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Summary. The stromal tissue of the prostate in 
normal castrated dogs and castrated and oestro- 
gen treated dogs were studied by quantitative 
morphological methods. Quantitative morphologi- 
cal (= stereological) procedures provide values 
of volume, surface and number of tissue and cell 
components. The stereological data show an ac- 
tivation of the smooth muscle cell of the stromal 
tissue in the oestrogen treated dog compared 
with the control-group; related to the unit volume 
of smooth muscle cell cytoplasm, a threefold in- 
crease of the endoplasrnic reticulum was observed 
in castrated and oesfrogen treated dogs. 

Key words :  Dog p r o s t a t e ,  S t e r e o l o g i c a l  a n a l y s i s ,  
E l e c t r o n  m i c r o s c o p y ,  O e s t r o g e n  effect .  

A b b r e v i a t i o n s :  SMC = Smoo th  m u s c l e  ce l l ,  N = 
N u c l e u s ,  EX = E x t r a c e l h l a r  s p a c e , ,  CYT = 
C y t o p l a s m ,  M F  = M y o f i l a m e n t s ,  R = R i b o s o m e s ,  
ER = E n d o p l a s m i c  r e t i c u h m ,  G = Golgi  a p p a r a t u s ,  
M = M i t o c h o n d r i a ,  VAC = V a c u o l e s ,  VES = 
V e s i c l e s ,  LY = L y s o s o m e s ,  V V = V o l u m e  d e n s i t y ,  
COMP = C e l l u l a r  c o m p a r t m e n t s .  

t i s s u e  p r e s e n t  was  d e m o n s t r a t e d  (3); u l t r a s t r u c -  
r u r a l  s t e r e o l o g i c a l  s t u d i e s  showed  an a c t i v a t i o n  
of the  s m o o t h  m u s c l e  c e l l s  i n  h u m a n  BP H  (3). 
The  p r e s e n t  s t u d y  was  u n d e r t a k e n  in  o r d e r  to 
p e r f o r m  an u l t r a s t r u c t u r a l  a n a l y s i s  of the s m o o t h  
m u s c l e  c e l l  of the  dog  p r o s t a t e  with r e s p e c t  to 
the  i n f l u e n c e  of c a s t r a t i o n ,  and c a s t r a t i o n  and 
17 B - o e s t r a d i o l  t r e a t m e n t  on s t r o m a l  g rowth .  

MATERIAL AND METHODS 

Fifteen Beagle dogs weighing 6800_+ 1400 g, 
(m + SD), maintained under standardised experi- 
mental conditions were studied (standard diet, 
water ad libitum, maintained in regular day and 
night rhythm). Five animals served as controls. 
Ten dogs were castrated and 5 of these animals 
were sacrificed at 3 weeks and the prostate 
removed. The other 5 castrated animals were 
treated twice a week with 2.5 mg oestradiol 
benzoate by intramuscular injection. After treat- 
ment for 3 weeks these animals, weighing 
Ii, I00"+1920 g (m-+SD), were sacrificed at the 
same time as the other I0 dogs (9 a. m. ). 

INT RODUCTION 

Benign prostatic hyperplasia (BPH) occurs com- 
monly in only 2 species, man and dog (13, 23). 
Although there are histological differences be- 
tween the two, they have many features in com- 
mon. In light and electron microscopic stereologi- 
cal studies of the normal human prostate and of 
human BPH an increase in the amount of stromal 
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E l e c t r g n  M i c r o s c o p y  

T i s s u e  b l o c k s  of 0 . 5  m m  w e r e  f ixed in  2% s o d i u m  
p h o s p h a t e  b u f f e r e d  g l u t a r a l d e h y d e  (pH 7 .3 ,  0 .1  M, 
440 m O s m )  fo r  4 h at 4 o c  and p o s t f i x e d  in  1.33% 
s - c o l l i d i n e  b u f f e r e d  o s m i u m  t e t r o x i d e  (pH 7 .4 ,  
580 m O s m ) .  The  s p e c i m e n s  w e r e  d e h y d r a t e d  in  
i n c r e a s i n g  a l c oho l  c o n c e n t r a t i o n s  and p r o p y l e n e  
oxide and  e m b e d d e d  in  Epon.  U l t r a t h i n  s e c t i o n s  
were  cu t  with the  R e i c h e r t  u l t r a m i c r o t o m e  OMU2 
( i n t e r f e r e n c e  c o l o u r :  s i l v e r ) .  A f t e r  doub le  s t a i n -  
ing  with u r a n y l - a c e t a t e  and l e a d  c i t r a t e  t hey  w e r e  
e x a m i n e d  with the  Z e i s s  e l e c t r o n  m i c r o s c o p e  
EM9A. 
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Stereologic.al  P r o c e d u r e  

The volume densities of the various subcellular 
organelles of the smooth muscle cell of the 
fibromuscular tissue were determined according 
to Weibel (24): 

P. 
1 

V. - (1) 
PT 

where i is the ce l l u la r  component under consid- 
erat ion, Pi  is the number of the test points in 
the t e s t  s y s t e m  a s soc i a t ed  with i and PT is the 
total  n u m b e r  of points  of the tes t  sy s t em.  

F o r  the s t e r e o l o g y  of the smooth  m u s c l e  cei l  
the r e f e r e n c e  s y s t e m s  ' s m o o t h  musc l e  ce l l '  and 
' s m o o t h  m u s c l e  cel l  c y t o p l a s m '  were  in t roduced,  

.Sampl.ing 

We adopted the following sampling criteria: we 
recorded micrographs in strips covering the en- 
tire smooth muscle cell at a primary magnifica- 
tion of 4100 x. The determination of a represen- 
tative sample size for the different parameters 
was performed by the approach proposed by 
Weibel (24). For each dog at least 3 tissue 
blocks containing stromal tissue were selected 
at random and processed for electron microscopy. 
From these blocks about i0 smooth muscle cells 
were recorded entirely in strips (Fig. I), giving 
a total  of 40 to 50 m i c r o g r a p h s .  Each group c o m -  
p r i s e d  3 dogs,  t h e r e f o r e  we ana lysed  at l eas t  
120 m i c r o g r a p h s  pe r  group.  

Tes t  Sys t em Used for  Counting Ce l lu la r  C o m -  
p'onents The double square  tes t  s y s t e m  was used 
(1:9, 121:1089, where 1:9 s igni f ies  the ra t io  of 
' h e a v y '  and ' f ine '  tes t  points ,  121:1089 s ignif ies  
the n u m b e r  of ' h e a v y '  to ' f ine '  t e s t  points) .  

Stereol0gical Calculations . 

The electron micrographs were evaluated at a 
p r imary  magnification of 4100 x as follows: 

PT = 121 (coarse lattice) PT = 1,089 (denselat- 
tiee) 

INuclei (IN) 
Extracellular space 

(EX) 
Myofilaments (MF) 

Mitochondria (M) 

Ribosomes (R) and 
rough endoplasmic 
reticulum (RER) 

Golgi apparatus (G) 

Vacuoles (VAC) and 
vesicles (VES) 

Lysosomes (LY) 

The following calculations were performed: 
The total number of test points over the smooth 
muscle cell (PsMc) can be expressed as follows: 

PSMC = PT - PEX = PCYT + PIN (2) 

The number of test points over all cell compart- 
ments: 

PCOMP = PM + PRER + PR + PG + PVAC + 

+ PVES + PLY (3) 

The points over the cytoplasm of the smooth 
muscle cell can be deduced from equation (I): 

PSMCYT = PT - (PEx + PIN ) (4) 

Fig. I. Sampling procedure for the smooth 
muscle cell 



Reference Space 

In order to relate the volume density of these 
various subcellular organelles of the smooth 
muscle cell, the primary volume densities (see 
stereological calculations) are converted into 
volume densities related to the reference system 
'smooth muscle cell' and 'smooth muscle cell 

cytoplasm'. 

Smooth muscle cell (SMC): 

PCOMP V V C O M P  VVCOMP 
PT-PEx VVSMC 1- VVE X 

= -VVCOMP, SMC (5) 

Smooth muscle cell cytoplasm (SMCYT): 

PCOMP VVCOMP 
PT- (PEx + PN ) VVSMCYT 

VCOMP 
1- (VvN +VvE X) = VVCOMP, SMCY T 

(6) 
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St ati stic s 

Stereologieal calculations and statistics were 
performed on a Hewlett and Packard 9815A 001 
microcomputer with a multipurpose programme 
(Schmassrnann 1979, unpublished). For each dog 
the mean (m), the median, midrange, x rain., 
x max., the 95% limit of confidence, variance 
and the standard deviation (SD) as well as the 
standard error (SE) of the mean were calculated 
for the different parameters. In a second step, 
the above mentioned statistical parameters were 
calculated for each group. 

The group means of the different parameters 
were compared with the Student's t-test if normal 
distribution could be shown, otherwise with the 
Mann-Whitney test. A significant difference was 
ascertained if P was < 0.05. Normal distribution 
was stated by the ratio R/SD whereas R is the 
range. 

RESULTS 

From the descriptive standpoint the smooth mus- 
cle cells are somewhat spindle shaped and con- 
tain an ellipsoid-like nucleus. Most of the or- 

Fig. 2. Electron micrograph of a smooth muscle cell of a normal dog; note the great amount of myo- 
filaments, beneath there are some profiles of rough endoplasrnic reticulurn and mitochondria. (Primary 
magnification: 4100 x) 
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Fig. 3. Electron micrograph of a 
smooth muscle cell of a castrated dog; 
except for some profiles of vacuoles 
and perinuclear situated rough endo- 
plasmic reticulum the cytoplasm is 
filled with myofilaments. (Primary 
magnification: 4100 x) 

ganelles are located adjacent to the nucleus or in 
small clusters at the cell periphery (Fig. 2). 
Myofilaments occupy the largest portion of the 
cytoplasm and run parallel to the long axis of the 
cell. In the regions in which organelles such as 
mifochondria, endoplasmic reficulum and Golgi 
apparatus are present, the ground substance is 
pale and free of myofilaments. The rough endo- 
plasmic reticulum consists of a few profiles of 
membranes with small numbers of attached 
ribosomes. Sometimes small Golgi apparatus 
and profiles of oval0id mifochondira can be ob- 
s erred. 

In the group of castrated dogs there was no 
difference in the ultrasfruetural findings (Fig. 3). 

Contrary to these findings in the castrated 
and oestrogen-freated dogs the perinuclear zone 
is markedly increased. The rough endoplasmic 
reticulum with enlarged cisternae, studded with 
ribosomes is well developed (Fig. 4). The Golgi 
apparatus shows an enlargement and contains 
more vesical than cisfernal elements. Many free 
ribosomes can be seen. 

,S t e reo log ic  al  Da ta  

Re l a t e d  to the unit  vo lume  of s m o o t h  m u s c l e  ce l l  
c y t o p l a s m  in the c o n t r o l  g roup  the vo lume f r a c -  
t ions  of the rough  e n d o p l a s m i c  r e t i c u l u m  have  
been  c a l c u l a t e d  to be 8% of the whole c y t o p l a s m  
( m i t o c h o n d r i a  2.7%, v a c u o l e s  and v e s i c l e s  1.2%). 
In the group  of c a s t r a t e d  dogs  no s t a t i s t i c a l l y  
s i g n i f i c a n t  i n c r e a s e  of the o r g a n e l l e s  could be ob-  
s e r v e d ;  h o w e v e r ,  t h e r e  was a s m a l l  i n c r e a s e  in 
the v o l u m e t r i c  amount  of m i t o c h o n d r i a  and rough  
e n d o p l a s m i c  r e t i c u l u m .  In the dogs  t r e a t e d  with 
o e s t r o g e n  t h e r e  was a s t a t i s t i c a l l y  s i gn i f i c an t  
i n c r e a s e  of the  vo lume f r a c t i o n  of e n d o p l a s m i c  
r e t i c u l u m  (26%), v a c u o l e s  and v e s i c l e s  (2%) 
(Table  1); in the c a s t r a t e d  o e s t r o g e n - t r e a t e d  
group  t h e r e  was a t h r e e f o l d  i n c r e a s e  in o r g a n e l l e s  
of the  s m o o t h  m u s c l e  ce l l  ( con t ro l s :  12%, c a s -  
t r a t e d  and o e s t r o g e n - t r e a t e d  group:  32%). 

DISC USSION 

The s t e r e o l o g i c a l  m e t h o d s  d e v i s e d  by W e i b e l  (24) 
and Rohr  et  al .  (16) m a k e  a s t e r e o l o g i c a l  a n a l y s i s  
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F ig .  4. E l e c t r o n  m i c r o g r a p h  of 
smoo th  m u s c l e  ce l l  of a c a s t r a t e d  
and o e s t r o g e n  t r e a t e d  dog; abundant  
rough e n d o p l a s m i c  r e t i c u l u m ,  Golgi  
a p p a r a t u s  and m i t o c h o n d r i a  a r e  
seen .  ( P r i m a r y  m a g n i f i c a t i o n :  
4100 x) 

of the  v a r i o u s  ce l l  c o m p a r t m e n t s  at  the u l t r a s t r u c -  
r u r a l  l e v e l  p o s s i b l e  and a l low a quan t i t a t i ve  c o m -  
p a r i s o n  be tween  t h e i r  s i z e s  in n o r m a l  and ex-  
p e r i m e n t a l l y  changed  t i s s u e .  S t e r e o l o g i c a l  a n a l y -  
s e s  of the  r a t  p r o s t a t i c  lobe  and of human  p r o s -  
t a t i c  t i s s u e  u n d e r  n o r m a l  and p a t h o l o g i c a l  cond i -  
t ions  have been  shown to be a s u c c e s s f u l  a p p r o a c h  
to  s tudy  p r o s t a t i c  funct ion and d i s e a s e  (2, 3, 4). 
Up to now, l i t t l e  i n f o r m a t i o n  on d e s c r i p t i v e  and 
quan t i t a t i ve  m o r p h o l o g i c a l  da t a  of the s t r o m a l  
t i s s u e  of the n o r m a l  and p a t h o l o g i c a l l y  a l t e r e d  
dog p r o s t a t i c  t i s s u e  i s  a v a i l a b l e .  

In a p r e v i o u s  s tudy  an a t t e m p t  was m a d e  to 
c h a r a c t e r i s e  the n o r m a l  human p r o s t a t e  and 
human  benign p r o s t a t i c  h y p e r p l a s i a  by  m e a n s  of 
d e s c r i p t i v e  and quan t i t a t fve  l igh t  and e l e c t r o n  
m i c r o s c o p y  (3). In benign  p r o s t a t i c  h y p e r p l a s i a  a 
high vo lume  d e n s i t y  of the s t r o m a l  t i s s u e  was 
d e m o n s t r a t e d .  61% of the t i s s u e  of benign  p r o s -  
t a t i c  h y p e r p l a s i a  was m a d e  up of s t r o m a l  t i s s u e  
inc lud ing  n e r v e s ,  v e s s e l s ,  l y m p h a t i c s ,  c o l l a g e n  
f i b r e s ,  f i b r o b l a s t s  and smoo th  m u s c l e  c e l l s .  

Glandular cells comprised only 12% of benign 
prostatic hyperplastic tissue. Comparing these 
data with the normal human prostate there was a 
significant increase of the stromal part in benign 
prostatic hyperplastic tissue. Comparing the 
stromal tissue of the normal human prostate and 
benign prostatic hyperplasia an activation of the 
smooth muscle cells of the stromal part in 
benign prostatic hyperplasia was shown. 

A consistent action of oestrogen in the male 
accessory sex organs is the induction of fibro- 
muscular growth (12). It was shown that oestro- 
gens in small dosage in the dog can enhance di- 
hydrotestosterone or androstendione-induced 
glandular cell growth to a four and five-fold in- 
crease respectively (18). As stated by Mawhinney 
and Neubauer (1978) positive interactions of oes- 
trogens and androgens on the glandular part and 
oestrogen-induced fibromuscular tissue induction 
are responsible for keeping normal organ func- 
tion (12). However, it remains unanswered 
whether oestrogens or androgens have selective 
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Table I. Volume densities of the cellular compartments of the smooth 
muscle cell related to the unit volume of the smooth muscle cell cytoplasm 

P a r a m e t e r s  VVM V V E R +  R VVG VVVAC + VVVES 

0. 027 0. 080 0. 003 0. 012 
m e d i a n  0. 027 0. 078 0. 003 0. 012 

C o n t r o l  d o g s  X rnin .  0. 026 0. 077 0. 002 0. 009 
(n = 3) X m a x .  0. 027 0. 086 0. 003 0. 014 

S E  0. 003 0. 001 
R / S D  1. 732 1. 824 1. 732 1. 987 

O. 029 O. 095 O. 001 O. 040 
median O. 030 O. 101 O. 001 O. 040 

Castrated dogs X rain. O. 026 O. 071 O. 015 
(n = 3) X max. O. 032 O. 112 O. 003 O. 066 

S E  0. 002 0. 012 0. 001 0. 015 
R / S D  1. 964 1. 932 1. 964 2. 000 

m 0. 033 0. 258 0. 006 0. 018 
C a s t r a t e d  and m e d i a n  0. 031 0. 262 0. 005 0. 019 
o e s t r o g e n  X m i n .  0. 028 0. 201 0. 003 0. 014 
t r e a t e d  d o g s  X m a x .  0. 040 0. 311 0. 010 0. 020 
(n = 3) SE  0. 004 0. 032 0. 002 0. 002 

R / S D  1. 922 1. 996 1. 941 1. 867 

e r  a d d i t i v e  i n f l u e n c e s  on the  s t r o m a l  and g l a n d u l a r  
p a r t  r e s p e c t i v e l y ,  r e g a r d i n g  the  v a r i o u s  c e l l u l a r  
e l e m e n t s  of  bo th  p a r t s  of the  p r o s t a t e .  

G r o w t h  of  t he  f i b r o m u s c u l a r  t i s s u e  due  to  
o e s t r o g e n  a d m i n i s t r a t i o n  w a s  s h o w n  in n o n - h u m a n  
p r i m a t e s  (7, 25,  26) and in  t he  c a n i n e  p r o s t a t e  (8, 
27).  A s  s h o w n  on the  r a t  v e n t r a l  p r o s t a t i c  l o b e  
t h e  o e s t r o g e n - i n d u c e d  s t r o m a l  g r o w t h  i s  c a u s e d  
b y  an  i n c r e a s e d  n u m b e r  of c e l l s  (20). 

R o s s  and K l e b a n o f f  (19) d e m o n s t r a t e d  an a c -  
t i v a t i o n  of the  s m o o t h  m u s c l e  c e l l s  of  t he  u t e r u s  
of  t h e  p r e p u b e r a l  r a t  f o l l o w i n g  i n j e c t i o n  of  1 7 - ~ -  
o e s t r a d i o l .  In y o u n g  f e m a l e  v i r g i n  m i c e  t h e  i n -  
j e c t i o n  of  o e s t r o g e n s  f o r  3 d a y s  l e a d s  to  an i n -  
c r e a s e  of t he  c e l l  o r g a n e l l e s  in  t he  s m o o t h  m u s -  
c l e  c e l l s  of  t h e  u t e r u s .  T h e s e  f i n d i n g s  a r e  c o n -  
s i d e r e d  as  e v i d e n c e  of an i n c r e a s e d  s y n t h e t i c  
a c t i v i t y  of  t h e s e  c e l l s .  A u t o r a d i o g r a p h i c  e l e c -  
t r o n  m i c r o s c o p i c  t e c h n i q u e s  d e m o n s t r a t e d  t h a t  
t he  a c t i v a t e d  s m o o t h  m u s c l e  c e l l s  of the  u t e r u s  
i n c o r p o r a t e  r a d i o s u l p h a t e  and t r i t i a t e d  p r o l i n e  
(17). T h e s e  a u t o r a d i o g r a p h i c  f i n d i n g s  i n d i c a t e  
t h a t  u n d e r  c e r t a i n  e x p e r i m e n t a l  c o n d i t i o n s  t he  
s m o o t h  m u s c l e  c e l l s  c a n  p a r t i c i p a t e  in  s y n t h e s i s  
of g r o u n d  s u b s t a n c e  of c o n n e c t i v e  t i s s u e .  

T h e r e  i s  e v i d e n c e  t h a t  t h e  m a l e  a c c e s s o r y  
s e x  o r g a n s  of p r i m a t e s  and h u m a n s  c o n t a i n  h igh  
c o n c e n t r a t i o n s  of  e n d o g e n o u s  o e s t r o g e n s  and 
o e s t r o g e n  r e c e p t o r s  (1, 5, 9, 10, 11, 14, 15, 21, 
22); s i m i l a r l y  in  the  c a n i n e  p r o s t a t e  o e s t r o g e n  
r e c e p t o r s  w e r e  a n a l y s e d  (6, 14).  

U n f o r t u n a t e l y  up to  n o w  i t  h a s  n o t  b e e n  s h o w n  
w h e t h e r  t h e s e  e n d o g e n o u s  o e s t r o g e n s  o r  o e s t r o g e n  
r e c e p t o r s  a r e  s e l e c t e d  to  the  s t r o m a l  o r  to  t he  

glandular tissue of the prostate. In the guinea pig 
seminal vesicle, where the muscle can be effec- 
tively separated from the epithelium, androgen 
and oestrogen receptors are found in both cell 
types (12); in the glandular part androgen recep- 
tors predominate, whereas oestrogen receptors 
are more numerous in the muscular part (12). 

Our study shows a clear activation of the 
smooth muscle cells of the stromal part in the 
oestrogen-treated dog and we suggest that oes- 
trogens can induce an activation of the smooth 
muscle cell and overgrowth of stromal tissue. 

The stereological results were very similar 
to those obtained on the smooth muscle cells in 
human benign prostatic hyperplasia, showing 
smooth muscle cell activation. 

These results s~pport the suggestion that 
oestrogens play a role in the development of 
human BPH, which was shown to be primarily a 
strorn al disease. 
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