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Summary. A stereological model which provides 
information on the structure of the normal dog 
prostate has been developed. The model consists 
of the morphologically defined space and mem- 
brane components which are used to describe 
the specific components of the protein and enzyme 
synthesising glandular cells. Comparisons of the 
dog, rat and normal human prostate in regard 
to quantitative light and electron microscopic 
analysis are presented. 

Key w o r d s :  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 ,  
S t e r o l o g i c a l  p r o c e d u r e .  

shou ld  be a good a n i m a l  m o d e l  for  s t u d y i n g  the 
p a t h o g e n e s i s  of b e n i g n  p r o s t a t i c  h y p e r p l a s i a  (10). 
A l though  a c o n s i d e r a b l e  a m o u n t  of b i o c h e m i c a l  
da t a  on the dog p r o s t a t e  is  a v a i l a b l e  (3, 4, 9), 
m o r p h o l o g i c a l  i n f o r m a t i o n  has  b e e n  r e s t r i c t e d  
m a i n l y  to s u b j e c t i v e  d e s c r i p t i v e  f i n d i n g s .  In 
r e c e n t  y e a r s  t h e r e  have  b e e n  a d v a n c e s  in  s t e r e o -  
l o g i c a l  m e t h o d s  w h i c h  have  m a d e  q u a n t i f i c a t i o n  
of m o r p h o l o g i c a l  f i n d i n g s  p o s s i b l e  (1, 8, 11). 
The  p u r p o s e  of th i s  p a p e r  is  to r e p o r t  the d e v e l -  
o p m e n t  of a m e t h o d  of a n a l y t i c a l  s t e r e o l o g i c a l  
a n a l y s i s  of the dog p r o s t a t e ,  i t s  g l a n d u l a r  c e l l s  
and i t s  c e l l  c o m p a r t m e n t s .  

A b b r e v i a t i o n s :  P = P r o s t a t e ,  IT = I n t e r a c i n a r  
(= s t r o m a l )  t i s s u e ,  A P  = A c i n a r  p a r e n c h y m a ,  
AL = A c i n a r  l u m i n a ,  A C  = A c i n a r  g l a n d u l a r  ce l l ,  
N = N u c l e u s ,  CYT = C y t o p l a s m ,  GS = Ground  
s u b s t a n c e ,  MI = M i t o c h o n d r i a ,  RE R = Rough 
e n d o p l a s m i c  r e t i c u l u m ,  GA = Golgi  a p p a r a t u s ,  
SG = S e c r e t o r y  g r a n u l e s ,  F = Fa t  d r o p l e t s ,  V V = 
Vo lume  d e n s i t y ,  PT  = T o t a l  n u m b e r  of Doings of 
the t e s t  s y s t e m ,  P = N u m b e r  of coun ted  po in t s ,  
m = Mean,  s . c .  = S t a n d a r d  e r r o r .  

MATERIAL AND METHODS 

A n i m a l s  

Five male adult, sex mature, 7-ii months old 
Beagle dogs (weighing 9600 + 1200 g) fed under 
rigorously standardised experimental conditions 
were used. The prostate was rapidly removed 
from the animal and weighed after the fat was 
carefully removed. Blocks were taken from 
the middle portion of the prostate and prepared 
for light and electron microscopy. 

INT RODUCT ION 

P r o s t a t i c  h y p e r p l a s i a  o c c u r s  c o m m o n l y  in  on ly  
2 s p e c i e s ,  m a n  and dog (6, 7). A l though  t h e r e  
a r e  h i s t o l o g i c a l  d i f f e r e n c e s  b e t w e e n  the two, the 
p r o s t a t i c  h y p e r p l a s i a  in  m a n  and dog have  m a n y  
f e a t u r e s  in  c o m m o n .  T h e r e f o r e ,  the dog p r o s t a t e  

~Supported by the Swiss  N a t i o n a l  Sc i ence  F o u n d a -  
t ion  (3. 722 .76)  S w i t z e r l a n d  and by the F o n d s  z u r  
F S r d e r u n g  d e r  w i s s e n s c h a f t l i c h e n  F o r s c h u n g  
(3278), A u s t r i a  

L igh t  M i c r o s c o p y  

The  b locks  ( taken in  the way  tha t  the b lock  r e p r e -  
s e n t s  a t r a n s v e r s e  s e c t i o n  of the whole  p r o s t a t e )  
w e r e  f ixed in  p h o s p h a t e - b u f f e r e d  f o r m a l i n  !pH 
7 . 4 )  and e m b e d d e d  in  p a r a f f i n .  

E l e c t r o n  M i c r o s c o p y  

T i s s u e  b l oc ks ,  0, 5 m m  on one s ide ,  w e r e  fixed 
in  1 .3% phospha t e  b u f f e r e d  o s m i u m  (340 m O s m )  
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at pH 7.4 for 2 h at 4°C. Tissue blocks were 
dehydrated in increasing alcohol concentrations 
and propylene oxide and embedded in Epon 812. 
Ultra-thin sections were cut with the Reichert 
ultramicrotome OMU 2 (interference colour: 
silver), After double staining with uranyl acetate 
and lead citrate they were examined with the 
Zeiss electron microscope EM 9A. 

ST EREOLOGICAL PROC ED URES 

Stereological data are expressed as densities 
which relate a volume, a surface or a number 
to a unit volume. These densities, which are 
relative measurements, refer as basic values 
primarily to a unit volume which corresponds to 
the test volume of the test lattice of I of the 4 
sampling levels. 

The following reference volumes were used: 
Prostatic tissue, glandular cell, glandular 
cell cytoplasm, glandular cell organelles. 

Volume densities were determined according 
to Weibel (Ii): 

P. 
I 

VVi - PT 

where i = the component under consideration, 
Pi = the number of test  points in the test 

sys tem associated with i and 
PT = the total number of points of the 

test system. 

Ste reological Methods 

The model for the dog prostate is outlined in 
Fig. I. It shows how the prostate (P) was divided 
into morphologically defined components which 
have been quantified by applying stereological 
methods. Essentially the model has 2 major 
divisions : 
- the interacinar (= stromal) tissue (IT), in- 
cluding connective tissue, blood vessels, nerves 
and smooth muscle cells and 
- the acinar parenchyma (AP), including the 
lumina of the acini (AL) and the glandular epi- 
thelial cells (AC). 

The latter were divided into the nuclei and 
the various cytoplasmic compartments. 

The stereological analysis was performed at 
4 magnification levels since the cellular compo- 
nents have a broad range of size and frequency: 
Level I: Primary magnification 1:150 

(light micros copy) 
Level II: Primary magnification 1:300 

(light microscopy) 
Level III: Primary magnification 1:1300 

(light microscopy) 
Level IV: Primary magnification 1:4100 

(electron micros copy) 

PROSTATIC GLAND I 

I I 
ACINAR PARENCNYMA (AP) I I INTERACINAR TISSUE (IT) ] 

I 
[ ACINAR LUMINA (AL) J 

GLANDULAR CELL (CELL) I 

I 
[ NUCLEUS (N) J 

CYTOPLASM (CYT) I 

I 
[ GROUND SUBSTANCE ¢GS) I 

ORGANELLES (ORG) J 

MITOCHONDRIA (MI) 

ROUGH ENDOPLASMIC RETICULUM (RER) 

GOLGI APPARATUS (GA) 

SECRETORY GRANULES (SG) 

LYSOSOMES (LY) 

FAT DROPLETS (F) 

Fig. I. Stereological model of the dog prostate 

Ste reological Calculations 

Level I and II (150 x, 300 x) 

Counted : 
Test points on: 

PIT (multipurpose lattice, PT 

PAc(mult ipurp°se  lattice, PT 

PAL(multipurpose lattice, PT 

Calculated : 

PP = PAC +PAL +PIT 

= i00, level I) 

= i00, level If) 

= i00, level III) 

PAP-- PAC +PAL 

Volume densities of AC (glandular cell), AL 
(acinar lumina) or IT (interacinar stromal 
tissue) in the reference space prostate (P) 
and acinar parenchyma (AP) respectively: 

PAL 
e.g. VVAL, p - pp 

PAC 
and VVAC, p - pp 

PAL 
and finally VVAL, AP : PAP 

PAC 

VVAC, AP = PAP 



Level  III (1300 x) 

Counted : 

PN 

PIT PT = 100 

PAL 

Calculated : 

PAC = PT - (PIT + PAL ) 

Volume density of nuclei (N) in the reference 
space "actnar eell" (AC): 

PN PiN 

VVN, AC - PAC - PT  - (PIT + PAL ) 

Level IV (4100 x) 

Counted : 
Coarse test points (PT = 121) 

PN + PIT + PAL" and PRER 

Fine test points (PT = 1089) 

PSG" PGA" PMI" PLY" PF" and PGS 

Calculated : 

PCYT = PT - (PN + PIT + PAL ) 
1 + + 

PCYT = PRER + 9 (.PsG +' PGA PMI PLY 

+ PF + PGS ) 
Since the ratio of fine to heavy test points 
equals 9:1, the number of points over the 
corresponding compartments has to be divided 
by 9. 
Volume of e.g. rough endoplasmic reticulum 
(P~ R) in cytoplasm (CYT) : 

PRER 
VVRER, CYT - PCYT 

PMI 
or VVMI, CYT - 9 

PCYT 
The test system applied to the 4 sampling 

levels were the following: 
Level I (150 x): Multipurpose test lattice 
Level II (300 x): (Weibel, 1969, PT = 100) 
Level Ill (1300 x): 
Level IV (4]00 x): Double square lattice system 

(Weibel, 1969, 1:9, 121:1089; 
where 1:9 signifies the ratio 
of coarse to fine points and 
121:1089 the number of coarse 
to fine points). 

Morphological Criteria 

The different tissue and cell compartments were 
evaluated with the light microscope or on elec- 
tron micrographs according to the following 
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conventions: The in te rae inar  (= s t romal)  t issue 
(IT) includes connective t issue,  collagen fibres,  
blood vessels ,  f ibrocytes ,  smooth muscle cells 
and nerves .  The acinar  parenchyma (AP) con- 
s is ts  mainly of glandular cells (Fig. 2). The 
aeinar  glandular cell is a tall  columnar cell. 
The basal  portion of the cell contains abundant 
rough surface endoplasmic ret iculum and the 
nucleus. The highly developed Golgi apparatus 
as well as the rough endoplasmic re t iculum are 
distr ibuted mostly in the supranuclear  region of 
the cytoplasm. Mitochondria, mul t ives icular  
bodies are distr ibuted throughout the cytoplasm. 
In the supranuclear  and apical region a great  
amount of s ec r e to ry  granules can be detected 
(Fig. 3). 

Sampling 

The different cellular components cannot be 
evaluated at a single stage of magnification due 
to the differences in shape, size and frequency 
of the cell organelles. Therefore, sampling was 
done at 4 magnification levels (multi-stage sam- 
pling) in order to establish an adequate relation- 
ship between the size of the components and the 
points of the test screen. 

Level I and II (150 x, 300 x) 

For the stereological measurements 3 paraffin- 
embedded HE-stained sections were selected from 
each dog prostatic gland specimen. For each 
section 20-50 randomised test areas were ana- 
lysed. 

Level III and IV (1300 x, 4100 x) 

At least 5 tissue blocks for each dog prostatic 
gland specimen were sectioned. The areas to be 
evaluated were selected according to systematic 
sampling procedures by photographing at level Ill 
and IV in regular steps in predetermined corners 
of the meshes of the supporting copper grid. A 
total of 40 micrographs for each dog was evaluated 
at level III and IV. 

Statistics 

Stereological calculations and statistics were per- 
formed on a Hewlett & Packard' 9815 A 001 micro- 
computer with a multipurpose programme 
(Schmassmann, 1979, unpublished). 

For each dog the mean (m), the median, mid- 
range, X rain., X max., the 95% limit of con- 
fidence, variance and the standard deviation 
(s. d. ) as well as the standard error (s. e. ) of 
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Fig. 2 Electron micrograph of glandular cells (x 1300) 

Fig. 3. Rough endoplasmic reticulum, Golgi apparatus, secretory granules, rnitochondria (x 4100) 
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CELL 
0,51 

AL 
0,24 

IT 
0,25 

Fig. 4 

GS 
0,598 

MI O,055 

RER 0,068 

GA 0,068 

SG 
0,200 

__r -  LY 0,003 
L-- F 0,005 

Fig. 5 

Fig. 4. Tissue components of the dog prostate 
expressed as percentage of the total prostatic 
gland volume 

MI 
0344 

RER 
0,169 

GA 
0369 

SG 
0,498 

Fig. 6 

Fig. 5. Volumes of the glandular cell compart- 
ments (cytoplasm, nucleus) expressed as a 

LY 0,007 
- - " - -  F 0,012 

percentage of the total glandular ceil cytoplasm 
volume 

Fig. 6, Volumes of the glandular cell organelles 
expressed as percentage of the total glandular 
cell cytoplasm volume 

t h e  m e a n  w e r e  c a l c u l a t e d  f o r  t h e  d i f f e r e n t  p a r a m e -  

t e r s .  
In  a s e c o n d  s t e p  t h e  a b o v e  m e n t i o n e d  s t a t i s t i c a l  

p a r a m e t e r s  w e r e  c a l c u l a t e d  f o r  t h e  w h o l e  g r o u p .  

volume of glandular cell; Table 3 is related to the 
unit volume of glandular cell cytoplasm, whereas 
Table 4 refers to the unit volume of glandular 
cell organelles. Mean (m) and standard error 
(s.c.) are indicated in Tables 1 to 4. 

R E S U L T S  

Data for the whole prostatic gland, the acinar 
parenchyma, the acinar glandular cell and its 
various compartments are given in Tables 1 to 4 
and Figs. 4 to 6. While in Table 1 the mean val- 
ues of the parameters of the prostatic gland com- 
partments are related to the unit volume of pros- 
tatic tissue (= I00%), Table 2 refers to the unit 

Prostatic Gland 

As shown in Fig. 4 and Table I, the acinar Dar- 
enchyma (defined as the sum of acinar lurnina 
and glandular cells) contributed 75% to the whole 
prostatic gland. Whereas the acinar lumina 
represented 24% of the whole dog prostate, the 
glandular cell volume was calculated as 51%. 

Table I. Values per unit volume of prostatic gland tissue 

Compartment Parameter Symbol Unit Mean s.e. 

em 3/cm 3 0.51 0.04 Glandular cells Volume VVA C 

A cinar lumina Volume VVA L cm 3/cm S 0.24 0.02 

3/cm 3 0.25 0.05 Inte racinar tissue Volume VVI T crn 

Table 2. Values per unit volume of prostatic glandular cell 

Compartment Parameter Symbol Unit Mean s.e. 

Cytoplasm Volume VVCYT cm 3/cm 3 0.8 1 0. II 

Nucleus Volume VVN cm3/cm 3 0. 19 0.05 
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T a b l e  3. V a l u e s  p e r  un i t  v o l u m e  of p r o s t a t i c  g l a n d u l a r  ce l l  c y t o p l a s m  

Compartment Parameter Symbol Unit Mean s.e. 

Ground substance Volume VVG S crn3/cm 3 0.59 0, 07 

Mitoehondria Volume VVM I cm3/cm 3 0.06 0.01 

Rough endoplasrnic Volume VVRER cm3/crn 3 0.07 0.01 
reticulurn 

3 
Golgi apparatus Volume VVG A cm /cm 3 0.07 0.02 

3 
Secretory granules Volume VVS G cm /cm 3 0.20 0. 10 

Lysosomes Volume VVL Y cm3/cm 3 0. 01 0. 001 

Table 4. Values per unit volume of prostatic glandular cell organelles 

Compartment Parameter Symbol Unit Mean s.e. 

Mitochondria Volume VVM I cm 3/cm 3 0. 16 0.03 

Rough endoplasmic Volume VVRER cm3/cm 3 0. 17 0.03 
reticulurn 

Golgi apparatus Volume VVG A cm3/cm 3 0.17 0.06 

cm3/cm 3 0.49 0.25 Secretory granules Volume VVS G 

Lysosomes Volume VVL Y cm 3/cm 3 0.01 0. 001 

The stromal tissue accounted for 25% of the whole 
gland volume. 

G l a n d u l a r  Cel l  

Fig. 5 and Table 2 show the percentage of cyto- 
plasm and cell nuclei per unit volume of prostatic 
tissue. Related to the unit volume of glandular 
cell, the cytoplasm contributed 81% and the 
nucleus 19%, 

Cell Compartments 

As shown  in  F ig .  6 and T a b l e  3, the rough  e n d o -  
p l a s m i c  r e t i c u l u m  as  w e l l  as the Golgi  a p p a r a t u s  
r e p r e s e n t e d  7% of the un i t  v o l u m e  of c y t o p l a s m .  
The  c o m p a r t m e n t  of s e c r e t o r y  g r a n u l e s  a m o u n t e d  
to a v o l u m e  d e n s i t y  of 20%, w h e r e a s  the v o l u m e  
d e n s i t y  of the m i t o c h o n d r i a  was  6%. The  v o l u m e  
d e n s i t y  of l y s o s o m e s  and fat d r o p l e t s  was  found 
to be l e s s  t han  1% of the c y t o p l a s m .  R e l a t e d  
to the un i t  v o l u m e  of g l a n d u l a r  c e l l  o r g a n e l l e s  
(F ig .  5 and T a b l e  4) the s e c r e t o r y  g r a n u l e s  
r e p r e s e n t e d  49% of the ce l l ,  the r ough  e n d o -  
p l a s m i c  r e t i c u l u m  r e p r e s e n t e d  17%. 

DISCUSSION 

Our data show that it is possible to apply the 
stereological procedures devised by Weibel (i i) 
and Rohr etal. (8) to determine quantitative 
morphological data of the whole prostatic gland, 
its glandular cells and its various compartments. 
A comparison of our data with the literature is 
not possible since there are no other quantitative 
data available for the dog prostatic gland. 

The light microscopic analysis shows clearly 
the glandular character of the dog prostate. The 
dog prostate (related to the unit volume of pros- 
tatic t i s s u e  = 100%) c o n s i s t s  of 75% a e i n a r  p a r -  
e n c h y m a .  A d i v i s i o n  of the a c i n i  in to  t h e i r  2 c o m -  
p a r t m e n t s  ( a c i n a r  l u m i n a  and g l a n d u l a r  c e l l s )  
i n d i c a t e s  tha t  the g l a n d u l a r  c e l l s  c o m p r i s e  m o r e  
t h a n  ha l f  the v o l u m e  (51%) of the whole  p r o s t a t e .  
In c o m p a r i n g  the l igh t  m i c r o s c o p i c  a n a l y s i s  of 
the r a t  v e n t r a l  p r o s t a t i c  lobe  wi th  tha t  of the dog 
p r o s t a t e ,  the v o l u m e  of g l a n d u l a r  c e l l s  in  the dog 
p r o s t a t e  is  twice  tha t  of the r a t  (1). In the n o r m a l  
h u m a n  p r o s t a t e  the v o l u m e  d e n s i t y  of the a e i n a r  
p a r e n c h y m a  (= g l a n d u l a r  pa r t )  was  c a l c u l a t e d  to 
be 55% in  the o u t e r  p a r t  and 48% in  the i n n e r  p a r t  
of the p r o s t a t e  (2). R e g a r d i n g  the s t r o m a l t i s s u e ,  
t h e r e  is  no d i f f e r e n c e  b e t w e e n  the dog and the 
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v e n t r a l  p r o s t a t i c  lobe of the ra t ,  but a s t r i k i n g  
d i f f e r e n c e  in the vo lume of the s t r o m a l  t i s s u e  in 
the n o r m a l  human p r o s t a t e  ( inner  p a r t :  55%, o u t e r  
p a r t :  45%) (2). 

The g r e a t  d e n s i t y  of the s e c r e t o r y  g r a n u l e s ,  
rough e n d o p l a s m i c  r e t i e u l u m  and the Golgi  ap-  
p a r a t u s  i n d i c a t e s  the ma in  funct ion of the g landu-  
l a r  ce l l :  p r o t e i n  and e n z y m e  s y n t h e s i s  and 
s e c r e t i o n .  In c o m p a r i n g  these  da ta  a g a i n  with 
the r a t  v e n t r a l  p r o s t a t i c  lobe and t~re human  p r o s -  
t a te ,  in the r a t  a h i g h e r  amount  and in the n o r m a l  
human  p r o s t a t e  a s m a l l e r  amount  of rough endo-  
p l a s m i c  r e t i c u l u m  can be shown. C o n v e r s e l y ,  the 
amoun t  of the s e c r e t o r y  g r a n u l e s  is  h i g h e r  in the 
dog than in the r a t .  The m o s t  s t r i k i n g  c h a r a c -  
t e r i s t i c  of the g l a n d u l a r  c e l l s  of the human  p r o s -  
ta te  is  the p r e s e n c e  of l a r g e  n u m b e r s  of s e c r e t o r y  
v a c u o l e s  which conta in  p o l y m o r p h i c  m a t e r i a l  
(42% of the whole c y t o p l a s m ) ;  c o n v e r s e l y  in the 
v e n t r a l  lobe of the r a t  p r o s t a t e  the vo lume of 
the s e c r e t o r y  d r o p l e t s  (counted t o g e t h e r  with the 
l y s o s o m e s )  is  low (3%). 

Def in ing  a r e l a t i o n s h i p  be tween  m o r p h o l o g i -  
ca l  and b i o c h e m i c a l  da t a  p e r m i t s  the d e t e r m i n a -  
t ion f r o m  in t ac t  t i s s u e  of r e l a t i v e  amount s  of in -  
d iv idua l  m e m b r a n e  s y s t e m s  wi th in  a to ta l  m e m -  
b rane  componen t  in a g iven h o m o g e n a t e .  F o r  
e x a m p l e ,  a m i c r o s o m a l  f r a c t i o n  of dog p r o s t a t e  
t i s s u e  conta in ing  rough  e n d o p l a s m i e  r e t i c u l u m  
and Golgi  a p p a r a t u s  in the n o r m a l  gland would 
be e x p e c t e d  to con ta in  a vo lume f r a c t i o n  of about  
50% rough e n d o p l a s m i c  r e t i c u l u m  and 50% Golgi  
a p p a r a t u s .  In ex tend ing  this  concept  u n d e r  some  
r e s t r i c t i o n s  quan t i t a t i ve  da ta  a l so  should be ob-  
ra ined  f r o m  h o m o g e n a t e s ;  thus a c o m p a r i s o n  of 
t he se  s t e r e o l o g i c a l  da ta  of the h o m o g e n a t e s  with 
the b i o c h e m i c a l  da ta  of the ce l l  f r a c t i o n s  should 
be possible 
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