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Atrophy and apoptosis in ventral prostate of rats induced by
S5a-reductase inhibitor, epristeride
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ABSTRACT

AIM: To swudy molecular mechanism of eprisieride in
the treatment of benign prostatic hyperplasia and discuss
the possibility of using prostate acid phosphatase (ACP)
as a marker of the atophy of prostatic gland in vivo.
METHOD; Morphological changes in cells were ob-
served by light microscope. TdT-mediated dUTP-biotin
nick end labeling { TUNEL) technique and agarose gel
electrophotesis were performed to detect the nucleosomal
DNA fragmentation. The activity of pACP was also as-
sayed. RESULTS: Apoptosis occurred in both casira-
tion- and epristeride- treatment group. Both the degree
and extent of apoptosis are much larger in the group of
castration than that of epristeride-treated group. Both
epristeride and castration decreased the prostate wet
weight and DNA. content but increased the prostate DNA
concentration. Maximal or near maximal decreases were
seen by d 10 in both groups, The activity of ACP was
decreased by both castration and epristeride treatment.
Changes in the ACP activity during treatment were coin-
cide with other changes such as the prostate wet weight
and DNA content. CONCLUSION: Apoptosis induced
by epristeride was one of mechanisms in the treatment of
benign prostatic hyperplasia and the activity of ACP could
be used as a marker of prostate atrophy.

INTRODUCTION

Benign prostatic hyperplasia (BPH) is a disease of
aged man and over 50 % men more than 50 years old
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have been found histological evidence of prostatic en-
largement. The medical management of BPH may be an
alternative 10 surgical treatment. Prostale growth re-
quired the intracellular androgen. A series of observa-
tions suggested that within the androgen-dependent pro-
static glandular cells, dihydrotestosterone ( DHT), not
the testosterone, was the active intracellular androgen,
and steroid Sa-reductase was 2 membrane bound enzyme
which catalyzed the NADPH-dependent reduction of
testosterone to DHT™").  Both castration and Se-reductase
inhibitor could lower levels of DHT and its metabo-
HI.BS[2] .

It was reported that antiandrogen or androgen with-
drawal induced apoptosis in the prostate and prostate cul-
tures'®).  If sufficient androgen was not chronically
maintained in the prostate, it would result in the involu-
tion of prostatic gland. This rapid involution occurred
because androgen ablation inhibited the proliferation of
the androgen-dependent prostatic glandular cells and in-
duced these cells to undergo both cellular atrophy and ae-
tivation of a cascade of biochemical events, resefting in
the energy-dependent programmed cell  death
(PCD) (4-5) .

Currently, an uncompetitive Sa-reductase inhibitor,
epristeride, was an infetesting drug in the treatment of be-
nign prostatic hyperplasia. In the present study, we test-
ed its ability to inhibit secretion and cell proliferation as
well as activate the pathway of cell death in the rat
prostate and compared with that of castration. In addi-
tion, the possibility of using the activity of prostate acid
phosphatase ( pACP) as a marker of prostafe aftrophy in
vive was also discussed.

MATERIALS AND METHODS

Drugs and reagents Epristeride was synthesized
by Prof LJAO Qing-Jiang (Department of Chemistry,
Chinese Pharmaceutical University, Nanjing, China).
In situ labeling kits ( TUNEL based assay) and pACP en-
zyme assay kit was purchased from Genetimes Technology
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Inc. DNA molecular markers were from Sino-American
Biotechnology. RNase, ABC kit, and proteinase K
(PK) were purchased from Sigma. All other reagents
were of analytic grade and purchased from Shanghai No 1
Reagent Plant.

Animals treatment Male Sprague Dawley rats
(Grade 11, Certificate No 005, 55-d old at the start of the
experiment, # = 10 in each group) were purchased from
Shanghai Experimental Animal Center, Chinese Academy
of Sciences and were kept under standard conditions.

Rats were divided into three groups: intact, castral-
ed, and epristeride-treated group. Castration was per-
formed via the scrotal route while under pentobarbital
sodium anesthesia. Both the testes and epididymis were
removed.  Epristeride-treated animals were given 50
mg kg daily by oral gavage in 0.5 % {w/v) aqueous
methylcellulase. The control group teceived the vehicle
as the same volume as that given to the treated group.
The rats were killed on d 4, 7, 10, and 20 of treatment.
The prostates were immediately removed, weighed, and
either prepared for histological examination or frozen in
~ 80 C for determination of DNA content.

DNA extraction Prostates were pulverized under
Tiquid nitrogen and suspended in lysis buffer { Tris HC1 10
mmol/L, NaCl 10 mmol/L, edetic acid 10 mmol/L, PK
100 mg/L, 1 % SDS, pH=28.0] and incubated at 37 C
till the mixture became clear. The DNA was extracted
by phenol/chloroform 1:1, precipitated ovemnight, and
centrifuged for 30 min, 4 C, at 12000 x g. The pellet
was resuspended in TE buffer ( Tris-HCl 0.1 moL/L,
pH 8.0, edetic acid 10 mmol/L). The DNA was subse-
quently treated with RNAase (100 mg/L) for 1 h at 25
T, incubated overnight with PX (100 mg/L) at 37 T,
and finally reextracted with phenol, phenol/chloroform,
precipitated with ethanol, and resuspended in TE buffer.

Determination of DNA content The UV ab-
sorbance of extracted DNA was measured at 260 nm and
280 nm. Purity requirement was set at ODgg/ ODgs >
2. Then, the DNA content was calculated from the
ODy, value. Every unit of ODsyg is equivalent to dou-
ble strained DNA 50 mg/L..

Agarose gel electrophoresis DNA samples, of
about 0.2 pg each, were electrophoretically separated on
1.8 % agarose gel containing ethidium bromide (0.4
meg/L). DNA was visualized by a UV (302 nm} tran-
silluminator and the gels were photographed with a Po-
laroid camera.

Quantification of apoptotic cells  Ventral

prostates were fixed by immersing in 10 % buffered for-
malin, embedded in paraffin, sectioned at 5 pm, and
stained with hematoxylin and eosin (HXE) .

Apoptotic cells were also identified using a modifi-
cation of the TdT-mediated JUTP-biotin nick end labeling
(TUNEL)'®), The TUNEL technique involved inserting
labeled nucleotides into broken ends of DNA strands.
Sections 5-um thick were deparaffinized and rehydrated.
Sections were incubated with proteinase K 20 mg/L for
30 min at 37 T to digest nuclear proteins, washed in dis-
tilled water four times, and immersed in 2 % hydrogen
peroxidase for 5 min at 25 T to inactivate endogenous
peroxidase aclivity. The sections were rewashed as
above, equilibrated in TdT buffer (Tris 30 mmol/L, pH
7.2, sodium colodylate 140 mmol/L , cobalt chloride 1
mmol/L ), and covered with TdT 0.4 mg/L and biotin-
dATP 12.5 pemol/L in TdT buffer for 1 h at 37 T in 100
% humidity .

Assay of the pACP activity Prostates were re-
moved and frozen sectioned at 6 pm. After that it was
fixed with ice cold acetone and incubated with citrate
buffer (4 mg of p-nitrophenol phosphate in 0.5 mL of
H,0, plus 0.5 mL of citrate buffer 90 mmol/L pH 4.8)
at 37 C for 30 min. Al the end of incubation, the
slides were rinsed by water and immersed in 2 % acetate
acid buffer to terminate the action. Optical density at
410 om was determined in 2 microspectrophotometer.
After subtracting for the appropriate blank, the concentra-
tion of the reaction product, p-nitrophenol was calculated
by comparing the ODy, of the sample to the 0Dy of a
standard curve constructed with known concentration of
p-nitrophenol. The percentage of inhibition by castra-
tion and epristeride treatiment was calculated as percentage
of the control activity.

Statistics Results were expressed as the ¥ + 5 and
statistical significance was assessed using ¢-test. P val-
ues less than 0.05 were considered to be significant.

RESULTS

Prostate weight and DNA content In intact
animals, the prostate wet weight gradually increased with
time from (479+67) gond 4 to (539+£95) gond 10
{Tab 1), Both epristeride and casiration decreased
prostate wet weight, but the decrease was greater in cas-
tration-treated group at all time points. Maximal or near-
maximal decrease in prostate weight was seen on d 10 in
both groups.
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Tab 1. Epristeride 50 mg/kg changed the prostate wet
weight and intraprostatic DNA content and concentration

mrats, m=10. ®xs. "P<0.05, P<0.01 vs inmct
group,
Duration of experiment/d

¥ 7 1o 20
Prostate weight myg
TR AT+ T AT & B S ug S
Bpriswride 350+ 102" 3040 WG+ BN
Castrate 2] £36° Lpds 05 Ak ll® Tl
DINA content g per prostate
Izt B+ 4 Hi% £ 410 HALE ] 872 30
Epristeride  7¥ + 24 T+ 1 ST e RS2+ 4%F
Castratc. 3838231 370435 IDRe 0 0= 13
DINA concenteation mis® i~ wel tissug
Intac LA0£0 12 1704006 16203 L6053

Epristenide 2. 2540,21" 224080 180,10 1.9 =021
Castrate L8203 204012 265+ 0,252 [9% 0.0

Both castration and epristenide caused an increase in
prostate DNA concentration , indicating a greater loss of
cell mass than DNA content,  This was consistent with
cellular atrophy and occurred 10 a greater extent in castrat-
ed group than in epristende-treated proup;  Castration di-
minished intraprosttic DNA content by 53 % afier 4 d,
and & near maximal decrease m prostate DNA content was
reached by d 100 1800 % decresse ). Epristende caused
lile decrease in DNA content by d 4 and thereafter,
The decrease was less than castration (34 % on d 100,

H&E staining  Both castration and epristeride
treatment increased the number of apoptotic cells and
caused epithelial cell attophy. Four days after castration.
the nuclear chromatin condensation, compactness of ¢ylo-
plasmatic organelles, and the appearance of peduculated
protubsrances on the cell surfaces were maioly found in
the epithelial cells and some of the stromal cells.  Apop-
totic bodies increased therealler.  Similar changes were
also found in the epristeride-treated group (Fig 1] .

TUNEL technique In castrated rats, TUNEL
cleardy revealed o distinel pottern of nuclear slaining in
both epithelial and stromal cells on d 4, followed by a
gradual decrease in the rate of staining thereafier. With
epristeride treatment, positive staining was found in both
cells on d 4, and there was no marked increase thereafter
(Fig 2},

DNA electrophoresis  In casmated mts, DNA
lysis oceurred on d 4, 7, W, 20 and DNA extruct
demonstrated a clear ladder with bands down fo a single
nuclecsome’s complement of DNA.  While n epristeride

Fig 1. HE staining of prostate.  Paraffine section from
rat ventrnl prostate stained by the T&E.  Apoptotic
bodies are marked by arrows. [ %330}, (A) Prostote
trom rats 4 d postorchiectomy; (B) Prostate from rats
treated with epristeride 50 mg/kg for 4 d.

treated group, typical ladder was found only on d 4, 7,
and 10 (Fg 3.

Assay of pACP activity  Seven days after casirs-
ton, the activily decreased by 61 % of control . Tt con-
tinued (o decrease thereafter. Al the end of 20 d, it was
only 39 % of control.  Similarly , ACP activity declined
in the same manner as thil of castration, but in 1 much
lesser extent in the epristenide group. The changes in the
activity o ACP were coincide with those in the prostate
wet weight and DNA content dunng treatment { Fig 1, 5,
6l

DISCUSSION

Various reports noted apoptosis eccurred  mainly ar
the glandular epitheliom.,  We have also Tound positive
staining in stromal cells in eprsteride-(reated group using
TUNEL techmgue.  This was perhaps due 1 the specific

inhibitory activity of Se-reductase type [1'7'.  This was
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Fig?. TUNEL of prostate, Pamaffine secton from rar ventral prostate skuned by the TUNEL method for PCLY.
{330}, (A} Prostite from rats 4 ¢ postorchiectomy; {B) Prostate from ras 10 d postorchicctomy; 1C] Prostate

from rats treated with epristeride 50 mg kg for 4 d.
d.

123456789 10

Fig 3. DNA analysis by 1 % agarose gel electrophore-
siv of the genomic DNA extracted from rat ventral
prostaite.  Fane 1, 6 DNA marker; 2, 3, 4, 5: 20 d,
i0d, 7d, and 4 d postochiectomy, respectively; 7, B,
9, 10: 20-d, 18-d, 7-d, and 4-d treament with epris-
teride 50 me kg, respectively.

also consistent with other reporis, which demonsinastid
that detectable Tevels of Se-reductise type || mRNA were
found e bot sorome] and ::pilheliumwl.

ACP was = plycoprotein, synthesized by o series 0f
giyeosylunons of the basic polypeptide chain during pack-

aging in the golgl spparatus.  There were andogenic

(T Prostate from muts treated with epristeride 50 mg/kg for 10

controls at both the level of eneyme and the level of con-
mmlling the state of gl}fcngvl.'nian"”. fts tetivity miay re-
flect the secretory ability of prostatic glandular cells. 11
has been reported efsewhere thal weid phosphatase could
be o useful marker of androgen action m prostate expiant
Our snudy also showed that the decrease of
ACP activity was refaled o chemtical event m PCD of

cudure 1|

prostatic gland and supgested the possibility of using il as
& marker of aophy of prostane ghand o eve . The
changes in the ACP activity during castration o epris-
teride moatment were consivient with other madinonal
markers of androgen action such as prostate wel weight
amd EINA content.

i1 cefl death was the only mechanisny cagsing the re-
duction in wel weight in the prostaie of epristeride-treated
animals, the prostare weight should decrease m proportion
16 the decrease of DINA content. Bul this was not the
case.  Prostate welght decreased mnore mpidly than DNA
content i s given So-reductise inhibitor.  In the 4-d
experiment, the wel weight of prostite decreased by
27 G, and DNA concenteation: increased by 31 %, re
sulting in no marked change of fow] prostae DNA eon-
tent.  However, epristeride caused 1 marked decrease in
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Prostate ACP of mats | = 132).

{A] Prostate
from intact rats; (B) Prostate from rats treated with
epristeride for 20 d.

Fig 4.

ACP activity.  Therefore, a 4-d epristeride weatment in
the rat markedly decreased epithelial cell secretory activily
but caused little or no cell death, After 10 d, the con-
tinued reduction in the wet weight of the prostate appeared
to be due to both cell loss and decreases of cell secretory
activity . Our results provided much insight 1o the contri-
bution of both the atrophy indicated by DNA content and
ACP activity and cell death via apoptosis due w the epris-
teride-induced decrease in prostate weight.

Both the rate and the degree of inhibition of prostatic
secretion and apoptotic prostaric glandular cells by epris-
teride treatment were smaller than those induced by surgi-
cal castration.  Various reporis showed that epristeride
treatment induced an mcrease i the concentration: of
estosterone’'!' . And an increased concentration  of
festosterone could compensate for the weaker inferaction
of testosterone with the androgen receptor™ . This
could explain why eprisieride did not induce the same de-
gree of prostate cell death, inhibiton of prostatic cell
proliferation, and ACP activity as surgical castration.
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Fig 5. Changes in the prostate ACP activity of castrat-
ed rats and compared with those in the wet weight of
prostate and DNA content during 20-d treatment.  All
data were caleulated as the percentage of that of the in-
wmet, n=10. x=g.
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Fig 6. Changes in the prostate ACP activity of rats

treated with epristeride 50 mg/kg and compared with
those in the wet weight of prostate and DNA content
during 20-d treatment. All data were calculated as the

percentage of that of the intact, n=10. x=x 5.
REFERENCES
I Rittmasters BS.  So-Reductase inbibiwrs 1 Arsdeols 199957

18y BE2 -7,

2 Brks JR, Baptista EM, Berman €, Ham EA, Hichens M.
Johnston DB, er el Response of rat ventral prostaie (o a new
andd nivel Se-reductase mbabitor.  Endocrinology 196815 100,
Bl -0,

3 Moartikainen P, lsaacs T, An organ culture system for the
sty of programmrned. cell death in o the il venteal  prostate.
Endocrinology [990; 127, 1266 - 77,

4 Imacecss JT.  Antagonistic effiect of andmgens on prostarie cell
death,  Prostate 1994 5 Fk =57

5 Kyprianoo N, Isawcs [T, Actvaion of programmed cell death
in the mi ventral prostate after castration.  Endocrinology
1R 12, 552 — 2,




[R——r S

ISSN 0253.9756  Acta Pharmacol Sin ¥ B &2 ¥4 2001 May; 22 (5)

© 404 - E-mail aps @ mail. shene. ac.on

Phn/Fax 86-21-6474-2629

6 Gawreli Y, Sherman Y, Ben-Sasson SA. Identification of
programmed cell death in sity via specific labeling of fragment-

ed DNA. ] Histochem Cytochem 1992; 41; 7-12.

7 Levy MA, Brandt M, Sheody KM, Dinh IT, Holt DA, Gar-
rison LM, et al. Epristeride is a selective and specific un-
competitive inhibitor of human steroid Se-reductase isoform 2.
J Stercid Biochem Mol Biol 19%4; 48: 197 —206.

8 Bruchovsky N, Sadar MD, Akakura K, Goldenberg SL, Mat-
suoka K, Rennie PS. Characterization of Sa-reductase gene
expression in stromal and epithelivm of human prosiate. J
Steroid Biochem Mol Biol 1996; 59: 397 — 4(4.

0 Suzuki H, Nihei N, Sato N, Ichikawa T, Mizokami A, Shi-

mazaki J. Inhibition of growth and increase of acid phos-

phatase by testosterone on androgen-independent mwrine pro-
static cancer cells transfected with androgen receptor cDNA.

Prostate 1994; 25: 310-9.

Shao TC, Kong AY, Cunningham GR. Acid phosphatase ac-

tivity; A marker of androgen action in the prostate explant cul-

tures. Prostate 1987; 10. 69—77.

11 Lamb JC, English H, Levandoski PL, Rhodes GR, Johnson
RK, Isaacs JT. Prosiatic involution in mats induced by a novel
Sa-reductase inhibitor, SK&F105657: Role for testosterone in
the androgenic responses.  Endocrinology 1992; 130; 685 -
.

12 Grino PB, Griffin JE, Wilson JD. Testosterone at high oon-
centrations interacts with the human androgen receptor similarly
to dihydrotestosterone.  Endocrinalogy 1990; 126; 1165 - 72.

10

So- i P HAIBE T 145 F X B MR 5 iR 88
nfmAT

RIRE, TREEE, BYR
(FEBER LB EGR WA LB AR,
k¥ 200031, $E)

X BT WAIRIEA AR E4;
BT RO ; R ALY CORIR AT T

B FRBL | HETES AW BHRKE T
FGITEO A R R4 . BT LTS R R S
fEupl PR SR T AT . ik REMRA
BU% &4k, TUNEL 3 f 3005 0 B L 3k 8 )
DNA Wi . BERIFIR RN ELE. &%,
EZRAMBEHEARHBERNFI RSB
HPI|RNARPT-NBEX TR, 255
BRERBRETHIBEER DNAZE, A&T
DNAWRE. BEABRBERKMWNGHRELELEHE
10X, ELIEEMEH T AT5REERRERET,
HFhSH AR EF515 RE B DNA S &K
i —F . ik, BYWHRE TR AT R4 A
TRBITAIPIR B A . Bi5 IR S PE B BR M A 05
H A AT R BRI A

(T LHE)




