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Effects of Androgen Deprevation and Replacement on the Penis and
Erectile Function in the Adult Rat

Young Deuk Choi, Jin Ah Park, Woo Sik Chung" and Hyung Ki Choi

From the Department of Urology, Yonsei University and Ewha Womans University*
College of Medicine, Seoul Korea

Purpose: Androgen plays an important role during penile development and is essential for libido in the male,
but its role in the regulation and maintenance of the erectile response has been controversial. We investigated
the effects of castration and androgen replacement on penile erection in the adult rat.

Materials and Metheds: Adult male Sprague Dawley rats were divided into three groups: control, castration,
and androgen replacement after castration. Androgen (testosterone, DHT)} was administrated for 7 days at week 1,
2, 3, and 4 after castration. The intracavernosal pressure was recorded after submitting the rats to cavernous
nerve stimulation. The percentages of cells in the penis expressing Ki-67 (proliferative index) and of apoptotic
cells, assessed by morphologic analysis (apoptotic index), were analyzed. Nitric oxide synthase (NOS) activity
was measured by the arginine-citrulline conversion ratio, and expression of nNOS and eNOS was determined by
Western blot analysis.

Results: After castration, a significant increase was noted in the apoptotic index, with a decrease in the
expression of nNOS and eNOS. Replacement of androgen increased the proliferative index and the expression of
nNOS and eNOS: Castration also induced -a reduction in NOS: activity and erectile function in response to
cavernous nerve stimulation; NOS activity and erectile function were restored with androgen replacement.

Conclusions: These results suggested that the penile tissue and NOS activity of the adult rat are affected by
the androgen milien and that androgens such as testosterone and DHT play a direct role in the erectile function
at the level of the erectile tissue.
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Figure 1. Positive nuclear staining of apoptosis and Ki-67 antigen in the adult rat penis. A. Longitudinal sections for apoplotitf
cell death using an in situ DNA fragmentation labelling system (Apotag kit). At 7 days after castration. Extensively labeled nuclei
are seen. (x400) B. Longitudinal sections for Ki-67 antigen immunostaining indicating proliferative cells. At 7 days after the ad-
ministration of testosterone to a castrated rat. Many positive staining are seen. (x400).
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Figure 2. Effect of castration and androgen replacement
on the apoptotic index (AD) in the adult rat penis. Al is in-
creased after castration and decreased with androgen re-
placement. Values represent the mean perceniage of cells that
showed positive labelling of DNA fragmentation detected in
situ DNA fragmentation labelling system. Each bars represent
the mean + SEM. Day means the duration of castration.
Control: Intact control (n=35), Castration: Orchiectomy bila-
teral (n=35), TH: Testosterone replacement after orchiectomy
(n=35), DHT: Dihydrotestosterone replacement after orchie-
ctomy (n=35).
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Figure 3. Effect of castration and androgen replacement on
the proliferative index (PI) in the adult rat penis. PI is decrea-
sed after casiration and increased with androgen replacement.
Values represent the mean percentage of cells that exhibit po-
sitive immunostaining for the Ki-67 nuclear antigen. Vertical
bars are SEM. *: p<0.05, significant difference between con-
tro! and castration group. Day means the duration of castration.
Control: Intact control (n=35), Castration: Orchiectomy bila-
teral (n=35), TH: Testosterone replacement after orchiectomy
(n=35), DHT: Dihydrotestosterone replacement after orchiec-
tomy (n=353).
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Figure 4. Relative percentage changes of serum testo-
sterone, apoptotic index, and proliferative index rate against
time after castration in the adult rat penis. The decrease in
serum testosterone, proliferative index rate is concomitant
with an increase in the apoptotic index. Values represent the
mean percentage of each values referred to the respective in-
tact control series determination.




T HEZDANE 28AA 3~4Q0)] a2 DG D o)
F 1o Z71tAt el ot (Figue 2). 284 A 2
YEY A E2ARs TPY DHTE H5§ 34 2459,
TPS DHT Ko i3t A =g nlwspd TPE Has 2
¢ DHTE 238 7% <9303 3ol A%t (p>0.05)
{(Figure 2).

Az SANANA Ki-672) W@ o] eyt
ov (Figure 1), 2347 3URE RE 29 oA 245
o BAA7A A= ATk (Figure 3). 28AA = Yy 5

A
Y Y/X=8top |
: Trnax Basal pressure
1 Stimulation on T Stimulaticn off
C
0 Group | (n=35) B Group Il {(n=35)
Group lll {n=35) B Group IV {n=35}
004
0.035 1
0.03
0.025 1
0.02
0.015 1
C.01
0.005
0

Duration (days)

Maxirmal caverncsal

B2EE B39 A3 K679 $He wuku 8w o)A
B REEG 0 AnE g4 azRg 2eige
H (p<0.01) A A 7]7to] L}, TP Y DHTo| w2 o
e Aol glgltt (p>0.05) (Figure 3).

THIEES SANAA MEe) WslE AnEn o
FAAZ DF testosteroneo] TSI L SIAA ol A A
ETHE Fasta A EnA7 2693, 5 2R e

23 SANAA AN E NEDAD) adin N
o] F7}3t3th (Figure 4).

OGroup | {(n=35) & Group )f (n=35)
Group Il (n=35) B Group #V (n=35)
166G {
140
Q, 120 t
£ 100
L
o 80}
z 60
w
2 a0
jo N
20
¢
0 7 14 21 28
Duration {days)
D
0 Group | (n=35) Group Il (n=35)
Group Il {n=35) B Group IV {(n=35)
100
[
)
s
L
%
©
E
}_

28

21
Duration (days)

14

Figure 5. The effect of androgen on the erectile response. A, Schematic drawing shows the jncrease in intracavernous pressure
induced by unilateral cavernous nerve stimulation (2 Hz, 3 Volts) in the rat. The increase in pressure is described in terms of: (1)
AP, intracavernosal pressure defined as the maximal pressure obtained by the stimulation minus the basal pressure before stimu-
lation; (2) Tmax, defined as the time to reach the maximal pressure; and (3) The slop of the initial, ascending part of the increase
in pressure (y/x). B. AP, C. The slop, D. Tmax. The magnitude of the ereclile response declines significantly after castration.
The decreased erectile responses are recovered after the administration of androgen. Each bar is the mean + SEM. Analysis of sig-
nificance was compared with control (*: p<0.05, **: p<0.01). Group I: intact control (n=35), Group II: castration (r=35), Group
1II: castration + testosterone propionate (n=35), Group [V: castration + DHT (n=35). Day means the duration of castration.
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Figure 6. Effect of castration and androgen replacement
on the NOS enzyme activity in the cytoso] fraction from the
tat penis. The supernatants of the homogenates were obtained
from each rats. Aliquots were assayed for the “C-labeled 1-
arginine/citrulline conversion and for protein content. NOS
specific activity was expressed per gram of tissue (%
conversion/mg protein). All values are expressed as mean+
SEM of cach values referred to the respective intact control
series determination. Analysis of significance was compared
with intact control (*: p<0.01). Group T: intact control (n=35),
Group I castration (n=35), Group IIl: castration + testoste-
rone propionate (n=35), Group IV: casiration + DHT (n=35).
Day means the duration of castration,
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Figure 7. Effect of castration and androgen replacement on the content of NOS (nNOS and eNOS) in the cytosol fraction
from the rat penis. The supernatants of the penile homogenates were submitted to Western blot analysis with anti-rabbit polyclonal
NOS antibody and detection by a chemoluminescence reaction. Top: Western blot analysis of NOS in the rat penis tissue. An im-
munoreactive nNOS band at 155 KDa and eNOS band at 140 KDa was detected. Bottom: densitometric analysis of the top
nNOS 155 KDa and eNOS 140 KDa band. Mecan and SEM of densitometric values (absorbance/jig protein) are expressed as %
of normal control. Analysis of significance was compared with control (*: p<0.05, **: p<0.01). NL: Intact control (n=35), OX:
castration (n=35), TP: Testosterone replacement after orchiectomy (n=35), DHT: Dihydrotestosterone replacement after orchiectomy

(n=35). Numerics means the duration of casiration.
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