 4.1 'j’
A-DIONE 0.10 [0.12 {0.09 0.0 | 0.1 % 0.012] 12.@ |0.45] 0.48| 0.46] 0.40] 0.44 * 0.03 6.8
¥V
3% DICL 2.8 |2.7.12.4 2.9 2.7 £ 0.21 7.8 712 | 1.4 1.1t 1.2 ] 1.2 ¢ 0.13 10.8
1 | I I -
. . . *
o
TABLE 2.4 (4) ‘ - £

Inter-assay variations of androgens in two tissue samples measured in four different batches of
samples. Precision if exp essed 5 Coefficient of variaticn (CV %).
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Anaégsis of Plasma Samples

Determination of Flasma Androgens:

Plasma Androgens (T, DHT, A-Dione, 3¢¢ Diol*) vere
determined in healthy Nigerian males and in those
with BPH and Ca% aged between 50 and 90 years.
The groups_qonsisted of 55 healthy individuals,

6G BPH and 12 CaP patients. The age distribution

. of each group is shown in [ig. 2.3.

iealthy Group: Individuals in this group were

selected from patients zttending Urology and
General Surpgery Clinics of the Lagos University
Téaching Hospital for non-prostatic complaints.
The average age of thia group was 61.2 + 6.9

years.

BPH Group: This pgroup was made up cf patients

with confirm=zd prostete cenimrgement who were

attendzng Urology Clinics-of the Lagos University

-

Teaching Hospival. Almsstiallfya%ients in this

- -group eventuazily nad.ourgery for prostatectony.

o

Histology regorts of the prostate tissue soeci-
mens also contirmed benipn prostatic hyperplasia.
The average age of these patients was 65.5% +

8.1 vears.

CalP Group: Patients in this group were diaghosed
as adenocarcinoma elither through prostate bicspy
o1 at gurgery for prestatectomy. The ages

6F
ranged between ;T and 83 years, and averaged
67.2 + 8.0 years.
1 t“{’

Hisftolegy reports ¢1 tissue apeciaensz alao
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confirmed adenocarcinoma. However, no attempt
'

was made to further classify thisg group into

types of carcinoma or tumour grades.

Preparation of Plasma Samples:

Blood samples were obtained from subjects between
8 énd 10 a.m. Samples were separated and plasma
obiained divided intoc twe portions and frozen
until assayed. One portion was used for androgen
assay and the other'for estimations of trace-
metals.

Preparation fcr Androgen Estimation:

0.5ml of each plasma sémple was put into test-
tubes and 100ul of each 3H androgen (about
5000cpm) was then added, to monitor extraction

eéfficiency and procedural losses of steroids.

; Samples were nixed by vortex and left to equili-

brate at 4OC. Androgens were extracted with

~redistilled diethyl ether (2 x 3mls) by vortex

-.mixing. Extracts. of each sample were combined

-and -evaporated tg.dryness., The residue was re-

constituted in 0.2ml of Solvent-System (Heptane
chlorcform = methanoi'BS : 15 : 5) was added to a
freshly prepared Sephadex LH—ZO cclumn, Column
was elﬁted with the solvent and 1Iml. fractions of
predetermined "peaks" of each androgen were
collected (See Chapter 2.2.1(b)). The fracitions
for weach androgen werc combined, evaporated io
dryn=ss and reconstiftuted in 0.5m1 of buffer

SOiuLion Lo racdliocimmuncassay procedure.
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Deternination of Recovery:

he percentage recovery of the "tracer" steroid
vwas determined by ftaking 2 x 0.1ml of buffer
extract {sampie) and 2 x 0.1ml cf a "tracer"
andreogen into counting vials. The vials were
counted with 5ml., Scintillator soluftion. All
counts vere recorded after correcting for back-
ground readings. The percentage recovery was
calculated from the eguation

Mean cpm of sample X § X 100

Mean cpm of 100% solution
3
{

= Recovery %

B} Androgen

Percentage recovery varied between 85% and ¢2.5%.

Radicimmunoassay Procedure:

To assay each andregen, 2 x 0.Iml of buffer
extract was ftaken into test-tubes {(duplicates).

Otaer procedures-are detzailed under radioimmuno-

.. assay procedure.

Eglculati0n81

Aindfogen Steroid an Sample- | i

Steroid/tube » Vel. of buffer extract » 2 .
Vol. taken for fAssay x % Recovery

= BStercid {(pg/ml)
Stereoid (pg/ml) = Steroid {ng/l)

Steroid (ng/l)
Molecular Weight

Steroid {(nmoli/1)

DETERMINATION OF PLASMA ZYNC AND CADMIUM

Plasma levele of zinc and cadmium were de-
Frvminad 4w the z2-e sroup 0° subjects as for

pl=swa androgens.



'A. Plasma Zigc Levels:

‘Plasma zinc levels were measured in 55 Healthy

Males, 60 BPH and 12 CaP patients, by Atomic

Absorption Spectrophotometry (AAS) using the
direct method of-8mith, Batrimcvitz and Pardy

I {1¢79). Plasma samples {(0.5ml) were diluted
initially 1:5 .with glycerol:water solution
(5:95°/v). Further dilutions to obtain a total

i of 20mls were made when necessary. The entire

diluted samples were used for analysis.

L _ (i) Zinc Working Standards:
A series of workiﬁg standards (50, 106, 156, 200
ug/dl) was prepared in givcerol:water solution
(5:95' /v)} from stock standard of zinc solution
{1g/d81).

(ii)” Determination on AAS:

v Zinc conceniration of each sample was determined
3 : . on Perkin-Elmer- 403 Atomic-Absotption Spectro-
phctometer at wavelengih "213.8nm using Air/
Acet?lene gas. The baseline vf 'the instrument
- was first seti by aspirating glycerol:water
sclution (5:95v/v) irto the luminescent flame.
Then working standards were sampled from the most

dilute to the most concentrated, and the absor-

bances recorded. Samples were then aspirated
and the readings reccrded. Values of samples

were obtained by comparison of the Absorbance.of
5 a standard with thati o a sample, as stated

beleor:



B.
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(ii3 )

Calculation of Results:

———

Abszorbance of Sample Conc. of Standard 100
Absorbance of Standard X (ug/ml) 6“?

ugin/100ml.

~ -

ugZn/100ml x 10
Molecular Weight

umoel/L.

FPlasma Cadmium Levels

Cadmium levels were determined in plasma samples
obtained from 22 healthy males, 30 BPH and|12

CaP patients,

Method of Determination

Plasma cadmium was determined ty a modifica-
tion of thelmethod of Cernik and Sayers {1975)
for blood cadmium, Smis, of 3% nitric acid was
added to 5mls of plasma samplie and was mixed

thoroughly. _This mixturs.was then centrifuged to

*. rewove all traces of protein. The clear supeirna-

Lant was made up to 10mls with distilleds™’

deionised water before aralysis on.Atomia?Absorp-
o

Lion Spectfophotometer {AAS).

Cadmium Working Standards

A series of working standards ranging from
10 « 100 nmol/1l of ceadmium was prepared from
stock cadmium chloride solution (0.5mol/l).

Analysis con AAS

Supernatant sclutiona from each sample and
the working standards were asrpirated into Los
TLame of Perkin~-Elmer 4073 448 =2nd the ahsorbancos

were rscorded, The AAS was owerated at 228 .85nm



(iv)

T0

vavelength and Air/Acetylene flame, Values of
gsamples were obbtained by comparihg the Absorbance
of sample and that of a standard.

Calculation of Results

Absorbance of Sample Conc¢. of Standard (nmol/

X
Absorbance of Standard ml) X

= nmol ca’t¥s1.
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ANALYSIS OF PROSTATIC TISSUES

Determination ol Prostatic Androgens in Tissue

Homogenates;

| Intracqllular concentrations of androgens
(%, DHT, A-DIONE and 3o DIOL) were determined in
whole tissue homogenates of prostatic tissues
obtained from Nigerians aged 50 - 96 years. The
group was made up of 1d Normal {issues obtained
at autopsies, 60 BPH and 10 CaP obtained from re-
tropubic prostatectomy. The "Normal" group was
ag;d 46 ~ 68 years (Mean 55.9+8.0 years SD) the
BPH between 50 and 80 years (Mean 64.3+9.2) and
CaP between 56 and 83 years (Mean 68.9i7.8).

Porticns of each specimen were processed for

iistologiceal coufirmation of the category whether

Horwai, TPH or CaP.

Preparation of Prostatic Tissue:

Prostativ-tissue. gpecimens were placed in

ice centaiaers and conveyed Lo the laboratory.

In the laboratory, each specimen was rinsed in
ice-cold 0.¢% Nall to remove all traces of blood.
Specimens were weighed and divided into portibns
ranging between 500 and’BOOmg. Perticons for and-
rogen determination were occasionally wrapped in
aluminium foil papers and Kept frezen at ~2OOC

unti’ analivsed.
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Preparation of Tissue for Delermination of

Androgens in Whole Tissue:

Poriionsg of prostétic tissﬁe specimens
(560 ;_Boamg) were homogeénised in cold dis-
tilléd wéter; During this precedure, specimens
were kept ét ébout 5°C or ice-cold. Each spe-
¢cimen required less thén 10 minutes for
couplete homogenisation. Then 100ul of each
tritiated androgen (5000cpm) was azdded to each

homogenate as "tracer" androgen and left at

_400 to equilibrate for 60 minutes.

Extraction of Androgens from Homogenates:

Androgens in each tissue homogenate were
extracted with 2 x 10mls of redistilled
Pichloromethane {(DCM). Extracts from each
spéaimen were cembined and evaporalted to dry-
ness.ant then reconstituted in 0.2ml of solvent
in readiness~for:cnlumn'chrcmﬁtogbaphy

v
ol
i ¥

{Fig. 2.4)
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g\‘ﬁ FLOW DIAGRAM FOR PREPARATION OF PROSTATIC TISSUE SAMPLES |
FOR_THE DETERMINATION OF ANDROGENS,

Prostatic tissue {500 - 800mg)

Homogenisation in minimum amount
ot ice-cold distilled water.

4

Whole tissue Homogenate {WH).

addition of ‘i 0%ul of (343 Androgens.

A4

Extraction & Dem.
2 x 10mis)

¥

o Evaporation of.extract and reconstitution in
SR : - 0.2ml. solvent.

Chiromatography cn Sephadex 1L.H - 20.

Ccllection of fractions, evaporation and reconstitution
in 0.5mi. buffer.

-cﬁ-mm.....-.._-q.

?x 2001 for R ~ A.
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Chromatographic 3eparation of Androgens:
g

gragvhic column. The androgens were eluted with
the solvent system (see separation of androgens)

and fractions of individual androgens were

) The solvent extract was added to a chromato-

collected. The fractions were evaporated to drv-

ness and reconstituted in 0.5ml of buffer for
radioimmunoassay. The percentage recovery was

determined as in 2.3.1(c).

Radicvimmuncassay of Tizsue Androgens:

For RI&, 2x0.2m)l of each buffer extract was
put into test-tubes. Other procedures were as

stated under radioimmunocassay technigque.

Calculatiors:

Androgen atereid in tissue sampie {ng/g).
Steroid/tissue sample {0.5g) =

Steroid/tube(ppg) X Total buffler

{pa/ y extract
Aaampie) Vol. taken for RIA x % Recovery
Steroid/ Steroid/tube x 0.5 x 2
tissue/g = . ¢ o v
(Pg/g) Vol. taken for RIA x % Recovery
Steroid/ Steroid/tube x 0.5 x 2 _
tissue/g = Vol. taken for RIA x % Recovery
{ng/g)

1

P

1000

RDebermination of Prostatic Zinc and Cadmium:

Endogenous concentrations of zinc and cadw
mivic were determined in prostatic tissucs
obtained from the same groun of suhiscts for and

rogen determination.

7
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Methca of Determination:

Zinc and cadmium were deterﬁined by the
method cf Gyorkey et al (1967) which essentially
was a3 follows: Portions of prostatic tissue
gspecimens (500ung) weré weighed and homcgenised in
deionised water to form 5% tissue homogenate.

}
tissue homogenate and [10%

Egqual volumes of 5%
Trichleracetic Acid were thorcughly mixed End

then centrifuged at 2000 rpm fcf 20 minuvtels to
remove proteins., The supeirnatant obtained| was

used aas samples for trace-metal determinatiions.

Determination of Zinc Concentration:

Zinc Standards: Working standards of zinc solu-

tion were prepared and analyssed on AAS ds pre-
viously stated (2.3.7211).

Tivsue Samples: Supernatants from tissue Lomo-

genate extraction were diluted fave folds by
making 4mls te 20mls with-deioniﬁed«aiéfiiled
water. Further suitablie dilﬂtionn'we;é”made when
necessary to obtain readings within the range of
the standards. Samples were analysed on AAS as

previously stated.

o

Determination of Cadmium Concentration:

Cedmium Standards: Working standards of cadmium

golution were prepared as previously stated and
were analysed on A4S,

Tissue Samples: Aliquobts of supernatant from

zinc determination were snalvsed on AAS Farn r,ada

mium concentration. Details of the ingtrumenpt
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were as previously stated under 2.3.2Biii.

{d} Calculation of Results.:

4TeSt v Conc. of Std.(ug/ml%) y Total Vol.

of .

Heomogenate

AStd Vol. of Supernatant
: taken
X Dilution factor X 1
(where applicable) Wt. of tissue tlaken
= ug Zn"' /g of tissue.
ug/g

- = umol/g.

Molecular Weight (Zn" ")

=
13

Absorbance of Sample

s
H

Absorbance of Standard

%#Conc. of Standard nmoi/ml. for Ccd¥7.
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ANALYSIS OF SUBCELLULAR FRACTIONS

Determination of Subcellular Concentration of

Androgens:

| Concentrations of androgens (T, DHT, A-Dione,
Diols) in the Nuclear and Supernatant fractions
of prostatic tissues from Healthy males, BPH and
CaPF patients, were determined. This aspect of

the study was peréormed on 1C Normal tissues
{zutopsy specimens) 28 BPH and 6 CaP prostatic
tissues.

Preparation of Subcellular Fractions: (Fig. 2.5

Page 78)

Betveen 500 and 8B0Omg of each specimen was

‘first homogenised in distilled water, and then

centrifuged at 800 x g fl'or 10 minutes in a

"refrigerated cantrifuge, The precipitale {crude

Huclear Fraciion)-was resuspended twice in iOml.
VTP - S o
Yris~Hecl oulfer {p ~-7.4) containing 0.32M Suc-
rosw, snéwrecentrifuged on each occasion., The
supernatants from the "Wazhings" were discarded.
The Nuclear Fraction (NF} was screened fer DNA to
ascertain its purity and was reconstituted in 2ml

of buffer preparatory for extraction and chremato-

graphy.
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DIACRAM FGR ISOLATICN OF SUBCELLULAR FRACTIONS OF

f ~ TISCUE HOMOGENATE FOR ANDAGGEN DETERMINATION,
!‘ ' * Prostatic tissue {500 - 800mg)
I \ .
' ‘L Homogenisation in distilled water.
Whole tissue Homooenate
centrifuge st 800xg for T0 mins.
> |
SN
s _ - . v
Su';?;g%tf::t Nuclear Fraciion
addition of | add 100ul of
3 Jandrogen [3;4d androgen
v ¥ |
o Extraction € Do Extraction g Dem
B
V .
Evaporation and Evaporation and
Recenstitution in (.2n4 Reconstitution in 0.2mi
solvent : solvent
chromatogranay chromatography
4 a
Collection of fractions, etc Collaction of fractions, etec.
{
N “ . L1 ' J"’
“B RiA RIA
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(b)Y Supernatant Fraction (SF}¥

The Supernatant fluid from the first centri-
fugation was taken as a crude "Cytosol" [fraction.
Aliquots of this fraction were also screenad for
DHNA contamination. Only fractions free of DNA

: 5]

contaminaticn were used for subscguent analyses.

{c) Preparation ¢i Androgen Assay:

- Te each frachticon was added 100wl (5000cpm)
of each tritiated androgen,; mixed thoroughly and

left at 5°¢ for 60 minutes to equilibrate.

{(d) Extraction, Chremalography and Azsay of Androgen:

Contents oFf androgens of cach subcellular
fraction {(HF and SF) uwerc exiracted with 2 x 0wl
DCH, Lipid interference witnh extracltion proce-

dure was removad by inlticl zdoition ¢of peiroleun

G
ether, follecwed by DCM extracticn. The zxiracths
froew ezch. Tracticr were poulad, .wvapoeoated 0

dryness, recconshibtotsd in solvent sysien, chroema~

coroprayhed and wosayed as previcaszly stated.
=4 & 5

Foct Mote¥

T e e SRR o s e

Tdeslly, to obtain a pure cytosol fraction, Lhis frac-

ticn should Lo further centrifuged at 12,000 x g for Ih to

remcve mitchondria fraction, and & furtkrer 100,000 x g {or

L

o
4 ol

&
w

Ih to remove the nmicrozome fractions. The faciliti
ultracentrifugation at these speeds were not readily avail.

ahle for this study
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Determination of 3Subcellular Zinc and Codmaium:

e

7

Endegencus concentrations of zinc snd cad-
mium were determined in subcellular fracticons of

tissves as for androgons determinaticns.

fovr Zino and Cadmium

A bt § Rt &

Preparation of Tissuc
Determinations:

X0}

3

Subcellular fractions of tizsues werc]

l

ovtained as lellows:

{a} Wuclear Fraciion (NIil:

a—1 .-

h 5% tissue heomogenate was first form¢d by

homogenising C.5g in 10mie of deionisdd-

digtilled wabter. This was then centr@?uged

at 800 % 2 Tur 10 minutes. The supernatant

="

vas qecanted nud xepi as ke Supsrnatan

Frazciion (SF}., The precipitate was reasysz.

m : 17 2

vended in 10mis of Tris-dC) wuifcr . refor:

ot . -y - . e P S .
g D% homegenate. The Ireclico wa:r dapro-

. o

teinlses by adding 16l v el 310, an.

mizing ‘horcughly. TYhe nizfure weo furbpne:

cenbrifuged at 2Z000rpw for 20 minutos.
Aliguots ol the Supernalunt {usually 4mls)

were usea for aralyses after a furtber dilu-

Tion to ZO0mls with deionised—distilied

b)) ﬁﬁﬁﬁﬁﬂﬁiﬁﬂ? Fracticn (S¥F):
The Fipsl Supernatdnt £ oim above orocedure
formad the Superratant Fraction (SF). The
total volume was determi-eu. Egaxl voluac

or 0% TGA waws added, mixed thoroughly and

centrifured an ancve Lo romove profoeira.
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_ The protein-free supernatnant was used for
L . ahalysis.

and Cadmium:

(b} Determination of Zind
Zinc and Cadwium concentrations of cach

fraction were determined on Atomic Absorption

f Spectrophetometer (AAS). The procedure and in-
strumeni scttings have been previously stated
2.3.2{A){1ii} and 2.3.2(B)(iii). Turiher

i {=ee
‘of each sample

were meade Lo

' appropriate diluticne

ohtain readings within the range of standards.

STATISTICAL AWNALYSIS OF RESULTS:

‘statisﬁically,

Pifferences between groups were esvaluated
8. - Differencoes

using Studeaf’s L' test for unpaired value
between means were congsidered significant at P<G.05 (5%

lavel ).
Relationship beiveen narameiers {..o., Bhﬁrngens and
Tracg@clemean} wes assessed by Fear.onls correiation co-
cansidered. 5o be signi

efficient {r) and was .

p = £.04L.
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TN VITRO ANDROGEN METABOLISM BY PROSTATIC VISSUES

‘ Prostatic tissucs from 33 hyperplastic and
|
10 carcinomatous glandg were included in this
series of experiments. The BPH patients were

b
v

aged between 50 and 85 years (Average -~ 64.347.8

years) while the CaP patients were zged betveen
56 and 83 vears (68.8+7.8 vears).

The experiments iavolved the study of in
vitro metabolism of (2] Testostercne and {b} DHT
by homogenates and subceliular fractions of

2.

tissu=zs obtained {rom above palients.

Pyevaration of Tissues:

\U
©
P
—

Priostatic tissues were oblained frs
retroputic prostateciomy and conveyed to the
lchoratory in flasks containing ice cubes, - 1r
fhe latorvatoery, each specimen was welighed ard

by

Ehe Uiord steiln remcoved by rinsing wWith lca-sold

)
2
Y
T

"Heigbed noriions {usually betueen 1
arva g rare cvi Jruw Lthe zpocimen and Lrense
farrad to reccipiiclies placed on dce-blocks in

Fa

preparaticn o humogenization.

Homogoeni qzaov ard Preparvation of Subcellular

. X A E oS ity ——

Fractions.

Fhols Tisoue Lomogenale:

One poriion 1-2g) of cach specimen wWos
Fomepeniscd in 2 knewa velume of Tris-HCL burfer
(pH 7.4) such thabt ©.5m1. of the hoemogenzate cone

taines S0ng of tissue. Specimens were kepl ice

cold during homcgerisatvion.
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subcellular Fractions:

Anotheyr (1-2g) portion of each specimen uas
first homogenised as above, and then centrifuged
at 80C % g for 10 minutes in a refrigerated cin-

trifuge. The precipitate obtained formed the

crude Nuclear TFraction which was reconstituted
1

with i0mls of Tris-HKCLl buffer (ph 7.4}, The

Supernatant formed the Supernatant Fraction.

Incubation Proceduire

Testosterone Metabelism:

0.%5ml1 of each type of homogenate (i.e. whole

homogenate, Huclear and Supernatant Fractions)

was put intc sgach test-tnhe Lo which wes sdded

2.0ml .of buffer containing 2mM EDTA, 10% giyce-

0l. tach tube aiso hazd

L

rol and TaM gdithrotherel

1.0m? NADPH (Q.5wM). A1lL, tubes were pulbt in 2

watar bath at 237.7 far § ainateas to akbtalin Thls
tempaoratura., Teslogterone
{equivalent to 3.+ 0. dpn) waa acded to each
tube, Incubation was allowed Lo proceed at 37°¢
30 minutes in a water batn with continuous

al -
for

shaking mechanism.

DHYT Metabolism:

homogenates wyere added
[

’3}471 DUT

The same volumes of

te another set of tubes, but with 0.2nl i

{equivalent to 4.1 x 10" dpm}! as substrate. The

and conditions of incubation were as

periond

above .,
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Termination ef Incubation:

Incubation process in each tube was teprmi-
nated after the chosen interval with Smleg of
methanol :dichloromethane {2:1v/v). Then S0upg
cach cof the foellowing unlabelled steroids
Testostercne, DHY, A-Dione, soidiol, 3 R&diol,
S®dione, was added to each tube as "carriers”.

. ., . .
The tubes were kept at 4°C cvernight {or until

further analysis could be performed).

Extrac tlon of Metabolites:

S

The irncubation mixturs in each tube was

trarisferred to a B or B, Quick fit test-tubes,

2h

where fhe voiume vas radoced. . The radiopotabow

-

istilled dichlovro-

{_";

lites were extracited with red

s@zfhane (2 x 10mls). Extracts of eaczh tube were
pooled, evapcrated o dryness and recopstituted

In 2;0m) of mothsnold {(heherasl fxtractn),

Analysis o Producin of Ingubalion:

e e it T PR,

Thy ragicwstabolites it wihe Meathaaol Futract

were‘aualjgsﬁ by chreomatorraphic  tec Luiqueb on
TLC piates (Silica gel). O.Emi aliguost of the
extract was evaporated %o drynessz and reconmsti-
tuted in 2 minimum amount of chloroform:methanol
Vivy. Tais vwas pul on TLC plave alongside
"etandssd markers? and allowed to run inp
thlercform:ether (7:3} for zabout 45 minutes. A
the end of the interval, the plate was remecved
and allowed to air ary. The 5000s of radiomata.

volites ava “"standard markors" were located
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ecither by fthe characterigtic U.V. lighkt absorp-

ion at 240nw by bdeene-3-oxo steroids {i.e.

o

Testosterone and A-Dione} or by colours these
metabolites produced with ILoedine vapour. The
spots of the "markers" and the metabolites were

then marked.

|

JTdentification and GCuantitation of Radioqgtabg;

ilttes:

The spots of radiometabolites on the lchroma-

b

-

togram werce jidentified by comparing the values

of the "markers™ with those of the mestebollites.

The "marker#”‘were thep atigned such that a hori-
zontnl line could be drawn betweaen 2 "marker" and
2 meiftabolite. ¥ach spot (metabolite) wags then
stooped intc'a‘caunting viul containing 8als o
Seintillator goluitden. The radioactiviiy
Azsdociaten with fach metabolire was fthen Dounted
CPetal radieactivity conitzived in s 0.2mi. of the
or bzinan "Helnanol Ewirwmet? use wdso detorminzd,
Moe ameant of radiometabolites formed was
exprasced as a percentage of radiocactivity
recovered {Teotal radioactivity according te the

following ecuetion:

-y

[ » " s ,

THE padlonetaboilite "YU recoveroed ,

e e X100 = % Y

i‘ﬂ Totzl radiocactivity recovered ; .
o formeg,

Batimotion of Fnuvme Activiiies:

A Lt e — A T - [ VIRUE——

The formation of metobolites was relatsd to

the meiniviiies of the enzymes as follows:

.-

(i} Activiuy ot Dg4rvasductase wasz bossd con tho

i~
v
-
o
¢
H
=,
H
<
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percentage formation of DHT and 3« (B)diols

from testosterone.

(ii) Activity of 3¢ (8) hydrosteroid reductase

‘ waes based on the percentage formation of

SeQ(p) diols from DHT.

(iii)  Activity of 3 {8) hydroxysteroid oxidase

was based on the percentage formation of DHT
from 3« diocl.

{(iv) Activity of 17ﬁ,hydroxystéroid dehydrogenase
(17BOHSD) was based on the percentage forma-
tion of A-DPicne and 5oL Dione from testoste-

rone.

IN VITRO EFFECT OF ZINC ON ANDROGEN METABCLISM
IN PROSTATE

. . . . - 1
Varyging concentrations of exogenous zinc 10 M

to 10—1%M} were added to Yincubation wmixturss'" in

. .2 series of experiments similar to these in 3.7.

MIncubation mixtures® to which exogenous zinc
solution were not added served as "Controls™,

The details were as follows:

I'n Vitro Effect of 7Zinc on Testosterone Metabolism

1ml each of zinc solution of concentration rang-
ing from 10" "M to 107 '*M was added to incubation
mixture contairing 0.5ml (50mg of tissue)-of each
type of homogenate and 0.2ml of (3H) Testosterone.
The mixture also contained 2ml of buffer (Tris-
HC: p¥ 7.4) to which 2mM EDTA, 10% glycerol had

heen added and iml 0,5rM MADPN ., Tho sorizd of

incuhaticon wae ze previcugly dascriboed.
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In Vitro Effect of Zinc on DHT Metabolisom:
3

The procedure above was repeated with (TH) DHT as
substrate. Other conditions wWere as previously
stated.

IN VITRO EFFECT OF CADMIUM ON ANDROGEN METABOLISM
IN THE PROSTATE:

In Vitro experiments similar to those in
section 3.2 were also carried out but varying

-1

concentrations of cadmium (10 107 1%M) were

substituted for zinc.

Other conditicons and procedure of incubation
Wwere as described for zinc,

Conntrols for these experiments contained nc

exogenous zinc or cadmium solutions,

CALCULATION AND EXPRESSION DF RESULTS:

The effect of Zinc -and Cadrium on these in

vitro melabolism of androgen- substrates was cal-

culated by ccmparing-the ameunt of meltabolite
formed from g.particuvlsr subsbrate in the
absence {Centrol-Experiments} -and in the presence
(tests) of'thesé metals,

Results are expressed as percentage increase
or decrease from the maximal total activity in

the "Control Experiments" (Standard Assay).
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RE3IULTS

Relationship Between Plasma Androgens and Trace-

Metals:

Plasma Testosterone (PLT) was significantly
lower in patients with carcinomatous prostafe gland
compared with age-matched BPH and Healthy Controls
(P<0.001)., Levels of this Androgen were notﬁsigni~
ficantly different in age-matched BPH and Healithy
Contrels, thcugh there is overlap betwecen the [two
groups {Table 4.1.1, page9t ). It would appealr that

PLDHT

Plasma level of DHT | ) is higher in BPH ahd CaP

groups wihen compared with age-matched Healthy pontrol,
but these differences are apparent than real as there
are individual variations in levels within the two
EroupY.

Levels of cther Androgens -~ A-Dione and st diol

~were not stabistically different in the tiiree groups

{Table 4.1.1).
-Comparison of the relative -ratices of the princi-

N m
pal androgen PL’ to its metabolites {Table 4.1.2)

_ . _ , T DHT | .
showed a ratio ¢f 8.3 for PL :PL in Healthy Con-
trols and 5.8 in BPH. This suggests an apparently
nigher levels cof PLDHT_in BPH subjects compared with
Controls. However, the ratio of 3.9 in CaP group

abpearz to be a reflection of low levels of PLr in
o " L s PET .
tnie group rather than high FPFL levels. Ratio of

v

other metabolites relative to Pl are shown in Table

4.1.2, pagedn.,

b
n

Plazma levels of Ziae (7L ;i ang vadmiumn
ca™ ™
{PL ) in the three groups of asubjects are shown in



PLASMA LEVELS OF ANDROGENS IN NIGERIANS.

PLASMA HEALTHY
ANDROGENS GRCUF BPH Cab Significance
nmol /1 (n=5%) {n=60) (n=12) of Means.
Testosterone £5.5 + 0.4 14.9 £ 0.4 10.9 £ 0.7 4 v BFE  p»0.10 NS
(8.2 - 22.0) | (8.5 - 21.8) (7.2 ~ 15.2) BPH V° CaP p<.001
Dihydro . -
Tastosterone 2.1 £ 0.3 2.7 + 0.t 2.6 + 0.2 H Vv BPH p>0.10 NS
(G.8 ~ 3.8) (1.5 = 4.6) (1.5 - 3.5) BPH V_ CaP p>0.10 NS
Androstenedione( 3.5 % G.5 3.4 £ 0.2 3.4 + 0.2 H v® gPH p>0.10 NS
: {1.6 - 5.2) (2.0 - 5.7 (2.6 - 4.2) BPH V CaP p>0.10 NS
3% Androstane- |1.0 + 014 | 6.95 & 0.1 0.95 + 0.1 g v® BPE - p>0.10 NS
diol {(C.4 - 1.9) (0.6 ~ 1.8) (0.4 - 1.8) BFH V~ CaP p>0.10 NS

N.S.

i

H.

TABLE 4.1.1.

Mean * SEM of plasma levels of androgens in Healtny, BPH and CaP subjects. Thew ranges cof results

are shown in brackets under thé;mean.‘significance of difference of zeans was determined by Students 't

Not Significant

Heélthy Croup.

.

test for unpaired valaes. p is significant when p<0.05.

Lb
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‘ ' ’ .
RATICS OF PLASMA ANDROGENS AND TRACE-METALS

. —

. Healthy Contrcls BPH CaP
fn=55%) (n=60) (n=12)
ANDROGENS :
T/DHT 8.3 5.8 3.9
T/DHT + DIOL 5.5 ' 4.3 2.8
7 T/A~-DIONE 4.5 4.5 3.3
TRACE-METALS :
ZINC/CADMIUM 1.0 i.2 0.5

tapLE 4.1-2.

Comparison of ratics of metaboliites Lo the principal
androgen - Testosterone, in plasma samples from the three groups of

subjects. ‘the zatio of the trace-metals. in .each group is also compared.

caa T



i
PLAGMA LEVELS  OF ZINC TN NIGERIANS

VXN

Healthy
Gontrols
i

lean + SENM W0 % 0.5 | 16,5 & 0.6 1.2+ 0Qe7,

{(Umel/1)
R?ng@ 8-6 - 2‘)‘.? 908 - 3016 702 -~ 1540
]
PR—— [}

Pable L1, 3(a}:

-

_Levels of Zine {Mean + SEM uwrel/1} in plasm: szople of &

Healthy Contrels, 60 BFH and 12 2aF Patients.

Conversion of ST Unit to comventicnel Units tumel/1 cquals 6.537/ug/ 100ml.



i

PLASHMA CADMIUM THEVELS IR NIGERTANS

Eealth BFE Car
Controls

Mean + SOM 5.2 + 0.6 ' 15.5 + 0.7 24.2 + 0.9
(rmo1/1) |

Rakl@:«'—: 1240 = EOQb | EGQ;.) "’.--227-; .15:5 - 38.5

——_— oy Sty

Table hole 3(0):
. Plasma levelz of cedmium {(Mean B nuol/1) an 2% hexlthy Controls,
30 BPH and 12CaP patients. Cenverzion of SY Unit to conventional

~1mmel/1 equais 0.0 1124 ug/1C0xl.
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‘Table é.1.3(aj and (b} pages 93 and 94 .

RN .
pLEM i significantly higher in BPE compared
with the levels in Healthy Controls (P4£0.001) and
' ' catt
-LaP patients (P <0.001). In contrast, PL is

" significantly higher in CaP patients but the levels

in heélthy controls and BPH are not significantly

different (P2>0.10).
Relationship between Plasmz Androgens and Trace-
Metals expressed as Correlation Coefficient (r) is

shown in Tebles 4.1.4 -and 4.1.5. Therc was a strong

Y

s . . Zn .
positive association between PL and PL” in all the

. DHT czntT
three groups of subjects. PL and PL are also

positively correlated in healthy control group
(r = 0.422; p«0.,001}, this relationship was not

observed in other groups of patients. In healthy con-

trol groups, ppA-Dione was observed to be signifi-
Zn** |

cantly velakted to PL ;3 this was similar te the

observation in BPH group though less significantly so.
++
PLCd levels were not strongly correlated with
Androgens in the three groups, although thers were

some weak asscciations with PLT (r = 0.501; p£20.01)

and PLDHT ir
and'PLDhr {r

0.346; p=>»0.05) in healthy cocntrols,

O.7T7T7; p£CG.01) in CaP group {Table

.

4.1.5% page 91 ).

g
Zn. 5% s above 1.0 in BPH

The ratios of PL
group while this ratic was 0.5 in CalP group. Rela-

tionship betueen }n:Cd and androgens in plasma showed

a strony asscciation between this ratio and PLT,
- - DHT “ e ) ;
(r = 0L4RE; ng 0.05), PL H (r = $.73C; pea G001,

c
PLETYEOM® (e 2 0.489; pg0.05) ang pL3% 90l
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CORRELATION OF TRACE-METALS AND ANDROGENS IN PLASMA

f

: Correlation Coefficient (r} and Significance(p)
Trace-Metal
Andr dgens Healthy Control BPH CaPp
[pmol: nmol]
T 0.683 - 0.525 0.540
p<0.001 p<0.001 - p>0.05
ZINC: -~ DHT 0.422 0.079 0.252
p<0.001 - p>»C.10 NS p>0.10 NS
A-LICNE 0.686 0.282 ~0.092 )
p<0.001 ' p<0.02 p>0.10 NS
" 3 DIOL ~0.098 0.038 0.217
p>0.10 NS p>C.10 NS p>»0.10 NS
. TABLE 4.,%4,
Zine

Relationship between plasma Gadmium and Androgens in Healthy
Controls, BPH and CaP patients, expressed as Correlation Coefficient (r).
p is significant at < 0.05.
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|

) CORRELATION OF TRACE-METALS AND ANDRUGENS IN PLASHMA.

Trace-Metal:

Correlation Coefficient {(r) and Significance (p)

%ndrcgens. Healthy Controls BPH . Cap
i ’ (n=22} (n=30) {n=12)
[amel: nmol]
. 0.501 0.296 0.336
px0.01 p = 0.0 p>0.10 NS
CADMIUM: DHT 0.346 0.169 0.777
p>0.05 p>0.10 NS p<0.01
A-DIONE 0.0235 0.272 0.319
p>0.10 NS p>0.10 NS | p>0.10 NS
3a(DIOL -0.004 0.279 0.338
PX0.10 NS p>0.10 NS p>0.10 WS

TABLE 4,3.5.

Contrxols, BPH and Cal patients, expressed as Correlation Ceoefficient (r},

p is significant at < 0.05.

Relationship between plasma Cadmium and Androgens in Healthy




1

‘

! :
' . !
i

ZINC: CADMIUM RATIO AND PLASMA ANDROGENS.

'- o [Zn: o))
oy DHT A-DIONE 3 Q¢ DIOL.

Healthy r 0.465 0.730 0.489 0.679
Controls P <0.05 2.0.001 <0,05 20,001
BPH r -0.045 0.214 0.058 0.115

» 580,10 NS - p>0.10 NS 0.10 N3 |»0.10 NS
CaPp x »0.321 0.119 -0.139 -0.104

p 0.10 NS | »0.10 Ns | 0.10 NS [»0.10 NS

raprE 4.1.8

. Coxrelation of Zn: C4 ratio with plasma androgens expressed as

Correlatinn Coefficient (r) Statistical significance is when p < 0.05.
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(r = 0.679; p<0.001) in healthy contrecls. This
asscciation was not observed in other groups (Table
4.1.6).

Relatibnship Between Androgens and Trace~-Metals in

Prostatic Tissue Homogenates:

P?ostatic tigsves from CaP patienﬁs showed a
significantly higher concentration of Testosterone
{P<£0.001) and A-Dione (P «<£0,0017) than in tissues

from Normals and BPH (Table 4.2.1 page iGt ). Prosta-

tic DHT concentration TPRDHP) was significantly

higher in hyperplastic tissues than in either normal
or malignant tissues (PL0.001 in each cage). Normal

tissves contained very low testosterone but compara-

Diol

tively higher (PR ) which was significantly

different from BPH (P> 0.002) and CaP (P<0.001).

Table 4.2l2 page {02 shows the relative ratios of PRT

to qther metabolites. It is observed from this Table

Diol

that the sum of (PRPITY) and (PR ) relative to

(PRT) is much higher in Normals and DPH and lower in
CeP, The high ratioc of DHT to Diel in BPH is indica-
tive of high {PRDHT} in these tissues compared with
nermal tissues.’

Endogencus concentration of Zinc (PRzn} was sig-
nificantly higher in BEFB compared with Normals
(P£0.002) or CaP (P<£0.001), {(Table £.2.3 page [03).
Correlation of prostatic androgens with zinc shows a
strong positive association between PRZn and PRDHT
and PRT respectively in BPH (r = o.ai?, ﬁ;;o.OOp

r = 0.682, n20.001), but much yesker nssociaticn in

‘both Normals (P> 0.10) and CaP (P%0.10). ‘fThere is a
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dlol} and

weak negative correlation between (PR

(PR“?) in both normal and malignant tissues

(Table 4.2.4, page 104-). Prostatic cadmium (PRCd) is

significantly higher in CaP conmpared with Normals or

"BPH (P<€0.001), Although there appears to be a strong

e L . ca¥t ST
positive association between (PR Y and {PR™ )} and

A-Dicne - oo ) ! s
' °¥y) respectively in normals, these associa-

(PR
tions are not statistically significant (P> 0.0},
Similariy, the negative correlation between thijs trace

i . diel, . ! . o C em o .
element and (PR ) is not significant (Table |4.2.5

page 10§ ). There is an inverse relationship

Ca . T . .
between {PR7) and DHT in Normal and PR™ in malignant
tisgsues. Intraprostatic concentrations of cadmium and

androgens in hyperplastic tissues are not correlated.

Subcellular Androgens and Trace-Melals:

Testosterone; DHT and A-Dione are almost evenly

distributed in both. nuclear and supernatant fractions

~of normal prostatic tissues, but 2o¢diol was signifi-

cantly higher in the nuclear fraction than in
cytoplasmic fraction (P<£0.001) (Table 4.3.1, page Q8 ).
In hyperplastic tisgsues up to 70% of DHT measured was
found in the nuclear [raction whileé a greater percen-
tage {62.5%) of 3&diol was concentrated in the
cytoplasm. Other androgens were egually distributed
between the twd subcellular ffactions of hyperplastic
tissués. The cytovlasm {(Supernaiant Fréction) is the
location of about 60% of Testostrrone and A-Dione
ﬁeasured in maligpant tissues. Lthoneh the nugiesr
fraction also contained suhstantial smeonnts Af thees

androgens (Fig. 4.1, poge 14 ).



DROSTATIC ANDROGENS IN NIGERIANS. T
- —
Prostatic l ' _ Significance
Androgens NORMAL !_ . BPFH CcaP of
ng/g Wet Weight {n=10) (n=60) (n=190) Means P
Testosterone 0.3 £ 0.05(SEM 0.3 + 0.03(sEM) 7.9 £ 0.6{SE) N Vs BPH > 0.05

BPH V- CaP < 0.001

DHT 1.7 + 0.18 4.9 £ 0.2 1.7 £ 0.2 N v° BPH < 0.001 -
: : BPH Vv CaP < 0.001
A-DIONE 0.2 % 6.03 0.2 £ 0.01 4.7 % 0.3 N V° BPH NS
BPFH Vv~ CaP < 0.001 ‘C';
3%{ DIOL 2.3 = 0.24 1.2 + 0.1{(SE) | 0.4 % 0.06 N VT BPH > 0.002
BPH V CaP < 0.001
NS = ©Not Significant.

TABLE 4.2.1

Mean + SEM Androgens concentrations in Prostatic tissues from Normal (Altopsy Specimens)
BPE and CaP. Mean between grousp are significant when p < 0.05.



f ' RATIOS OF PROSTATIC ANDROGENS IN NORMAL BPH
AND CaP TISSUES ) )

! i
i

NORMAL BPH cap
II -
, [ng:ngj
[ T/DHT 0.2 0.08 5.4
T/DHT + DIOL 0.08 0.07 4.2
T/B-DIONE 2.7 3.3 2.0
DHT /DIOL 0.8 . 10.1 3.9

TABLE 4. 2.2
Comparison of the concentrations of testosterone with its
metakbolites in the tissues from the three groups of subjects,

expressed as ratios.
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ZINCE AND CADMIUM CONCENTRATIONSIN PROGSTATIC TISSUE
HOMOGENATES OF NORMAL, BPH AND CaP

i ~
Trace-Metals NORMALS BPH cap
Mean * SEM. (n=10) {n=60) {n=10)

, ;
Zince Jimol /g 12.1 £ 0.8 17.9 + 0.6 2.9 £ 0.4

N ua/g (791 * 55.5ug/g)| (1170 £ 39.2) (189.¢ £ 26.1)

Cadmium nmol/g 3.8 £ 0.63 i4.6 + 1,1 28.9 + .37

“ug/g (0.4 + 0.07) (1.6 £ 0.12} (3.2 + 0.04)

TABLE 4,2,3

Analysis of prostatic tissues for Zinc and Cadmium in 10 Normal

60, benign hyperplastic and 10 carcinomatciis tissues.
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A E
f ’ CORRELATION OF ZINC  ~ AND PROSTATIC ANDROGENS
: i
i
Trace Metals: Correlation Co-efficient (r} and Significance
Androgens
5 NORMAT, - BPH cap
{n=10} ‘ {n=60) " (n=10)
[mol: ng] ~0.537 ' 0.682 . 0.250
. T p>0.10 p<0.001 p>0.10 £
ZINﬁﬁ
DHT 0,203 0.417 0.231
p>0.10 NS p<0.061 p>0.10 HE
> A-DIONE ~0.370 | -0.113 0.021
: p>0.10 NS p>0,10 NS p>0.10 NS
3 o{DIOL ~0.228 0.057 ~-0.200
pr0.10 NS pr0.10 NS p>0.10 NS

TABLE4,?,4

Relationship between prostatic Zinc and Androgens
Concentrations expressed as Coxrelation Co-cfficient (x) Significance is

at p<d.os



;

CCRRELATION OF CADMIUM AND PROSTATIC ANDROGENS

1C5H

Trace-Metal : Correlation Co-efficient (x} and SignificancaUD)
Andzrogen
| - —
NORMALS BPH CaP
{n=10) {n=60} (n=10)
[nmol: ng)
r T 0.458 0.132 ~0.679
i p>0.10 NS p>0.10 NS p<0.05
CADMIUM: DHT -0.603 ~0.002 -0.241
p30.05 p>0.10 NS p>0.10 NS
B~DIONE 0.406 -0.142 -0.082
p>0.10 NS p>0.10 NS p>0.10 NS
3o{DIOL -0.154 -0.204 -0.225
p>0.10 NS 2>0.10 NS p>0.10 NS
N.S. = Not Significant

TABLE 4 2.5

Relationship between prostatic cadmium and androgens

concentrations expressed as Correlation Co-~efficient (r).

Significance is at p<0.05.
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The nuclear fraction contained between 55 and
éo%wof the total zinc measured in hyperplastic
tissues while about AO%‘was located within the cyto-
plasm (Fig. 4.2, page {I1§). Despite the overall lcw
concentration of zinc in malignant tissue,; this
metal was evenly distributed between the two subcellu-
lar fractions;.this was similar to the observation in
normal tissuesm(Fig. é.zrpage 1§ and Table 4.3.2,
pége!OS).

l However, a greater proportion of cadmium (55 -
70%} was measured in the cytoplasm of all tissues.
Normal tissues contained very low concentration of

cadmium in contrast to malignant tissues which bad

high levels {(Fig. 4.3, pagellb).

Relationship Between Androgens and Trace-Metals:

Table 4.3.3, page |10 shows that there was a
strong inverse relat;onship between Zinc and Testos-
terone in both subcellular fractions of Hormal
tissues (r ==0.928 (NF}; r = -0.870 (SF); p< 0.001
and p&£ 0.00%1 in each case)., This relationship was
absent in hyperplastic tissues. There were some
positive asscciations in the supernatant fractions of

malignant tissues, hut these were not statistically

++
significant. PRzn Wag also inversely related to
DHT . o : .
FR in the supernatant fraction of hyperplastic
tissues (r = -0.563, p£0.001), a relationship which

was not observed in the nuclear fraction (Table 4,.3.3).
In contrast, Zinc and A-Dione were associated posi-

VIVeLy ihn Lhe iuclear traction (r = 0.759; p<g 0.05)
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énd negatively in the supernatnant fractions

fr = -0.669; p<0.001) of BPH tissues. There were no

obvious relationships betﬁeen zinc and other andro-

gens in beth fractions of thése gfoup of tissues.
-Cadmium concentrations were

negatively correlated with Testosterone and A-Dione

in the supernatént fractiéns offméiignant_tissues

{:r* = ;-0.623, PL 010 and r = -0.754, p £0.05],

wﬁereas this metal was only weakly related to A-Dione

|
in the nuclear fraction of this tissue (r = -0.668,

| .
P 20.05). Cadmium was also strongly related to
3etdiol in both subcellular fractions (Tables 4.3,5,

4.3.6). Correlations between this metal and other

androgens in subcellular fractions of hyperplastic

and normal tissues are shown in Tables 4.3.5 and

4.3.6 resbectively.



SUBCELLULAR DISTRIBUTION OF ANDROGENS

e

IN PROSTATIC TISSUE HOMOGENATES.

hndrogens NORMALS BPH carp
Mean + SEM {n = 10) (n = 28) (n = 8)
n?fﬂ NE SF NE S5F NE S
, ‘
iy 0.09 0.17 C.14 G.27 1.7 4.5
& 0.02 * C.03 + §5.02 + .02 + 0.13 + 0.6
(rr = 22} (n = 26)
DHT 0.7 1 3.5 2 0.5 0.96
£ 0.1 + .09 + 0.22 + 0.08 £ C.15 + 0.18
A-DIONE 0.06 0.12 0.09 0.1 1.2 2.4
+ 007 +* 0.02 + 0.02 + 0.02 + 0.12 + (.28
{n=2) (n=6} {n=21)"
3o DICL 1.06 0.65 0.3 0.5 0.12 0.23
+ 0.06 + 0.G7 i+ .04 + 0.06 + 0.03 i 0.0%
{n=24) (n=26)
M

Concentrations cf androgens in Subeellular fractions of prostatic tissues of Normal,

BPH and Cap Patients. Fractions are abbreviated as NF = Nuclear Fraction; SF = Supernatant

Fraction.

801
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SUBCELIULAR DISTRIBUTION OF ZINC AND CADMIUM IN PROSTATIC TISSUES

- NORMAL BPH CaP
TRACE METAL (n=10) (n=28) (n=6)
Zinc (pmol /g i |
N : <, L4020, .2 = 0. + 0.

wet weight) NOCLEAR 5.7 £ 0.5 1.2 £ 0.6 1.8 % 0.27
Mean * SE SUPERNATANT | 6.0 = 0.5 7.6 £ 0.4 1.2/ 0.17
Cadmiuvminmol /g | NUCLEAR 1.1 £ 0.2 4.6 % 0.6 .3 x 1.7
Mean = SE SUPERNATANT 2,2 £ 0.8 9.9 + 1.2 17.4 £ 3.2

TABLE 4.3.2.

Distribution of Zince and Cadmium in the nuclear and supernatant

fractions of tissue homogenates of Normal, BPR and Cap.
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CORRELATION OF CONCENTRATION OF ANDROGENS WITH TRACE~-METALS

Il THE NUCLEAR FRACTION

Correlation Co-efficient (r) Significance (p)

Nuclear Fractione of prostatic tissues from 1C Hormal

6 CakP.

NORMAIL BPH cap
[pmol: ﬁg] .
T -0.928 0.050 -0.208
! p<0.001 p>0G.10 NS pP>0.10 NS
ZINC: DHT -0.276 ~0.01¢& 0.125
p>0.10 NS p>0.10 NS p>0.,10 NS
*
A-DIONE -1.000 G.759 0.495
p<0.001 p<0. 00} p>0.10 NS
3% DICL -0.371 0.170 ' 0.166
p>0.10 NS 120,10 NS px0.1C NS
NS Net Significant

TARLE 4.3.3

Relationship between prostatic Zinc and Androgens Concentrations in

{* Only Two Samples were analysed) .

tissues,

28 BPH and
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CORRELATION OF TRACE-METAL AND ANDROGENS IN SUPERNATANT

FRACTICNS

Correlation Co-efficient (r) and Significance (p)
!
' NORMAL BPH CaP
[pmol: ngl -0.870 -0.160 0.611
: T. p<0.001 p>0.10 K8 p>0.10C NS
; ,
[ ]
ZINC:-  DHT -0.451 -0.563 0.110
p>0.10 NS p<0.001 p>0.10 NS
A-DIONE 0.705 -0.608 0.203
px0.05 p<0.001 p>0.10 NS
(n=6)
3ol DIOL -0.435 0.101 0.042
p>»0.10 1S p>-2.10 NS p>0.10 NS
TABLE 4. 3.4

Relationship between Zinc and Androgens in Supernatant Fraction

of prostatic tissues.




+ ]
!
!
o
. CORRELATION GF CADMIUM AND ANDROGENS IN NUCLEAR FRACTTONS.
/
{
f .
. Correlation Co-efficient (x} and Significancel|f ’
NORMAL BPH cap
inmol/ngi
T 0.578 ‘ 0.009 -0.206
p>C. 05 ' p>0.10 NS p>0.10 NS
™~
CADMIUN: — DHT -0.302 ~0.134 -0.082
p>0.10 N3 p>0.10 NS p>0.10 WS
A-DIONE -1.00 0.085 -0.668
p<0.001 p>0.10 NS p>0.08
3¢ DIOL -0.188 =-0.158 ~0.757
p>3.10 KS p>0.10 N8 p<0.05
IPABLE 4-3-5
Relationship between Cadmium and Androgens in Muclear Fraction of
10 Normal, 28 BPH and 6 CaP tissues, expressed as correlation Co-efficient (x}.
{(* 2 samples cnly).
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CORRELATION OF CADMIUM AND ANDROGENS IN SUPERNATANT FRACTIONS

Correlation Co-efficient (r) and Significance (p}
NORMAL BPH caP
T 0.077 - 0.249 - 0.623
) p>0.10 NS p>0.10 NS py0.10 NS
CADMIUM:- DHT -0.561 - 0.285 0.020
p<0.10 . NS p>0.10 NS p>0.10 IS
A-DIONE | 0.581 0.149 - 0.754
p<0.10 NS p>0.10 NS p<0.05
30 DIOL. -0.333 -0.172 0.945
p>0.10 NS p>0.10 NS p<0.08l
|

TABLE 4.3.6. ' o

Relationship between Cadmium and Androgens in Supernatant

Fractions of prostatic tissues.

Significance {p) is at p<0.05

NS = Not significant .
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DISTRIBUT!ION OF ANDROGENS [N PROSTATIC TISSUES
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SUBCELLULAR DISTRIBUTION OF ZINC IN PROSTATE TiSSUE

e N !'/ -
- ‘ 7} NORMAL TISSUE
f{ f:;:? 18 757 BPH TISSUE
16 Rei e
Wetwe. 10 p\*{ﬁﬁlﬁ'@u_}\;@ﬁ; CaP TISSUE
14 4
. 12 = 7
10 . //,

n

Whole Homrogenate Muclear Fraction Supernatant Fraction

Fig. 4.2 Concentrations of zinc {umol/g} in whole tissue homogenate,
Nuclear Fraction and Supernatant fracticns of Normal, BPH
and Ca? Tissues,




. SUBCELLULAR DISTRIBUTION OF CADMIUM IN PROSTATE

1

cqtt ] NORMAL TISSUE
1/9).18: ] .
“ylamal/g). T BPH TISSUE
116 = TH caP TISSUE
. 14 o
(.12 -
10 = -
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o |
(6
1'4 n 'fT‘;
7
72 - / EIHI Ili T' ’y
— : : L Ay ot %
0 % Al !j/] 4 bz
Supernatant Fraction

Whole Homogznate Muclear Fracticn

Fig. 43 .Concentrations of Cadmium (nmel/g) in whole homogenate, Nuciear Fraction
and Supsrnatant fractions of Normal, BPH and CaP Tissues



Androgen Metabollam in Prostate Tiasues

Testosterone Metabolism:

EE vitro incubatior of testosterone produced
DHTpas a2 major metabolite in whole tissue homogenate
(36.2:6.1%) in nuclear (56.3+11.2%) and in superna-
tant {35.1:9;8%) fractions of hyperplastic tfssues.
Similar resultsz, though to a lesser degree, vere
obtained in malignant tissues {(Table 4.4.1 pdze (I3

and Table 4.4.2, page {|2). A-Dione (23.7+7.5%) was

-alsc obtained from malignant tissues, which suggests

increased'1?£0HSD activity in these tissues clompared

with hyperplastic tissues. Supernatant fraction of
malignant @issues also showed increased 17A0HSD acti-
vity (48.6:10.?%), wheireas the activity of this
enzyme was very low in this fraction in hyporplastic
tissues., S reductase was tLhe dominant enzyme in
hyberplastic tissues, especially in phe nuclear
fraction (Table 4.4.4, pagelZl) though malignant

tissues also showed substantial activity of this

enzyne . N

Hyperplastic tissues conftained 30l OHSD activity
which was more proncunced in the supernatant frac-
tion compared with the low activity in the nuclear
fraction. In contrast, the activity of this enzyme
was very low In both nuclear and supernatant

fractions of malignant tissues (Table 4.4.4, pagel2i)

Dihydrofestosterone Metaboliam.

12 R/eY uansg the

Indrostenadisl (3 and 28y (42 N
i

Nt ot e
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IN VITRQ METABCLISM OF TESTOSTLRONE IN PROSTATIC
TISSUES HOMOGENATES

% Pormation of Metabolites
Mean * 5D

Androgen
Melabolites BPH CaP

DHT 30.2 £ 6.1 21.4 + 4.3

DIOLS 13.4 & 3.3 7.9 + 1.8

A-DIONE 4.5 £ 1.4 23.2 + 7.5

S5A DIONE 2.2 + 1.1 7.5+ 1.8 !

TABLE 4.4.1
Fxperimental formation of eandrogen metabeolites in whole tissus
homogenate of BPH énd Can 80mg of tissue was incubated with-{3H]
Testosterone (0.4uC) at 370C for 30 mins. Incuhation medium contains
0.5mM NAOPH, 2mM EDTA in a fris-Hel buffer (pH 7.4). Other conditicns
of incubaticon are as in the text. Results are expressed as percentage

(%) of Total radiocactivity recovered from incubation.



~ IN VITRO METABOLISM OF TESTOSTERONE IN SUBCELLULAR FRACTION QF
BPH AND CaP TISSUE HOMOGENATES.

. -BFH Car
% Formation Mean % SD $ Formation Mezan * SD
N?CLEAR SUPERNATANT NUCLEAR SUPERNATANT
DHT 56.3%11.2 35,1 f 9.8 24.2 £ 3.7 19.9 * 4.2
DIOLS 5.2%1.5 12.9 ¢ 2.3 1.0 £ 0.4 2,1 £ 0.7
A-DICONE 1.6% 4.9 + 1.7 1.2 44.9 + 9.6
5 e -DIONE <1% i.B + 0.7 <1% 3.7 2 1.7

TABLE 4.4.2
Formation of metabolites (%) in subcellular fractions of
.BPH and Cap tissues following incubation with [3ﬁ] Testosterone.
The incubation mixture contained 2mM EDTA, 0.5mM NADPH in Tris-Hcl
buffer (pH 7.4). Results are expressed as % radio activity recovered

firrom incubation.



ACTIVITIES OF ENZYMES IN PROSTATIC TISSUE HOMOGENATES

Tissue 3 & {OHSD
. A c
i Homogenate > Reductase {Reductase) 17ﬁ; ORSD
BPH 45,2 £ 7.1 13.9 = 2.9 6.7 + 2.2
CaP 28.3 ¢ 5.7 7.9 % 1.8 29.5 x 8.0

TABLE 4.4.3

Metabelites formed from conversion of Testosterone are
related to the activities of the enzymes in tissue homogenate
competing for the substrate. % DHT plus % Diols = 5™Xreductase
activity, % Diel = 3 olORSD (reductase) activity, % A-Dione

plus 5-DIONE = 1'7ﬁ OHSD activity.
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_ ACTIVITIES OF ENZYMES IN SUBCELLUALR FRACTICNS OF PROSTATIC
! . TISSUE HOMOGENATES

Tissue NUCLEAR FRACTION SUPERNANTANT FRACTION
Homogenate ' .
A5 lreductase| 3oL QHSD 17,6 cusn| Solreductase| 300 OHSD 17/3, ONSD
. (Reductase) ) Reductase ~
BPH 61.4 = 1z.5 5.2 £ 1.5 1.6 + 0.6} 48.0 £ 10.7 12,9 £ 2.3 6.7 = 3.7
Cap 25,2 + 3.7 1.0 £ 0.4 1.2 % 0.2] 21.5 + 4.5 1.7 t'0.9l 48.6 * 10.2

TABLE 4.4.4 : -

Activities of enzymes in the subcellular fractions are
related to the ¢ metakolites formed from Testosterone.

Results show Mean * SD.



I IN VITRO METABOLISM OF DHT IN TISSUE HOMQGENATES

% Formation of Metabolites
: Mean * SD
BPH CaP
DIOLS 43.0 = 13.5 17.4 + 3.9
S G DIONE 5.3 & 2.6 33.9 12 9

TABLE 4 4.5

Metabolites (Mesn #* SD) formed from incubation of
3. . .
["H] DHT with tissue hcmogehates. Results are expressed

as percentage (%) of Total radioactivity recovered from

incubation. The experiment was performed on 18 hyperplastic

and 6 malignant tissues.



4,5,

on In vitro Metabolism of Androgens

123

DHT in whole tissuve homogenales, though the

results were Qariable between tissﬁéé. Other de-
tectable metabolites included 5« Dicne (5.3+2.6%)
while a greater preoportion of the substrate remained
uncenverted. Formation of A-Dicne from DHT was very
minimal and was disregarded. In malignant tissues,
59 Dione was the major metabolite accounting kor
33.9+12.9% while Diol formed 17.4+3.9% {(Tablej4.4.5,

page 1A2).

=
)
ot
W
=t
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Influence of Endogencus Concentrationsof Traceée-~

Lffect of Endogencus Zinc: .

We examined the relationship between endogenous

concentration of zinc in a tissuve and in vitro

metabolip activities of enzymes in the same tissue
in order to establish 1f this metal influences
enzyme activities in the tissue.

Results showed fhat there was an inverse rela-
tionship beiween ziﬁc and 5o reductase enzyme
activity (r = «0.554; p<0.0017); 3ctOHSD (r = =0.462;
p<0.001) and 1740HSD (r = -0.629; p(O..OOI) in |
tissue homogenates of hyperplastic tissue {Figs. 4.4,
4.5., 4.6 pages (24— !1&)

This relationship waé net observed in tissue homoge-

e 4.5.2, page (2.8 ).

=~

nates of malignant tissues (Tab.
In subcellular fractions, the zinc conlent of the
nuclear fraction was‘also inversely related to the
metébolic activity of the tissue,. though iless signi-
icanvly so (Tabie 4.5.1, pagei27 ). Intraprostatic

cencentration of zinc in subecellular fractions of
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A o
EFFECT OF ENDOGENOUS ZINC 0N 3« OHSD
40-
r = =0.462
p < 0.01 >0.001
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Fig-45  Relationship betwsen endogenous concentration of zine
- . and 3o OHSD activity in tissue homogenates of 33 hyperplastic
tigsua, ‘




% A-DIONE + 5 DIONE FORMED (1780HSD ACTIVITY)
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Fig. 2.6 Relationship between endoganous zine and 1760HSD

©-activity in 33 hyperpiastic prostatic tissues
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CORRELATION OF ZINC TO ENZYME ACTIVITIES IN HYPERPLASTIC

TISSUES
WHOLE TISSUE NF SF !
5 reductase -~ (0.554 - 0.245 - 0.036
»<0.001 p>0.10 p>0.10
3¢ QHSD -0.,462 -0.655 - 0.217
p<0.01>0.000 p<0.01 p>0.190
"~ 178 ousp -~ 0.629 - 0.656 - 0.367
p<0.001 p<0.01 p>0.1C
! ¥
TABLE 4.5.1. .
zZinc

Relationship between endogenous concentration of
and retaholie activities of 33 hyperplastic tissue homogenates, and

18 subcellular fractions. Correlation Coefficient (r) is significant

at p<0.05.
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CORRELATION OF ZIMNC TO ENZYME ACTIVITIES IN

MALIGNANT TISSUES.

W.H NF SF
5% reductase ~ 0.086 0.192 - 0.681
p>0.10 p>0.10 p<0.1C>0.05
30l OR3D - 0.071 0.052 0.43%9
p>0.10 p>0.10 - p>0.10
17/ OHSD ¢.024 '0.612 - 0.052%
p>0.10 p>0.10 p>0.10

TRBLE 4.5.2.

-

Relationship between endogenous Zinc and metabolic activities

of 10 malignant tissues and 6 subcellular fractions. Correlation

Coefficient (r) is significant at p<0.05.
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malignant tissue homogenates was not significantly

rolated to any enzyme activity in the tissue (Table

4.5.é cage I23)

’

Effect of Endogenous Cadmium:

Investigations of the effect of endogenous con-
centfation of cadmium showed no significant relation-
ship between this metal and S5cireductase or 3wOHSD
activities in hyperplastic tiszsues. However, a weal
positive correlation was observed with 17A0HSD acti-
vity (r = 0.347; p>0.05) (Table 4.5.3, page i30)

In malignant tissues; an inverse relationship
betvween cadmium and 5& reductase activity was
observed (r = ~0.656, p40.05), but there were no
statistically significant correlaticn with other

enzymesin this tissue (Table 4.5.3, page i30).

In Vitro Effect of Zinc:

fddition of zinc concenirations between 1071 -
10™% inhibited the formation of DHT from hestoste-
rone. Though the degree of inhibition varied
between tissues, scme tissues showed up to 60% and
0% inhibition of the standard assay in hyperplastic
and malignant tissues respéctively. With c¢oncentre-~

-6

tions between 10 - 10" 12y

, we vbserved an increassa
above standard assay (i.c. Controls) in all tissues.
This stimulation was up fto 95% in hyperplastic
tissves and 60% in wmalignant tissuves (Fig. 4.8{a)).
Wnen DHT was substituted as the substirate, a
simiiar observation was made. Concentrations of

- D
zinc between 10 ' and 10 4 inhibited the formation of
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Influence of Endogenous Cadmium on

[ ! Enzymes Activities

!" |
Enzyme . Hyperplastic Malignant
Activities Tissues Tissues
Smreductase r 0.038 -0.656
p > 0.10 NS p<cO .05
3«OHSD r 0.0096 ~0.190
p > 0.10 NS p>0.10 NS
t7EOHSD : - r 0.347 0.048
p > 0,05 Pr0.10 N3

Table 4.4.8:

Endogenous tissue concentrations of cadmium were
correlated with ih vitro metabolic activities of enzymes
in the tissue., % format%on of DHT plus Diols = S5creduc-
tase Activity; % DIOLS =‘3aOHSD Activity; % A-Dione plus

>ellione = 1780HSD activity.
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% DHT + DIOLS FORMED {5« Reductase Activity)
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EFFECT OF ZINC ON ANDROGEN METABOLISM

40
T
30 . -
lf’ '
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ConTROL —12 ~10 -3 -8 -4 -2 -1
ZING 1

Fig. 4.8(a) In vitrc effect of varying concentrations of zinc on the conversion of
testosterone vo DHT and DIOLS (5 « reductase activity) in BPH and
.CaP tissues. Each point represents 26 hyperplastic and 10 matighant

TT tissues, - o o
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Diol by between 40 and 60% in hyperplastic tissues
while low concentrationslstimulated the cecnversion
by up to 70% of the standard assay (Fig. 4.8(b)).
In malignant tissues, the stimulatory effect was
39% above the standard assay while the inhibitory

effect was 44% cf the standard assay,

In Eigzg Effect of Cadmium:

Concentrations of cadmium above 10~ °M sup-
pressed the formation of DHT and Diols from testos-

terone in hyperplastic tissues by between 60 and 9o

e 5
rof the standard assay. With concentrations of 10°°

- 10”12H, no consistent effect wes observed. Only
four specimens showed increased formation of nmetabo-
lites of 20-30%. In malignant tissues, the
inhibitory effect with conceﬁtrations avove 10'6M
was up to 100% in some tissues (Table 4.6.1).

With DHT as substrate, cadmium concentrations
between 10 and 10”7M inhibited the formaticn of
Diols by 80-100% of the standard assay in hyper-
ﬁlastic tissues, while experiments with malignant
tissues also showed inhibitions of up to 100% in
many tissues. Additions of concentrations between

5 ~i2

1077 and 10 M had no consistent effects on the

enzyme activities in these tissues (Table 4.56.2).
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A
IN VITRO EFFECT OF CADMIUM ON ANPROGEN METABOLISH.
BPH Cap
2% 7
Metabolites Formed |Metabolites Formed
Mean = SD Mean £ SD
Control _ |
i 57.4 + 8.0 30.0 £ 7.9
107" 7.3 £ 1.9 1.3 1.5
1078 | 118 £ 3.3 2.3 % 0.9
s | ! 1078 16.3 + 3.4 8.5 + 1.5
| T 0.4 + 7.6 12.2 4 4.6
1078 46.6 + 12.6 16.5 £ 6.1
10710 1 51,7 £ 10,7 21.1 & 4.5
19712 | 487 £ 11.2 19.4 % 5.3

TABLE 4.6.1

Effect of additions of varying concentrations of cd™*
2
to "incubation mixture" containing {“H) Testosterone and

18 hyperplastic and 4 carcinomatous tissues.
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/ o EFFECT OF CADMIUM ON DHT METABOLISM
. BPH CaP
i % %
: Metabolites Formed |Metabolites Formed
Mean = SO Mean + SD.
Control 4 | 40,2 £ 9.0 11.6 + 3.3
5 107h | 31 e 2.0 0.6 = 1.1
1072 1 4,9 +2.3 2.0 £ 1.5
1074 1 7.4 02 2. 2.6 % 1.1
107 | 14,2 2450 3.1 % 1.2
1078 | 25.2 £ 6.3 4.2 + 1.2
10710 | 35.6 + 8.1 4.9 % 1.3
10712 | 40.9 + 10.4 6.1 £ 0.5

In vitro effect of varying ¢

on DHT metabolism by 10 hyperplastic and 4 carciromatous

tissues.

oncenirations of Cadmium
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Fig. 4.7 Diagramatic demmstranm of in vitro metabelic activities in benign hypmphstr and ma'fgnant Praswbic Ussuus,

expressed as % formation of metabsiites from testosterone. Note the increase in 17B0QHED activity 16 nalignans
tizzue sceompaiiad by reduced Ba reductase ectivity in the subceliular frections,
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The Unchartered sea of the
Endocrines,

Strewn as it is,

With the wrecks of Shattered
hypothesis

Where e¢ven the most wary Mariner,

May easily lose his way .....

William Boyd.
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DISCUSSION

Plasma Androgens and Trace-~Metals:

_ It is well established that the growth of prostatic

tissue is andﬁogen dependent., However, opinions differ as
to the significance of higher or lower levels of c¢irculat-
ing androgens in the development of prostatic disorders.
Some workers {Hammond et al, 1978, Lukkarien 1980,

Vermenlen and De 3y, 1976) contended that continucus
increased androgenic stimulation enhances neoplastic deve-
lopment while others (Barberia et al, 1975; Ishiamam et al,
1977; Ghanadian 1977) maintained that reduced androgenic

status‘in the male with associated prostatic atrophy pre-

ceeds the development of carcinoma. Qur findings of

similar levels of testosterone in healthy controls and age

matched BPH, and lower levels in CaP group, support the

‘former view. Results of plasma testostercone levels in

healthy controls, in this series, were comparable with the
levels reported for Germans (Bartsch et al, 1979} and were
higher than the levels in Scandinavians (Lukkarien, 1380},

Furthermore, our results were significantly higher than

those previocusly reported for Nigerians (Jackson et al,

TTT977: Ahluwalid et al, 19871), which suggests that the ando-

genic status of the Nigerian male is not significantly

different from those of Caucasians or Black Americans,

Therefore, the suggestions that decreased testosteronc

levels in Nigerians (Ahluwalia et al, 1981) or Africans

(Briggs and Briggs, 1972) prevent the development of pros- .
tatic disorders in these population is not confirmed bv this

study. Eariier studies (Dada and HNduka, 1980; Bolarin and
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Andy, i982) have also shown that androgenic¢ status in
healthy Nigerian males of younger age is not different from
that of Caucasianz.

It should be noted, however, that circulating levels
of testosterone are influenced by both episcdic and diur-
nal variations, and variations in periodic fluctuations of
up‘to 21% have bteen reported (Doering et al, 1975). |These
vartations may have rendered plasma testosterone dete¢rmina-
tion of ‘limited diagnecstic value and.a poér discrimigator
of prostatic diseases. Levels of other metabolites §DUT,

A-Dione and 3ediol) were ncot significantly different in

the three groups, though there appears to be an appanent

elevated levels of DHT in BPH group.

Results of plasmq Z2in¢ levels in this series are com-
parable fo those reported for Caucasians (Willden and
Robinson, 1975; Habib et aly 1980), but we recorded eleva-
ted levelsrof zinc in benigh hyperplastic group compared
with age~matched healthy controls and CaP group. QOther
reperts have alsce associateéd high plasma zinc level with
benign hyperplasia (dJaffa et al, 1980). Our results showed
decreased zinc levels in our cancerp group, Similarly,
decreascd levels of zinc have been reported in cther malig-
nant diseases (Addink, 1960} and in epilepsy (Glatunbosun
et al, 19?8).. Furthersore, there was a stirong associabtion
between winc and plasma testosterone in the Lhree groups of
subjects._ In view of the interrelationship between testos-
terone and oither moiabolites in blood Fig. 1.3), we
examined the relationship of zinc with other metabolites.
Flasma zZine 1s strongly associated with DHT and A-Diono in

iicaleny controls, whereas such relationship was not
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observed in diseased states. We, therefore, inferred that

some level ol zinc is required for the peripheral conversion

of testosterone to other metabolites in healthy males, and

the absence of similar observation in patients, may be due

to other factors. 1In BPH, for exémﬁlé,réhly 50% of the DHT
is derived from testosterone while 25% is contributed by
A-Dione (Mahoundean et al, 1971). Besides, secretions of
DHT from BFH adénoma have been suggested (Mahoundean et al,
1974)ﬁ These contributions from other sourcés may have dis-
torted any influence of zinc on the formation of this
metabolite.

There are no previoué reports of plasma cadmium deter-
minations in prostate disordeqs in Nigerians. We found
increased plasma cadmium levels in our cancer group compared
to the healthy controls and BPH group, but these levels are
"still much lower than the normal range for whole blood
reported for subjects in highiy industrialised countries
{Cernick-Sayer, 1975). Cadmium is increasingly being dié-
charged into the atmosphere through industrial activities
and cigaréfte smoking; a situation ;;ich is now increasingly
obtainable in Nigeria, |

Though increased cadmium levels have been linked with
prostate cancer (Kipling and Waterhouse, 1967), available

evidence is still not strong enough to suggest a causal

-feiééionship. Increased cadmium levels have been reported

in cigarette smokers compared with non-smokers (Phleban and
Pearson, 1979). Thind and Fischer (1976) have also recordcd

high plasma cadmium levels in hypertension. These reports

‘furtherlconfirm that high blood cadmium levels may not be

‘directly related to any malignancy. Our observation of somc

. assoclation between cadmium and testosterone in healthy
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controls, gave rise to the examination of the role of Zn:Cd
ratio in the maintenance of the androgen status ofhrigerian
male. The finding of a atreng association between Zn:Cd
ratio and androgens in healthy controls, provided some evi-
derice of thelinfluence of the relative concentrations of
:these ﬁetals on adrogen lovels in prostatic disorders.

Since Zn:Cd ratio averaged 1.0 in healthy controls, it is
tempting to speculate that changes in the ratio, as was
found in BPH and CaP (1.2 and_ 0.5 resvectively) may promote
changes in androgenic status in diseased étates. hough a
causal relationship between circulating androgens and pro-
state pathology have not been established, it is believed
that these androgens form the main source of intracellular
androgens. Therefore, intracellular concentrations of andro-

gens may provide a better reflection of the physiological

state of %he pland.

Intracellular &ndrogens and Trace-Metals:

Investigations of intracellular androgens revealed that
DHT is highly concentirated in hyperplastic gland whercas
testosterone and A-Dicne accumulate in malighant gland,
_Similar cbservationg have been reported by Habib et al
{1976) end Hammond (1978). However, tesposterone concentraf
tion in the cancer group in our serles was much higher than
have been reported {(Habib et al, 1976). This difference
could have arisen because of the advanced stage of the
disesase in our series. We aiso obsgrved a higher concentra-
tion of Diol in normal tissues compared with hyperblastic or
malignant tissues. The rétio of testosterone to the sum of

conboentrabicn was uuch lewer in nommal aad

‘..J.

1 o 1 -
DHT an2 Dic

livperplastic tissues compared with Ca? tissues. This
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Finding is indicative of active 3xOHSD activity in normal

e

issues which prevents the accumulation of DHT and its

v

[}
| ; . . , ,
lattendant nyperplastic development. Since accumulation of

"androgens in the prostate is a conseqﬁence of testosterone
metéboliém in thé prostéte; mediated throﬁgh §afious enzymes,
these resﬁlts suggest different metabolic processes in
hyperplaatic énd malignant glands. Therefore, determina-
tions of prostatic androgeﬁé méy be é useful index to dis-
tinguisg benign from malignant tissues.

Infaddition to DHYT, hyperplastic tiséues also contained
elevéted concentration of zinc while cé@mium was concen-
trated in malignant tisszues. In contrast, zinc was depleted
in malignant gland; a result which supports the contention
that the low plasma zinc observed in CaP patients was a
mirrer of intracellular concentrations (Jaffa et al, 1980).
fbove results suggest a relaticnship between zinc and meta-
bolic activities inqthe prostate gland. Qur Tindings of a
positive rélationship between zinc and DHT in hvperplastic
tissues would supporit this suggestion.

Other studies irave shown that when éndogenous levels
of zinc fall below 3.0ug/g dry weight, theire is a reduction
in intracellular DT concentrations (Habib et al, 1976).
Therefore, zinc concentrations found in normal tissuecs in
Nigerians may Le protecting the prostate gland from neo-
plastic changes by providing DHT sufficient for normal bio-
logical activity of the gland. Furthermore, the inverse
reglationship observed between cédmium and DHT in normal -
tissve provided & supportive évidence o4 the deletericus
effect 9{ high concontoé?inﬁ of cadriuz zzy bave on normal
prostétic activitiesza. by iﬂhihitjng the previcicn ol DHT to

the ¢ells,
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Available evidence now suggests that DHT accumulation
in the prostatic cell is causal to the development of
hyperplasia {Isaac et al, 1983). Results 6? high levels of
zinc in hyperplasfic tissues strongly support the prostaldtle
that while normal concentratEOns of zinc may protect against
neoplastic changes, higher concentrations may enhance DHT
formation. This high concentratioﬁ.of zinc may inhibit
further conversion of DBT, thus giving rise to accumulation
of DHT with resultant hyperplasia. .

A greater proportion of.zinc is located in the nucleus

of hyperplastic gland, where supra normal levels of DHT are

also found. Similar findings have been reported for

m——re

DHT (Meikle et al, 1980) and recently for zinc (Leake et al,

1984}, Howevér, we did not observe any significant rela-

tionship between zinc and DHT in the nﬁclear fraction,
w@gfggs anﬁinverse PelationShipengled in the supernatant
fraction. This conflicting finding may pé the consequence
of the saturable retentidn mechanism of zinc in the
nucleus (Leake et al, 17984) which Tould encourage zinc loss
to the cytoplasm at the expense of androgens. Similarly,
it is not unlikely that androgen loss may occur during the

process of isolation of subcellular fractions. This may

explain the conflicting results showing a positive gorrela—

‘tion between Zn ' and A-Dione in the nuclear fractions of

hyperplastic and malignant tissues; a correlation which was
absent in supernatanﬁAfractions of malignant tissue but not
in hyperplastic tissues. The significant negative correla-
tion between zinc, DHT and A—Dipngﬁrespectively suggests
that this metal may have effect on the activities of

5« reductase and 1?@OHSD enzymes in the supernatant
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fractions of hyperplastic tissues. In view of the negative

correlation between zinc énd androgens in normal tissues,
it éppeérs thét fthis metél is linked with the low concentra~
tions of . androgens in normal tissues.

Cadmiﬁm which scems to replace zinc in zinc-~depleted
tiqsues {i.e. malignant tissues), surprisingly promotes
tegtosterone'and A.Dione formation in the nuclear and super-
natant fracticns of these t{issues, Lthus supporting the

results of increased concentration of these andregens in
i

malignant tissues.

Effect of Zinc/Cadmium on Androgen Metabolism:

This study confirms the well-known transfermation of

. v
testosterone to predominantly DHT in hyperplastic tisgsues
and Lo a lesser amount in malignant fissues., The metabo-
lites thus formed have been reléted to enzvme activities in
tkese glands {Bruchovsky and Liekovsky, 1979; Isaac et al,.
19837 .

OQur results show that 5o reductass activity is
gualitatively lower in malignant than in hyperplastic
tissﬁes but could account for an appreciable level of DHT
formation in the tissues. In contrast, 17A0HSD activity is
predominant in malignant tissue, giving rise to high con-
centrations of AnDibne‘

Similarly, studies on subcellular fractions shqwed
high 5o reductase activity in both nuclear and supernatant
fracticocns of hyperplastic tissues. This finding is consis-
tent with the relative distribution of DHT between thesec
subcellular fractions,; with a high proportion ln the nuclear

- ~ 4 ¥ | P —
frocticon. Woo o CLBery

-1

.

2d Chav 1TE0LHED whlel 13 Lbe preceni-

nant enzyme in malignanit tissu2s is mainly a cytoplasmic

-~
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I ;enzyme, in contrast to the finding in hyperplastic tissues,
|

!
I'where this enzyme has very low activity (Fig. 4.7., pageiSG)

DHT is metaboliscd in hyperplastic and malignant
tissues teo 3oL (A) diols as a result of some 3 OHSD acti-
vity in these tissues. Though the enzyme is predominantly
locéted in the cytoplasm, some activity has been observed
in the;nuclear fraction. This is at variance with the
reportfof Hudson (1982) which did nct find any nuclear
ELLOHSb. However, our result is in agreemeant with the
views of Farnsworth (19%2) and Habib et al (1979) that the
activity of this enzyme remains high in hyperplastic
tissues.

The results of these in vitro experiments provided
further scientifiic explanations for the differences in the
concentrations of intraprostatic androgens obtained in
hyperplastic and malignant tissues,resﬁecially in the sub~
cellular fractions. We observed that the differences
between these tissues are the result of differcnt enzyme
activities. Since we could not obtain fresh normél tissues
for these .experiments, we could nof study the enzyme acti-
vities in a ﬁormal prostate. Such studics would have
explained the roles of these enzymes in the development of
prostate pathology.

However, in view of the reluationship between pros-
tatic androgens and trace-metals in tissues, we could
speculate that thess trace-metalsexhibit their influence
through inteféctions with prostatic enzvmes.

rew studies have investigated the influence of endo-

penous levels of $race-metals on the enzyme activities in
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éhe ﬁrostate gland. Yet, such studies are importanf to the
; nde;standing of intracellular androgen formaftion and the

j , .

!pathégenesis of prostatic disorders. We examined thic
}influence by relating the tissue concentrations of zinc =nd
cadmium to the in vitro metabolic activities of thése'

tissues. We found that concentrations of zinc is inversely
{
related £o the activities of 5« reductase, 3ciOHSD and
17ﬁOHSD in whole tissue homogenates  of hyperplascic gland.
Similar:but less significant findings were aiso obtained in
the nuclear and supernatant fractions. Tissue concentra-
tions of zinc are nct sigrificantly reiated to enzyme acti-
vities in malignant tissves. When tissue cadmium was
consgidered, we found that this metal positively influences
1T7TAOHSD activity in hyperplastic tissues but was inversely
related to 5& reductase activity in malignant tissues.

These results strongly suggest that some concentra-
tion of zinc is reguired to stimulate enzymatic acitivities
in the hyperplastic gland but with increased cadmium levels,
17TROHSD activity is enhanced. The latier situation may
renult in A-Pione accumuiation which may give rise to neo-
plastic changes. In contrast, low cencentraticns of cadmium
could zlso stimulate Sl reductase activity in malignant

sues, thus providing some DHT in these tissues.

ti :

in

Our results support the earlier report of in vitro
experiments by Grant et al (1671) that high concentrations
¢’ zinc cause decreased DHT formatien while low concentra-

tions enhance DHT formation, especially in the nuclear

fractions of hyperplastic tissues. Wallace and Grant (1975)
bFove nlsce chomm fhot Low Loicenuiaviug oD cadmitu may
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However, Sinquin et al {1982) obtained inverse rela-

, endogenous : .
tionship between,vinc and 200PSD but not with 5xreductase.
Their results might have been affected by the low concentira-
'tions of zinc in the tissues aid the sméll number of tissues
in the series.

It seems to us that the interactions in the intact pro-
static cell may be quite different from what obtains in
isclated subcellular fractions. Besides, in vitre experi-
ments may not exactly represent ig 13&3 conditions. Ir

these assumptions are valid, thessc weuld explain the| posi-

tive relationship between zinc and DHT in whole tisshe

homogenate and the inverse relationship noticed in the

nuclear fraction. Nuclear DRT is derived from probably two
or taree sources: . namely, (1) DireclL conversion from nuclear

testuosterone., (2) Translecation from cyioplasm and

(3) Oxidative conversion of 3wmdicl te DHT. Zinc, on the

other hand, is distribuled between the nucleus and the
cytoplasmrin a sort of dynamic state. The iﬂ.iilﬂ situa-
tion, s¢ described, could explain the differences in the
interrelationship observed between zirnc and androgens in

tissue nemogenates and in subcellular fractions.

In vitro Effect of Zinc/Cadmium on Sareductasc Aetivity:

Attermpts have been made to study this interrelationship
in vitro, by adding known guantities of exogenous zinc to
androgen substrates and prostatic tissues. The results con-
firm thal low concentrations of zine cnhance DHT and 3diol
formation from iestosierone while high concentrations

irnibit  such transformation. Habib (18787 has previgusly

< LLCY CuAceubepLions of wane of between
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dr. ) e :
1077 and 10 BM stimulate DHT formation while higher concen-

trations cause decreased DHT formation. Eowever, we did

nct obser§e any inhibition of the sténdard assay by concen-
Erations lower thén 16’8M of =zinc, contrary to the reports
of Habib (31978; ‘ﬁ; Additions of cadmium in these in
Tvitro experiments, also showed similar activity, though the

stimulation was lower than with zinc while cadmium caused

grecater inhibition especially in malignant tissues.

In vitro Effect of Zinc/Cadmium on 3%0HSD Activity:

Aty w————————

There are very few reports of the in vitro effects of
zin¢ or cadmium cn 3¢O0HSD activity in human prostatic
tissues. Our study shows that similar to Sereductase, gzinc
stimulates 3vOHSD activity at low concentrations and inhi-
bits the activity at high concentrations. Similarly, high
concentrations of cadmium almost completely inhibited the
conversion of DHT to Diol, but no consistent effect was
cbserved with low concentrations of between 10°° and 10~ '9M.

When these results are related o in vivo, situations

where intracellular concentrations of DHT is located in the
nucleus of hyperplastic gland aiong with high levels of
zinc, it could be inferred that DHT accumulation in the
nucleus is a pogsible conséquence of the inhibition of

DHT biol rather than T —a DET.

This study bhas proposed a role for zinc (and in its
absence, cadmium) in the pathogenesis of prostatic disorders
amongst Nigerians, ‘It 1s apparent that prevention of DHT
accumulation would Poduce prostatic hvperplasia; this could

be accomplished with high intracellular zine concantrations.

Similarly, provision of adeguate intracelinlar
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concentrations of zinc could enhance the production of DHT

required for normal metabolic process and prevent the

diffusion of cadmium into the cell, Cadmium does not

appear to have any physiological role in the cell. Its
action, especially at high concentration is suggestive- of

a strong enzyme inhibitor.
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CONCLUSIONS AND SUMMARY

We have shown in this study that there arc no major

differences in the intracellular and extracellular hcrmonal

eﬁvi;;ﬁmEnf éf the prostate gland in Nigerians compared with
other population.. However, it is our view that interactions
between zinc¢ {or cadmium)rand prostatic enzymes influence
intraprostatic levels of androgens available to the gland
for its physiological functions.

This deduction follows from our oéservation that Zinc:
Cadmium ratio appeafs to promote peripheral conversion of
testostercone to DHT and Diols in healthy subjects. In
diseased states, this relationship was absent, probably due

to an increase or decrease in the levels of these trace=

metals. In addition, endogenocus tissue concentrations of

-

.these trace-metals were associated with enzyme activities in

prostatic tissues.
Furthermore, zinc enhanced the formation of DHET in the
cytoplasm of prostate cell; this steroid is translocated to

the nucleus. We also found that zinc levels in the nucicus

~wWere positively correlated with DHT. Therefore, we inferred

that high.nuclear zinc may be suppressing the metabolism of

DHT, theneby causing accumulation of this androgen in the

nucleus. An increased concentration of DHT is associated wilth

hyperplastic tissues, especially in the nuclear fraction.
This study therefore confirms our concept of the
interrelationship between androgens and trace-metals in the

pathogenesis of prostatic disorders in humans.
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ISUMMARY :

T "

Other highlights of this study include the following:

Plasma androgeng levels in Nigerians are similar teo
the levels in caucasians, and there is a tendency to

decline with age.

Intracellular testostercne is higher in Nigerian cancer
patients than in healthy adults or in BFH group; this
pahameter could be a useful diagnostic tool to confirm

or eliminate malignancy.

Though plasma zinc levels are variable between the
subjects, intracellular zinc measurements could be a
useful index to distinguish malignant from non-

malignant glands.

in view of the possible role of zinc in the development
of prostate pathology., administraticn of the metal
should be considered in prostatic cancer management

especially for poor~rilsk patientis.
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