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The metabolism of androgens in prostatic carcinoma has not been sufficiently studied so far, mainly
because of the difficulty in obtaining human tissue specimens. The availability of LNCaP (lymph
node carcinoma of the prostate) cells which retain most of the characteristics of the original
carcinoma (dependence on androgens, presence of androgen receptors, production of acid phospha-
tase, etc.) has allowed the present in vitro study designed to characterize the metabolic pathways
through which testosterone (T) is metabolized in malignant cells. LNCaP cells have been incubated
in the presence of different labelled androgenic precursors to quantitate the formation of the
respective metabolites, as indicators of the specific activities of the enzymes involved in such
conversions; whenever possible, the kinetic constants (K, and V_,,) of the enzymes have also been
calculated. It has been observed that, when ["“C] T is used as substrate, the cells form both
dihydrotestosterone (DHT) and androst-4-en-3,17 dione (A,) with the prevalence of the latter. When
[**C]A, is the substrate, T and 5«¢-androstan-3,17-dione (52-A) are found with 5x-A representing the
major product. In addition, the cells form diols and 52-A from ["C]DHT as well as androsterone
(A) and DHT from [**C]5x-A; there is a prevalence of diols in the former case, and of A in the latter
one. The yields of the different metabolites recovered after 2 h of incubation of the cells with the
appropriate labelled substrates are therefore in descending order of magnitude: 5a-
A>A>diols>A,>DHT >T. These results are also confirmed by the analysis of the rate of
production of the different steroids. Taken together the present results suggest that: (a) qualitatively
LNCaP cells possess all the major key enzymes involved in androgen processing; (b) the metabolism
of androgens in this cell line resembles quantitatively that found in prostatic cancer tissue; all the
metabolic steps which contribute to DHT degradation exceed the ones leading to its accumulation;
(¢) Sa-reductase shows a significantly higher affinity for A, than for T; (d) LNCaP cells may represent
a suitable 7n vitro model for the study of factors controlling the formation and the degradation of
androgens in prostatic carcinoma, thus permitting a better understanding of the metabolic
processes involved in prostatic benign or malignant (carcinoma) transformation.
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INTRODUCTION vided by the results of the therapeutical approaches
presently utilized for the treatment of these diseases,
which are all based on their ability to suppress T
production and/or action [1].

However, in the prostate, T does not act as such,
but needs to be converted into its major 5a-reduced
metabolites in order to be able to bind to the andro-
genic receptor [1]. T is irreversibly Sa-reduced to
dihydrotestosterone  (178-hydroxy-5«-androstan-3-
one, DHT) by the action of the enzyme Sx-reductase
*Correspondence to M. Motta. (5a-R). DHT is further metabolized to 3a,17f-
Received 29 Dec. 1993; accepted 14 Jun. 1994, dihydroxy-5«-androstane (3a-diol) and, to a lesser
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The presence of circulating androgens, and in particu-
lar of testosterone (17f-hydroxy-androst-4-ene-3-one,
T), is at least initially a growth requirement for pro-
static cells undergoing either benign (benign prostatic
hyperplasia, BPH) or malignant (carcinoma of the
prostate) transformation. Indirect evidence suggesting
that androgens are involved in these processes is pro-
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extent, to 3f,178-dihydroxy-5«-androstane (3f-diol)
by the action of two 3a- and 3f-hydroxysteroid-
oxidoreductases (3a- and 38-HSORs). T is also metab-
olized to androst-4-en-3,17-dione (A,), which can
subsequently be Sa-reduced to Sa-androstan-3,17-
dione (5x-A) and androsterone (A). These conversions
are under the control of the enzymes 17f-hydroxy-
steroid-oxidoreductase (178-HSOR), 5¢-R, and 3a-
HSOR, respectively (see Fig. 1). The predominant
androgen found in BPH tissue is DHT, because of the
overwhelming potent DHT-forming ability of 5x-R,
and the concomitantly low DHT-removing capacity of
3a- and 3f-HSORs [2]. In prostatic carcinoma, the
metabolism of androgens has been less extensively
studied [3-8].

Horoszewicz et al. [9, 10] have recently established a
human prostatic cancer cell line, LNCaP (lymph node
carcinoma of the prostate), which retains most of the
characteristics of human prostatic carcinoma, like the
dependence on androgens, the presence of androgen
receptors, the production of acid phosphatase and of
prostate specific antigen, etc. Because of this, the
LNCaP cell line seems to be an attractive model for the
in vitro studies on the biology of human prostatic
carcinoma. However, although a few papers have par-
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tially described the metabolism of androgens in LN-
CaP cells [11~15], a complete analysis of androgen
metabolism including the evaluation of the kinetic
parameters of the major enzymes involved is still
lacking.

The present study was designed to characterize the
metabolic pathways through which T and other andro-
gens are metabolized in LNCaP cells, and to analyse
some of the properties of the enzymes involved. To this
purpose, LNCaP cells were incubated in the presence
of different labelled androgenic steroids to quantitate
the formation of the respective metabolites, as indi-
cators of the specific activities of the enzymes involved
in such conversions.

EXPERIMENTAL
Labelled steroids

[4-"*C]T (sp. act. 54.4mCi/mmol, Amersham,
England), [4-C]A, (sp. act. 51.4 mCi/mmol, NEN,
Research Product, DuPont Co., Boston, MA),
[4-“CIDHT (sp. act. 58.3 mCi/mmol, NEN) and
[4-"*C]50-A (sp. act. 58.3 mCi/mmol) were used as
labelled substrates in the various experiments. Carbon
labelled 5x-A was synthesized by oxidation of [4-
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Fig. 1. Diagrammatic pathways of androgen metabolism in the prostate. List of abbreviations: T, testosterone;

DHT, 178-hydroxy-5«-androstan-3-one,

dihydrotestosterone;

3a-diol, 3a,17f-dihydroxy-5«-androstane;

3p-diol, 38, 17B8-dihydroxy-5«-androstane; A,, androst-4-en-3,17-dione; 5z-A, Sx-androstane-3,17-dione; A,
3a-hydroxy-Sx-androstan-17-one, androsterone; 5z-R, 5a-reductase; 178-HSOR, 178 -hydroxysteroid-oxido-
reductase; 3a-HSOR, 3a-hydroxysteroid-oxidoreductase; 3-HSOR, 3f-hydroxysteroid-oxidoreductase.
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4CIDHT according to Jones’ procedure (see Ref. [16]
for methodological details). Tritiated T, DHT, A, and
A were purchased from NEN; [PH]}5x-A was syn-
thesized from [PH]DHT as quoted above [16]. The
tritated steroids were utilized for the calculation of the
recoveries. All the radiolabelled steroids were routinely
purified by thin layer chromatography (T1.C) before
every experimental procedure.

Cell culture conditions

The cell line LNCaP-FGC (lymph node carcinoma
of the prostate-fast growing colony) was obtained from
American Type Culture Collection (Rockville, MD
U.S.A)) and used at passages 25-35. LNCaP cells were
routinely grown in RPMI-1640 (Seromed, Biochrom
KG@G, Berlin, Germany), supplemented with 109, foetal
calf serum (FCS, Gibco, Life Technologies Ltd,
Paisley, Scotland), 1 mM of glutamine (Seromed,
Biochrom KG, Berlin, Germany), and antibiotics
(penicillin G K-salt, Squibb, 1001U/ml and strepto-
mycin sulphate, Squibb, 100 pg/ml). Cells were incu-
bated at 37°C in a humidified atmosphere (5%
CO,-959%, air), changing the medium every 3 days. All
the experiments were performed on exponentially
growing LNCaP cells; to this purpose, cells were plated
at a density of 2 x 10* cells/cm? in 35-mm Petri dishes.
Cells were allowed to attach and grow for 4 days; 24 h
before the beginning of each experiment, the seeding
media were replaced with the experimental media
consisting of 1.5 ml of RPMI-1640 supplemented with
glutamine, antibiotics and 109 charcoal-dextrane-
treated FCS, i.e. deprived of steroids; this in order to
avoid possible interferences with the metabolism of the
added steroids.

Incubation conditions

At the time of incubation, *C-steroids were added,
dissolved in 5 pul of ethanol, to each dish containing
LNCaP cells. The final ethanol concentration (0.39%,)
has been shown in preliminary experiments not to be
toxic for the cells. The dishes were then incubated for
the selected times without shaking at 37°C in a thermo-
static room. Within each experiment, dishes containing
the medium and the appropriate labelled substrate (see
below) but devoid of cells were processed as blanks. In
order to achieve an accurate evaluation of each enzy-
matic activity, the metabolites of the various androgens
were assayed starting from different substrates as
follows: DHT and A, from ["*C]T; Sa-A and T from
[**C]A,; diols and 5a-A from ["*C]DHT; A and DHT
from ['*C]5x-A. The specific conditions, in terms of
substrate concentrations and incubation times, are
detailed in each table and figure. At the selected times,
the incubations were stopped by removing the media,
which were separately transferred to 20ml glass
vials; the vials were then stored at — 20°C until extrac-
tion and determination of the androgen metabolites
formed. LNCaP cells were harvested from each dish

with 500 + 500 ul of phosphate-buffered saline (PBS)
without calcium, and sonicated for 5 s; protein content
(about 0.2-0.4 mg/well) was determined by the
Bradford method [17] in an aliquot of each suspension.

Detection of formed metabolites

The labelled metabolites formed by LNCaP cells and
present in the media were evaluated with an in vitro
radiometric method routinely used in the authors’
laboratory and described in detail elsewhere [18, 19]. In
summary, the samples were extracted with diethyl
ether, evaporated to dryness and applied on silica
gel TLC plates which were then developed in
dichloromethane—diethyl ether (11:1, v/v) twice at 4°C.
The steroids were identified on the plates with iodine
vapours; each identified spot was scraped off, and the
radioactivity present was counted in a Packard Tri-carb
1600CA liquid scintillation analyser. Quench corrected
dpm of the two isotopes were obtained by a calibration
standard curve. The ng of steroid formed/mg of pro-
teins were calculated utilizing a specific program and a
Macintosh LC II computer. The chromatographic
solvent system (dichloromethane-diethyl ether, 11:1,
v{v) used in the present experiments does not allow a
good separation between 3a - and 3f-diol; therefore the
two isomers were assayed together, and referred to, in
tables and figures, as diols, while 3a/f HSOR refers to
the activity of both the 3a- and 38-HSORs.

The identity and purity of each metabolite formed
during the incubation with the different substrates was
confirmed in a separate set of experiments by three
subsequent recrystallizations to constant H/™C ratio
(Table 1). Because of the reason mentioned above, it
was not possible to perform the recrystallization to
constant *H/**C ratio of 3«- and 38-diol. The increased
ratio observed in the 2° and 3° crystallization of A does
not seem to be linked to the presence of impurities, but
likely due to a spill-over problem between tritiated
and carbon labelled materials in the double labelling
counting system. This may be deduced also from the
observation that the ratio of the 1° crystallization is
practically identical to that of the starting solution.

Table 1. Recrystallization of the different androgen metabolites
to a constant *H|"C ratio

3H/“C Ratio

T DHT A, So-A A
Starting solution 4.49 3.74 2.01 2.99 1.76
I crystallization 4.58 3.62 1.84 2.82 1.70
II crystallization 4.79 3.53 1.89 2.76 2.20
III crystallization 4.45 3.52 1.75 2.69 2.96

The various metabolites were obtained from different substrates
according to the protocol adopted in the experiments (see Exper-
imental). The following three pairs of solvents were used: absol-
ute ethanol-water, acetone-water, diethyl-ether-n-hexane. See
Fig. 1 for steriod abbreviations.
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Statistics

The regression curves were evaluated according to
the linear regression method, using a computer statisti-
cal package. The kinetic parameters of the various
enzymes (K, and V_,) were calculated using the
Mackintosh version of a specific non-linear least-
squares curve fitting program (ENZYME, [20]). On
the basis of the statistical model suggested by Munson
and Rodbard [21], the computer program MacEL.-
LIPSE [22] was then used to generate the 95%, joint
confidence ellipses for the two parameters of the 5a-R,
which catalyses the reduction of T and A, to DHT and
Sa-A, respectively.

RESULTS

Figure 2 shows the in vitro metabolism of androgens
in LNCaP cells after 2 h incubation. When ["“C]T is
used as the substrate, the cells have the ability to
convert T both into DHT and A,; the formation of A,
exceeds that of DHT of about 3 times [Fig. 2(a)]. When
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['*C]A, is used as the substrate, T and Sa-A are formed;
the formation of Sa-A is 10 times higher than that of
T [Fig. 2(b)]. In addition, the formation of 5¢-A from
(**C]A, [Fig. 2(b)] is 8 times higher than the production
of DHT from [™*C]T [Fig 2(a)] (note the difference in
the scales); the formation of T from [*C]A, [Fig. 2(b)]
is 4 times lower than the production of A, from [“C]T
[Fig. 2(a)]. Figure 2 also illustrates the formation of the
metabolites derived from [“C]JDHT [Fig. 2(c)] and
from [**C]5a-A [Fig. 2(d)]. It is evident that the diols as
well as 5a-A are formed from ["*C]DHT; the formation
of the diols is twice as high as that of Sx-A [Fig. 2(¢)].
When the cells are incubated with [Y*C]52-A, the
formation of A predominates 5 times over that of DHT
[Fig. 2(d)]. Unfortunately, due to the unavailability of
carbon-labelled 3a-, 3f-diols and A, the formation of
DHT and 5«-A from the respective precursors, and
consequently the oxidative pathway of the 3ua/f-
HSOR, could not be examined. Although the figure
illustrates the formation of one pair of steroids for each
substrate, it must be reminded that each steroid can be
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Fig. 2. Amounts of various androgen metabolites in LNCaP cells recovered after 2h of incubation with
different substrates added at the dose of 1.2 uM. Results expressed as mean + SE (in parentheses number of
replicates). See Fig. 1 for steroid abbreviations, DIOLS, sum of 3z~ and 3f-diol.
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Fig. 3. Time course of the formation of the various androgen metabolites in LNCaP cells incubated with
different substrates at the dose of 1.2 uM. Results expressed as mean + SE (at least 5 replicates/time). See Fig.
1 for steroid abbreviations, DIOLS, sum of 3a- and 38-diol.

further transformed into other metabolites; this may
lead to an underestimation of the real quantity of
product formed by each enzyme.

The amounts of the various metabolites formed from
the different substrates as a function of the incubation
time is shown in Fig. 3. It appears that, independently
of the substrate used, the production of all metabolites
is directly related to the incubation period up to 4 h (R
ranging from 0.989 to 1.000). Moreover, utilizing
[*C]T as substrate [Fig. 3(a)] the rate of formation of
A, exceeds that of DHT, while, using ["*C]JA, as sub-
strate [Fig. 3(b)], the rate of formation of 5x-A is
higher than that of T. When [“C]DHT is used as
precursor [Fig. 3(c)], the rate of formation of the diols
exceeds that of Sa-A; when ["*C]5x-A is the substrate
[Fig. 3(d)], the rate of formation of A is much higher
than that of DHT.

Table 2 shows the kinetic parameters (K,, and V_,,)
of the enzymes involved in the metabolism of andro-
gens in LNCaP cells as well as the V_,/K, ratio
(expressed as picomoles of product formed/mg of
protein/h over molar concentration) which represents
an indirect index of the metabolic activity of each
enzyme. It must be pointed out that all constants are
given as ‘“apparent”, because the kinetic properties of
the enzymes have not been established with pure
preparations. In the experimental conditions adopted,
the apparent K,, values calculated for 5«-R have been
shown to be higher for T than A, (4-fold difference);
since this parameter is an index of the affinity of the
substrate for the enzyme, it seems that A, shows a
greater affinity for 5¢-R than T. When the V,, values
(which provide an index of the concentration of the
enzyme) are calculated for Sa-R, the V_, of the

Table 2. Kinetic parameters of some enzymes tnvolved in androgen metabolism in
LNCaP cells

Enzyme Substrate  Product K, (uM) Ve (ng/mg/h) Voad K
5a-R T DHT 1274+1.2 351+1.5 9,4
A, Sa-A 35403 716 +3.3 71,4
178-HSOR (red) A, T 110+ 16.9 248.6 +23.1 7,8
Sa-A DHT 235+ 28 1115+ 94 16,6
3a-HSOR (red) Sa-A A 298 + 37 9225 4 855 108,5

The kinetic experiments were performed incubating LNCaP cells (at least 4 replicates per

concentration) for 1 h with the different substrates (3—200 u M) according to the procedure
detailed in Experimental. The values are expressed as mean + SE of the parameters. See
Fig. 1 for steroid and enzyme abbreviations.

*The V,../K, ratio is expressed as pmol/mg protein/h over molar concentration.
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formation of 5x-A appears to be twice as high as that
of DHT. The lower K, value, associated with the
greater V.. value, results in a IV, /K, ratio 8 times
higher for the conversion of A, to 5¢-A than for that of
T to DHT. It will be noted that no K,, and VV,,, values
are given for 17-HSOR for either substrates studied
(T and DHT); this depends on the insolubility of the
substrates, and consequently on the lack of saturation.
As stated in the Experimental section, the impossi-
bility to separate 3a- from 3f-diol did not allow the
determination of the kinetic parameters of the enzymes
responsible for the formation of the two isomers.

DISCUSSION

The present data demonstrate that LNCaP cells
possess all the major key enzymes involved in the
metabolism of T which are also found in the normal
prostate, in BPH and in prostatic cancer. The DHT
promoting enzyme, 50-R, and the DHT removing
enzymes, 3a/f- and 17f-HSORs are all present in this
cell line. The data obtained in the various sets of
experiments (formation of the metabolites after 2 h of
incubation, rate of their production, kinetic character-
istics of the enzymes involved) are all consistent and
allow to draw the following general conclusions (see
Fig. 4): (a) 5¢-R, which converts T and A, to the
corresponding 5a-reduced compounds (DHT and Sa-
A, respectively), appears to be more active on the latter
steroid, suggesting a preference for the substrate A,
over T; (b) the activity of 3a¢-HSOR (the enzyme
catalysing the formation of A from [*C]5x-A) is rather
elevated in its reductive direction; the reductive activity
of 3a/f-HSOR seems to be relevant also in the for-
mation of the diols, even if their relative activity has not
been estimated (see Experimental section); (c¢) the
activity of 178-HSOR (the enzyme which catalyses the
interconversion between T and A,, and between DHT
and 5«-A) is mainly directed towards the oxidative
(formation of A, and 5x-A) rather than the reductive
pathway (formation of T and DHT); (d) 3a- and
17-HSOR enzymes are much more concentrated (see
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Fig. 4. Diagram illustrating the relative rates of activity of

the androgen metabolizing enzymes occurring in LNCaP

cells. See Fig. 1 for steroid and enzyme abbreviations, DI-
OLS, sum of 3a- and 38-diol.
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Fig. 5. Graphical representation of joint 959, confidence
regions for K,, and V_,, of 52-R converting T and A, to DHT
and 5az-A, respectively. The log-values of the parameters
obtained from the experiments shown in Table 2 have been
plotted and the confidence ellipses have been generated by
the MacEllipse program. No overlapping ellipses represent a
significant difference in the kinetic characteristics of 5x-R
metabolizing the two substrates.

the corresponding V,, values), but less specific (see the
corresponding K,, values) for androgens than 5a-R.

The finding that 5¢-R is more active in reducing A,
than T is confirmed by the statistical co-analysis of the
K, and V,,, of the two metabolic reactions performed
with a specific computer program for the simultaneous
analysis of correlated parameters (Fig. 5). This analysis
indicates that, from a kinetic point of view, the 5a-R
activity converting T to DHT is significantly different
from that metabolizing A, to 5x-A. These results
suggest that LNCaP cells might express preferentially
one 5¢-R isoenzyme which shows a greater affinity for
A, than for T. It is known that 5¢-R isoenzymes may
be present in different tissues (prostate, epididymis,
etc.) [18, 19, 23], and that two 5x-Rs have been recently
cloned [24, 25]. Moreover, with regard to the IV, /K,
ratio for the 5x-R, Hudson and Wherrett [3] have
found, in agreement with the present findings, that in
the epithelial cells obtained from a prostatic carcinoma
specimen, this parameter is 10 times higher for the
S5«-R bringing to the formation of Sx-A than for the
same enzyme involved in the formation of DHT. The
low activity of 5a-R in forming DHT might not be the
only factor responsible for the low amounts of this
metabolite recovered in the present experiments;
another reason may be found in the concomitant rapid
degradation of DHT. The present results indeed show
a rapid conversion of DHT to diols, as well as a fast
oxidation of DHT to 5x-A; this as a consequence of the
high activities of 3a/f- and 178-HSORs acting respect-
ively in the reductive and in the oxidative direction (see
Fig. 4). This is apparently not the case when consider-
ing the formation of Sx-A, since the quantities of this
steroid formed are elevated, even if its transformation
to A is high. The low formation of DHT observed in
the present experiments might also be due to the fact
that 5x-R is prevalently localized in the prostatic
stroma, as shown by the higher V_,, for the enzyme
found in the stroma than in the epithelium of normal,
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hyperplastic and carcinomatous human prostatic tissue
[2, 26]; LLNCaP cells originate from the epithelial com-
ponent of a human prostate carcinoma [10, 27].

LNCaP cells possess a significant 3a/f-HSOR
activity as judged by the elevated rate of production of
diols from DHT and of A from 5ux-A (see Fig. 4). The
3ax- and 38-HSORs are known to be important en-
zymes involved in the equilibrium between DHT and
diols and between 5a-A and A; however, the high rate
of formation of diols and of A (as indicated by the high
activity of the 3a/8-HSOR in their reductive direc-
tions), coupled with the elevated rate of transformation
of DHT to Sa-A, may suggest that LNCaP cells
possess more DHT-removing than DHT-forming
enzymatic activities. It must be remembered that both
diols and A show an extremely low affinity for the
androgen receptor [28]. The great DHT-removing
capacity of 3«/f-HSOR is probably justified by the
epithelial origin of LNCaP cells. It is known that
3¢-HSOR is primarily localized in the prostatic epi-
thelium, as shown by the higher V,, values obtained
with prostatic epithelial tissue as opposed to prostatic
stroma [29].

Finally, in LNCaP cells the activity of 17f-HSOR is
preferentially directed in the oxidative rather than in
the reductive direction, as indicated by the higher
formation of A, and Sa-A from T and DHT, respect-
ively (see Fig. 4). A high 178-HSOR oxidase activity
seems to be peculiar of malignant tissues, in the case of
both the human prostate [4] and the human breast
cancer [30].

The results presented show that, from a quantitative
point of view, the steroids formed by LNCaP cells from
the appropriate labelled substrates under the influence
of the specific enzymes are in order of magnitude:
Se-A>A>diols>A,>DHT >T. There are only
few data in the literature regarding the metabolism of
androgens in LNCaP cells which can be compared to
the present results. Berns et al. [11] have found that
approx. 60% of the labelled DHT incubated with
LNCaP cells is converted to unidentified polar steroids;
Damassa et al. {12] have identified the polar steroids as
being primarily 3a-diol. Furthermore, Lacoste er al.
[13] and Belanger et al. [14] have reported the for-
mation of A, and T from dehydroepiandrosterone, of
3a-diol from DHT and of T and DHT from A, in
LNCaP cells. Contrary to the results presented in this
paper, Hasenson er al. [15] have not been able to find
any significant formation of labelled metabolites after
the addition of [*H]T to LNCaP cell cultures. This
difference is probably linked to the timing of the assay
adopted by Hasenson’s group (48 h of incubation vs the
2-4 h adopted in the present experiments). The lack of
a significant presence of any free metabolite of T may
be due to the fact that, after 24 h of incubation, more
than 509, of the labelled substrates added to LNCaP
cells and of their metabolites are present as conjugated
derivatives [12-14]. Furthermore, the cell clone used

by Hasenson et al. [15], at variance with the one used
in the present experiments, does not seem to respond,
or responds poorly, to androgen administration; con-
sequently, these ““androgen resistant” cells might not
have been able to express the enzymatic machinery
involved in the metabolism of T and observed in the
androgen-dependent LNCaP cells used in the present
experiments.

The pattern of androgen metabolism observed in
LNCaP cells appears to be similar to that found in
human prostatic carcinoma [3-8]. In particular in both
cases, when T is the substrate, the formation of A,
predominates over that of DHT; this is due to a
decreased activity of 5a-R forming DHT, coupled with
an increased oxidative activity of 17§-HSOR. This is
at variance with BPH, where DHT constitutes the
major metabolite formed [2, 31]. Because of the simi-
larity of androgen metabolism in LNCaP cells and in
human prostatic carcinoma tissue, this cell line rep-
resents a suitable model to facilitate our understanding
of the role played by the different pathways metaboliz-
ing androgens in the regulation of tumoural prostatic
cell growth. This cell line might also be of help in
analysing the factors involved in the control of andro-
gen metabolism and degradation in prostatic carcinoma
and in developing future compounds able to interfere
with the activity of the various enzymes (e.g. new
selective 5«-R inhibitors, etc.).
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