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Abstract Blood  flow to the rat ventral prostate (VP), 
dorsolateral prostate (DP), and Dunning R3327 pros- 
tatic tumors was measured at different times up to 7 days 
after castration, using the microsphere method. In the 
VP organ weight was decreased from day 3 onwards. 
Blood flow was, however, already significantly decreased 
from day 1. The reduced blood flow in VP in 1-3 and 7- 
day castrated animals could be reversed by testosterone 
treatment. Organ weight was slightly decreased but 
blood flow was unaffected by castration in DP. Castra- 
tion left Dunning tumor volume and b lood  flow 
unaffected. Using immunohistochemistry, androgen 
receptors were observed in epithelial and stromal cells in 
VP, DP and Dunning tumors, but not in blood vessels. 
Castration is known to induce apoptosis in the VP, but 
not  in the DP or in Dunning tumors. This suggests that a 
reduction in blood flow might be an important compo- 
nent for the castration-induced involution and apoptosis 
in prostatic tissue. The reason why castration reduces 
blood flow only in the VP, and not in the DP or Dun- 
ning tumor is unknown. 
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Introduction 

In the rat ventral prostate (VP), castration is known to 
induce a marked reduction of prostatic epithelial cell 
mass. Ninety percent of the epithelial cells are lost 
within 8 days of castration [19]. Removal of the trophic 
hormone testosterone induces a cascade of events in 
prostatic epithelial cells that eventually results in ap- 
optotic cell death [10, 19, 26, 38]. The percentage of 
epithelial cells dying per day through apoptosis is 
slightly increased at 1 day after castration, it is markedly 
so 2 to 5 days and only slightly so 7 days after castration 
[6]. The topographical distribution of apoptosis in the 
rat VP is apparently heterogeneous. It is most pro- 
nounced in the glandular parts most distal from the 
urethra [39]. The androgen receptor is, however, evenly 
distributed and there are no differences in receptor- 
binding activity, or 5c~-reductase activity between the 
distal and proximal parts of the ducts [30]. This suggests 
that other local factors could be of importance for the 
induct ion  of apoptosis in the VP. In other androgen- 
sensitive organs, such as the dorsal prostate (DP) and 
the coagulating gland, castration only marginally in- 
creases apoptotic cell death [1] and in the androgen- 
sensitive Dunning R3327-PAP tumor, the number of 
apoptotic cells even decreases after castration [43]. This 
suggests that the local environment of the androgen-  
sensitive cells may determine whether castration induces 
apoptosis or not. 

Interestingly, apoptosis may, in mice prostatic tumor 
models [41] and in other organs such as brain, kidney 
and liver, be induced by low-grade or transient ischemia 
[22, 25, 31, 35, 46]. Previous studies have shown that 
VP blood flow is markedly reduced several days after 
castration [12] and it has also been suggested that 
prostatic blood vessels conta in  androgen receptors [29]. 
The aim of this study was, therefore, to examine if 
castration influences blood flow to the different pros- 
tatic lobes of the rat and to the Dunning 3327-PAP 
tumor. 
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M a t e r i a l s  a n d  m e t h o d s  

Animals and treatment groups 

Male Sprague-Dawley rats were purchased from M611egaard, 
Denmark. They were housed under controlled conditions and given 
water and pellets ad libitum. The experiments were done according 
to the Swedish Legislation on animal care, and approved by the 
local ethical committee on animal protection. At the time of the 
experiments the animals weighed 350-500 g. A total of 77 animals 
were divided into five groups. Group 1 served as untreated controls 
and groups 2 to 5 were castrated at different times before blood 
flow measurements. Rats were anesthetized with a single intra- 
muscular injection of Hypnorm (fluanisonum 10 mg/ml and fen- 
tanylum 2 mg/ml) 0.5 ml/kg body weight and the castration was 
done through a single scrotal incision. The animals were castrated 
at 12 h, 24 h, 3 days and 7 days before blood flow was measured. 

To elucidate whether the observed changes in prostatic blood 
flow were reversible by testosterone administration or not, three 
groups of animals were castrated and hormonally substituted with 
a single subcutaneous injection of testosterone entanate (Testovir- 
one-Depot, Schering, Germany) 250 mg/ml, 0.2 ml 8 or 24 h prior 
to blood flow measurements. Previous studies have shown that 
doses smaller than this restore blood flow to the VP in castrated 
rats [19]. Substitution experiments were performed on 43 animals 
castrated 1, 3 and 7 days before blood flow was investigated as well 
as on a control group of untreated animals. 

For tumor experiments, 18 Copenhagen X Fisher hybrid male 
rats of the same size and origin as the Sprague-Dawley rats, were 
implanted with a 1 x 1 mm piece of the transplantable cell line 
Dunning R3327-PAP, as previously described [21]. Some of the 
tumor bearing rats were castrated when the tumors had reached a 
size of approximately 1 cm 3. 

Blood flow measurements 

Rats were anesthetized with a 1:1:2 mixture of Hypnorm (fluaniso- 
num i0 mg/ml and fentanylum 0.2 mg/ml, Janssen Pharmace- 
utica), Dormicum (midazolam 5 mg/ml, Roche) and sterile water, 
3.0 ml/kg administered as a single intraperitoneal injection. During 
the experiments, the animals were kept supine on a heated pad. 

Blood flow to different organs was measured using radioactive 
microspheres (diameter 15.5 + 0.1gm, Dupont Biotechnology, 
Wilmington, Del.) labeled with 141Ce. The method used was orig- 
inally described by Rudolf and Heymann [32] and modified by 
Damber and Janson [14, 15]. Manual vortexing was done directly 
in the injection syringe. One milliliter of microspheres dissolved in 
0.15 M NaC1 was injected over 30 s. Aspiration of the reference 
sample from the tail artery was at least continued 15 s after the end 

F i g .  1 The effect of castration 
on blood flow to, and wet 
weight of, the ventral prostate. 
Blood flow had already 
decreased significantly at 1 day, 
whereas the weight did not 
decrease until 3 days after 
castration. Values are 
means = SEM. * P < 0.05, 
• *P < 0.01, when compared 
with intact animals 
(Mann-Whitney U-test) 
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of the injection of spheres. The animal was then killed by 
thoracotomy. 

The VP and DP were dissected out and biopsies were also taken 
bilaterally from the kidneys. The tumors were dissected from their 
fibrous capsules. A central and a peripheral part from each tumor 
were analyzed. When the flow to the distal and proximal parts of 
the VP was studied, the same method was used, except that the VP 
was immersion-fixed in 4% formalin in phosphate-buffered saline 
(PBS) to simplify the dissection, which was done under a dissection 
microscope. The radioactivity was measured in an automatic 
gamma counter (Rackgamma, LKB, Sweden). Blood flow is 
expressed as flow per mass unit and values are given as 
m l x m i n  i x  100g 1. 

Androgen receptor immunohistochemistry 

Adult rats were perfusion-fixed with Bouin's solution for 15 min. 
Testes, VP, and DP were then removed and immersion-fixed for 
120 min in the same fixative, and subsequently dehydrated and 
embedded in paraffin. Six-micrometer thick sections were mounted 
on poly-L-lysine-coated slides (Sigma, St. Louis, Mo.). The sections 
were deparaffinized, rehydrated and heated in a microwave oven 
(600 W) for 2 x 5 min in citrate buffer using an antigen retrieval 
method as earlier described [38]. The sections were put in 3% H202 
in methanol for 20 min and rinsed in PBS with 0.1% bovine serum 
albumin (BSA; Sigma). Normal 5% goat serum was used to min- 
imize unspecific binding. The sections were then incubated over- 
night at 4°C with rabbit androgen receptor IgG (Biogenesis, N.H.) 
diluted 1/30. Localization of antibody-antigen complex was per- 
formed using the A B e  (avidin-biotin complex) technique (Vector 
Laboraties, Burlingame, Calif.) and peroxidase activity was visu- 
alized using AEC (3-amino-9-ethyl-carbazole; Sigma). Prostatic 
sections of castrated animals and controls, as well as testis sections 
were examined by light microscopy. 

Statistics 

Values are expressed as mean + standard error of the mean 
(SEM). Comparisons between groups were made using the non- 
parametric Mann-Whitney U-test with the support of SPSS for 
Windows statistical program v. 6.1. A P-value less than 0.05 was 
considered significant. 

Results 

B l o o d  f low, t u m o r  a n d  o r g a n  we igh t s  

V P  we t  w e i g h t  was  n o t  s ign i f i can t ly  c h a n g e d  un t i l  3 days  
a f te r  c a s t r a t i o n  a n d  the re  was  a m a r k e d  dec rea se  a t  7 
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Table 1 Blood flow and wet weight of different organs after castration. Mean values are given ± SEM; n number of observations within 
each group, M A P  mean arterial pressure, VP ventral prostate, DP dorsal prostate, m not studied 

Group n MAP (mmHg) Blood flow (ml x 100g -l × rain <) Wet weight (g) 

Kidney VP DP VP DP 

Intact 18 95 ± 3 512 ± 60 66 ± 7 34 ± 8 0.40 ± 0.02 0.21 ± 0.02 
12 h a 9 104 ± 6 750 ± 96 58 ± 9 ns 0.40 ± 0.02 ns 
1 day ~ 21 96 ± 3 480 ± 54 39 ± 5** 38 ± 9 0.40 ± 0.03 0.17 ± 0.02 
3 days ~ 21 84 ± 2** 484 ± 48 22 ± 3*** 23 ± 6 0.32 ± 0.02* 0.15 ± 0.02 
7 days a 8 84 ± 4** 550 ± 63 46 ± 9* 34 ± 8 0.11 ± 0.03*** 0.07 ± 0.02* 

*P < 0.05, **P < 0.01, ***P < 0.00l when compared with intact animals 
~ Time after castration 

Table 2 Blood flow to the proximal and distal parts of the VP at 
different times after castration. Mean values are given ± SEM; n 
number of observations within each group. None of the values for 
the distal VP are significantly different from the proximal VP when 
tested with the Mann-Whitney U-test 

Group n MAP Blood flow (ml x rain -I × 100 g-~) 

Proximal VP Distal VP 

Intact 6 98 ± 6 51.7 ± 15 57.4 ± 14 
Day 1 a 8 8g ± 2 20.9 ± 6 25.3 -+ 6 
Day 3 a 12 80 ± 3 21.5 ± 2 28.3 ± 4 

Time after castration 

Table 3 Ventral prostatic blood flow in intact, day-l,  -3 and -7 
castrated rats after testosterone supplementation at different times 
before measurements. Mean values are given and ± SEM; n num- 
ber of observations within each group, testo testosterone 

Group Blood flow (ml × min -1 × 100 g-l) 

Castration Castration Castration 
only + testo 8 h + testo 24 h 

Intact 66 i 7 n = 18 65 ± 11 n = 7 ns 
Day 1 39 ± 5 t~ = 21 48 ± 6 ~ = 7 ns 
Day3 22 k 3 n - 14 36 ± 5* n = 11 48 ± 17**n = 7 
Day7 46 ± 9 n - 7 101 ± 9** n - 6 62 ± 11 n 5 

*P < 0.05 and 
**P < 0.01 when compared against the VP blood flow of animals 
in the castrated-only group 

days (Fig. 1). VP b lood  flow was significantly 
(P < 0.05) decreased 1 day after cas t ra t ion,  and 
remained  low unti l  7 days after cas t ra t ion  (Fig. 1, 
Table  1). There  was no significant difference in the b lood  
flow decrements  between the distal and p rox imal  parts  

o f  the VP (Table 2). There  was a tendency for flow to 
decrease at 12 h tha t  did no t  reach statistical signifi- 
cance. The  b lood  flow rates to the kidneys and the D P  
were largely unaffected by cas t ra t ion  (Table 1). Testos-  

t e rone  given 8 or 24 h before  measu remen t s  in 1- and 3- 
day cas t ra ted  rats increased b lood  flow in a dose-re la ted 
way, but  it could  no t  normal ize  the b lood  flow rate in the 
VP at day 3 (Table 3). In contras t ,  tes tos terone  treat-  
ment  induced a m a j o r  and rapid increase in VP b lood  
flow in 7-day cast ra ted rats. (Table 3, Fig. 2) Cas t r a t ion  
did not  affect D u n n i n g  t u m o r  b lood  flow (Table 4). 
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Fig. 2 Blood flow to the ventral prostate after castration with or 
without testosterone substitution. Substitution with testosterone at 8 
and 24 h before blood flow measurements showed a marked response 
at 7 days only. Values are means ± SEM. *P < 0.05, **P < 0.01, 
when compared with animals without testosterone substitution 
(Mann-Whitney U-test) 

Table 4 Blood flow to VP and Dunning tumor after castration. 
Mean values are given ± SEM; ~ number of observations within 
each group 

Group n MAP VP Tumor Kidney 
blood flow blood flow blood flow 

Intact 8 78 + 3 51 ± 12 81 ± 13 409 ± 40 
3days 10 70 + 3 33 ± 5* 85 ± 12 455 ± 93 
after 
castration 

*P < 0.05 when compared with the intact group 

A n d r o g e n  receptor  immunoh i s tochemis t ry  

In the intact  VP, D P  and D u n n i n g  t u m o r  immunore -  
active androgen  receptors  (AR)  were observed  in the 
nuclei  o f  the g landular  epithelial  and s t roma cells, but  

receptors  were not  found  in the endo the l ium or smoo th  
muscle layer o f  b lood  vessels (Fig. 3). Cas t ra t ion  did not  
influence the cellular d is t r ibut ion  o f  A R ,  but  the s taining 
was m u c h  weaker,  as shown by Prins [28] (not shown).  
As a posi t ive cont ro l  o f  vascular  staining, and rogen  
receptors  were observed in test icular  b lood  vessels, as 
earlier described [3] (not  shown).  
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Fig. 3 A A section from the 
ventral prostate immuno- 
stained to visualize androgen 
receptors (x400). Such recep- 
tors as are in this lobe are 
observed principally in nuclei of 
epithelial cells, but not in blood 
vessels (arrowheads). B A con- 
trol section incubated with 
androgen receptor-antiserum 
neutralized with excess of the 
immunogen is unstained (x400) 

Discussion 

This study demonstrates that castration induces a rapid 
decrease in blood flow to the VP. The fall in blood flow 
precedes the morphological apoptotic cell death that 
peaks at 2 to 3 days after castration [6] as well as the 
decrease in organ weight. There was, however, no sig- 
nificant decrease in blood flow to the DP or Dunning 
tumors after castration. Interestingly, recent studies 
have shown that castration does not induce apoptotic 
cell death in those tissues [1, 43]. Hypothetically, the 
absence of a castration-induced decrease in blood flow 
might thus be one reason why castration fails to induce 
apoptosis in DP [1] and in the Dunning tumors, a tumor 
that probably originated in the DP [17]. In several other 
organs such as kidney, liver and brain, apoptosis may be 
induced by low grade or transient ischemia [22, 25, 31, 
33, 35, 46]. It is therefore possible that the major de- 
crease in blood flow to the rat VP induces low-grade 
ischemia and that this might be of importance for the 
induction or potentiation of the apoptotic process and 
consequently for the rapid castration-induced involution 
of the VP. 

The distribution of apoptosis in the VP after castra- 
tion is heterogeneous in that it is reported to be maximal 
in the parts most distal from the urethra [39]. If blood 
flow is an important factor for the induction or poten- 
tiation of an apoptotic response, this distribution would 
be the expected one, since the principal arteries sup- 
porting the VP enter at the base [5] and end at the distal 
parts of the glands. However, we have not been able to 
show any difference in regional blood flow to the VP 
after castration (Table 4). 

If  reduction in blood flow is a necessary component 
in a full-scale apoptotic and involution response in an- 
drogen-dependent organs it would obviously be of im- 
portance to know the factors regulating blood flow in 
the normal and malignant prostate. In other endocrine 
or steroid sensitive organs, such as testis, adrenal cortex, 
ovary, and uterus, blood flow is regulated by the stim- 
ulatory hormone, suggesting a relation between function 
and blood flow [4, 8, 11, 18, 36, 40, 42]. At menstruation, 
uterine blood flow decreases, which leads to hypoxia, 
apoptosis and necrosis [37]. 

Prostate blood flow is regulated by general factors 
such as blood pressure and body temperature [20]. Pre- 
vious work by our group has reported both lower [12, 
15] and similar [16, 34, 44, 45] values of prostatic blood 
flow compared with the present study. It is our experi- 
ence that systemic blood pressure is of importance for 
the absolute level of prostatic blood flow, since it is most 
likely that the prostate gland lacks autoregulation. It is 
also influenced by hormones, most importantly by tes- 
tosterone [13, 34]. Long-term withdrawal of testosterone 
decreases blood flow, and testosterone substitution 
maintains a normal blood flow to the VP in castrated 
animals. Other steroid hormones also have an effect on 
blood flow to the prostate. For example, estrogen 
decreases blood flow in experimental animals and in 
humans [13, 26]. 

Both the short-term, as in the present study, and 
long-term castration-induced decreases in blood flow 
could be the result of a general effect of decreased 
metabolism, but it could also be caused by stimulation 
or inhibition of a specific vasoregulatory factor. Inter- 
estingly, potent vasoconstrictors such as endothelin-1 
[24] and vasodilators like nitric oxide [7] are produced 
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loca l ly  in the p ros t a t e  and  poss ib ly  regu la ted  by  
a n d r o g e n s  [9]. A direct  effect o f  a n d r o g e n s  on  the 
vascu la tu re  is one poss ib i l i ty ,  as o the r  au tho r s  have  
sugges ted  tha t  vascu la r  A R  are  presen t  in the VP [29]. In  
this s tudy  such recep tors  were no t  observed,  suggest ing 
tha t  the  effect o f  t e s tos te rone  on p ros t a t i c  b l o o d  flow is 
m e d i a t e d  via  effects on  o the r  cells. 

In  the presen t  s tudy  we d e m o n s t r a t e d  tha t  the VP 
b l o o d  flow is pa r t l y  r e f rac to ry  to t e s tos te rone  substi-  
tu t ion  du r ing  the ear ly  phase  o f  c a s t r a t i on - induc e d  
involu t ion ,  bu t  the reason  for  this r emains  u n k n o w n .  
In teres t ingly ,  c a s t r a t i on  leads  to a decrease  in the en- 
do the l ia l  cell p o p u l a t i o n  in the VP at  7 days  af ter  cas- 
t r a t i on  [19]. I t  r ema ins  unc lea r  whe ther  the endo the l i a l  
cell dea th  is a resul t  o f  the genera l  i nvo lu t ion  o f  the 
g land  or  if  there  is a specific m e c h a n i s m  respons ib le  
for  it. 

Conc lus ion  

This  s tudy  clear ly  shows tha t  a s ignif icant  dec remen t  in 
b l o o d  flow to the  VP af ter  ca s t r a t i on  takes  p lace  before  
there  is any  decrease  in wet weight .  There  is no  signifi- 
can t  dec remen t  in b l o o d  flow to the D P  or  D u n n i n g  
tumor .  This  indica tes  tha t  the decrease  in p ros t a t i c  
b l o o d  flow migh t  be a f ac to r  invo lved  in the a p o p t o t i c  
process  in the p ros t a t e  af ter  cas t ra t ion .  

Acknowledgments This work was supported by the Swedish Medi- 
cal Research Council (project 5935), the Swedish Cancer Society 
(project 1760), The Lions and Maud and Birger Gustavsson 
Foundations. Skillful technical assistance was given by Mrs. Bir- 
gitta Ekblom and Ms. Pernilla Andersson. 

References 

1. Banerjee PB, Banerjee S, Tilly KI, Tilly JL, Brown TR, Zirkin 
BR (1995) Lobe-specific apoptotic cell death in rat prostate 
after androgen ablation by castration. Endocrinology 136:4368 

2. Berges RR, Furuya Y, Remington L, English HF, Jacks T, 
Isaacs JT (1993) Cell proliferation, DNA repair, and p53 
function are not required for programmed cell death of pros- 
tatic glandular cells induced by androgen ablation. Proc Natl 
Acad Sci USA 90:8910 

3. Bergh A, Damber J-E (1992) Immunohistochemical demon- 
stration of androgen receptors on testieular blood vessels. Int 
J Androl 15:425 

4. Bergh A, Damber J-E (1993) Vascular controls in testicular 
physiology. In: Kretser DM (ed) Molecular biology of the 
male reproductive system. Academic Press, New York, p 439 

5. Bivin WS, Crawford MP, Brewer NR (1979) Morphophysi- 
ology. In: Baker HJ, Lindsey JR, Weisbroth SH (eds) The 
laboratory rat, vol 1, Biology and diseases. Academic Press, 
Orlando, p 74 

6. Brfindstr6m A, Westin P, Bergh A, Cajander S, Damber JE 
(1994) Castration induces apoptosis in the ventral prostate but 
not in an androgen-sensitive prostatic adenocarcinoma in the 
rat. Cancer Res 54:3594 

7. Burnett AL, Maguire MP, Chamness SL, Ricker DD, Takeda 
M, Lepor H, Chang TS (1995) Characterization and localiza- 
tion of nitric oxide synthase in the human prostate. Urology 
45:435 

8. Carter AM, Richardson BS, Homan J, Towstoless M, Challis 
JRG (1993) Regional adrenal blood flow responses to 
adrenocorticotropic hormone in fetal sheep. Am J Physiol 
264:E264 

9. Chamness SL, Ricker DD, Crone JK, Dembeck CL, Maguire 
MP, Burnett AL, Chang TS (1995) The effect of androgen on 
nitric oxide synthase in the male reproductive tract of the rat. 
Fertil Steril 63:1101 

10. Colombel M, Olsson CA, Ng P-Y, Buttyan R (1992) Hor- 
mone-regulated apoptosis results from reentry of differentiated 
prostate cells onto a defective cell cycle. Cancer Res 52:4313 

11. Connors NM, Huffman LJ, Michalkiewcz M, Chang DSH, 
Dey R, Hedge GA (1991) Thyroid vascular conductance: dif- 
ferential effects of elevated plasma thyrotropin (TSH) induced 
by treatment with thioamides or TSH-releasing hormone. 
Endocrinology 129:117 

12. Daehlin L, Damber JE, Selstam G, Bergman B (1985) Tes- 
tosterone-induced decrement of prostatic vascular resistance in 
rats is reversed by estrogens. Prostate 6:351 

13. Daehlin L, Damber JE (1986) Blood flow in the Dunning 
R3327H rat prostatic adenocarcinoma; effects of oestradiol 
and testosterone. Urol Res t4:113 

14. Damber J-E, Janson PO (1977) Methodological aspects of 
testicular blood flow measurements in rats. Acta Physiol Scand 
101:278 

15. Damber J-E, Janson P-O (1978) Testicular blood flow and 
testosterone concentrations in spermatic venous blood of an- 
aesthetized rats. J Reprod Fertil 52:265 

16. Damber JE, Maddocks S, Widmark A, Bergh A (1992) 
Testicular blood flow and vasomotion can be maintained by 
testosterone in Leydig cell-depleted rats. Int J Androl 15:385 

17. Dunning W (1963) Prostate cancer in the rat. Biology of the 
prostate and related tissues. National Cancer Institute, 
Bethesda, p 351 

18. Einer-Jensen N (1976) Endometrial blood flow in rats. 
Hormone Res 7:49 

19. English HF, Drago JR, Santen RJ (1985) Cellullar response to 
androgen depletion and repletion in the rat ventral prostate: 
autoradiography and morphometric analysis. Prostate 7:41 

20. English HF, Kyprianou N, Isaacs JT (1989) Relationship be- 
tween DNA fragmentation and apoptosis in the programmed 
cell death in the rat ventral prostate following castration. 
Prostate 15:233 

21. Jonsson O, Widmark A, Grankvist K, Damber JE, Henriksson 
R (1992) Effects of clonidine-induced hypotension and dopa- 
mine-induced hypertension on blood flows in prostatic ade- 
nocarcinoma (Dunning R3327) and normal tissues. Prostate 
20:225 

22. Kihara S, Shiraisji T, Nakagawa S, Toda K, Tabuchi K (1994) 
Visualization of DNA double strand breaks in the gerbil 
hippocampalCA1 following transient ischemia. Neurosci Lett 
175:133 

23. Landstrom M, Bergh A, Tomic R, Damber JE (1990) Estrogen 
treatment combined with castration inhibits tumor growth 
more effectively than castration alone in the Dunning R3327 
rat prostatic adenocarcinoma. Prostate 17:57 

24. Langenstroer P, Tang R, Shapiro E, Divish B, Opgenorth T, 
Lepor H (1993) Endothelin-1 in the human prostate: tissue 
levels, source of production and isometric tension studies. 
J Urol 49:495 

25. MacManus JP, Buchan AM, Hill IE, RasQuinha I, Preston E 
(1993) Global ischemia can cause DNA fragmentation indi- 
cative of apoptosis in rat brain. Neurosci Lett 164:89 

26. Marshall S, Narayan P (1993) Treatment of prostatic bleeding: 
suppression of angiogenesis by androgen deprivation. J Urol 
149:1553 

27. Martikainen P, Isaacs JT (1990) An organ culture for the study 
of programmed celt death in the rat ventral prostate. Endo- 
crinology 127:1268 

28. Prins GS (1989) Differential expression of androgen receptors 
in the separate rat prostate lobes: androgen independent 
expression in the lateral lobe. J Steroid Biochem 33:3t9 



314 

29. Prins GS, Birch L, Greene GL (1991) Androgen receptor 
localization in different cell types of the adult rat prostate. 
Endocrinology 129:3187 

30. Prins GS, Cooke PS, Birch L, Donjacour AA, Yatcinkaya TM, 
Siiteri PK, Cunha GR (1992) Androgen receptor expression 
and 5 alpha-reductase activity along the proximal-distal axis of 
the rat prostatic duct. Endocrinology 130:3066 

31. Rosenbaum DM, Michaelson M, Batter DK, Doshi P, Kessler 
JA (1994) Evidence for hypoxia-induced, programmed cell 
death of cultured neurons. Ann Neurol 36:864 

32. Rudolf AM, Heymann MA (1967) The circulation of the fetus 
in vivo. Circ Res 21:163 

33. Schumer M, Colombel MC, Sawczuk IS, Gobe G, Connor J, 
O'Toole KM, Olsson CA, Wise GJ, Buttyan R (1992) Mor- 
phologic, biochemical, and molecular evidence of apoptosis 
during the reperfusion phase after brief period of renal 
ischemia. Am J Pathol 140:831 

34. Selstam G, Damber JE (1983) Measurement of blood flow to 
the ventral prostate in the rat with radioactive microspheres: 
effects of estradiol-17 beta and human chorionic gonadotro- 
phin. Acta Physiol Scand 119:209 

35. Soloff BL, Nagle WA, Moss AJJ, Henle KJ, Crawford JT 
(1987) Apoptosis induced by cold shock in vitro is dependent 
on cell growth phase. Biochem Biophys Res Commun 145:876 

36. Spaziani E, Suddick RP (1967) Hexose transport and blood 
flow in the uterus: effects of estradiol, puromycin and actino- 
mycin D. Endocrinology 81:205 

37. Tabibzadeh S, Zupi E, Babaknia A, giu R, Marconi D, Ro- 
martini C (1995) Site and menstrual cycle-dependent expres- 
sion of proteins of the tumour necrosis factor (TNF) receptor 
family, and BCL-2 oncoprotein and phase-specific production 
of TNF alpha in human endometrium. Hum Reprod 10:277 

38. Taylor CR, Shi SR, Chaiwun B, Young L, hnam SA, Cote RJ 
(1994) Strategies for improving the immunohistochemical 
staining of various intranuclear prognostic markers in forma- 
lin-paraffin sections: androgen receptor, estrogen receptor, 
progesterone receptor, p53 protein, proliferating cell nuclear 
antigen, and Ki-67. Hum Pathol 25:263 

39. Tenniswood MP, Guenette RS, Lakins J, Mooibroek M, 
Wong P, Welsh J-E (1992) Active cell death in hormone- 
dependent tissues, Cancer Metastasis Rev 11:197 

40. Varga B, Horvath E, Folly G, Stark E (1985) Study of 
luteinizing hormone-induced increase of ovarian blood flow 
during the estrous cycle in the rat. Biol Reprod 32:480 

41. Vukanovic J, Isaacs JT (1995) Human prostatic cancer cells 
are sensitive to programmed (apoptotic) cell death induced by 
the antiangiogenic agent linomide. Cancer Res 55:3517 

42. Weiner Z, Thaler I, Levron J, Lewit N, Itskovitz Eldor J (1993) 
Assessment of ovarian and uterine blood flow by transvaginal 
color Doppler in ovarian-stimulated women: correlation with 
the number of follicles and steroid hormone levels. Fertil Steril 
59:743 

43. Westin P, Bergh A, Damber JE (1993) Castration rapidly re- 
sults in a major reduction in epithelial cell numbers in the rat 
prostate, but not in the highly differentiated Dunning R3327 
prostatic adenocarcinoma. Prostate 22:65 

44. Widmark A, Damber JE, Bergh A (1989) High and low doses 
of luteinizing hormone induce different changes in testicular 
blood flow. Acta Endocrinol (Copenh) 121:621 

45. Widmark A, Damber JE, Bergh A (1991) Arginine-vasopressin 
induced changes in testicular blood flow. Int J Androl 14:58 

46. Yao K-S, Clayton M, O'Dwyer PJ (1995) Apoptosis in human 
adenocarcinoma HT29 cells induced by exposure to hypoxia. 
J Natl Cancer Inst 87:117 


