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Summary. High concentrations of polyamines have 
been found in the normal human prostate. The 
profile of these amines appeared significantly 
changed in benign hypertrophy of the prostate. 
An increase of spermine and a fall of putrescine 
were always found in patients with a hypertro- 
phied prostate weighing more than 30 g. Altera- 
tions of plasmin in these tissues seemed to re- 
flect changes in the matrix; abnormalities of 
thyroid and pancreatic function documented by 
changes in the serum levels of TSH and c-pep- 
tide which are thought to be further evidence of a 
mesenchymal-epithelial interaction in the patho- 
genesis of benign prostate hypertrophy. 
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INT RODUCTION 

The aetiology of benign prostatic hypertrophy 
(BPH) and its evolution remain unsettled despite 
the abundance of previous research (1, 2, 3). 

Endocrine inbalances, such as changes in 
androgens, oestrogens (4, 5) and testosterone 
binding globulin (6), with ageing do not occur at 
the same time as the appearance of nodules in 
the transitional zone of the prostate (7). 

In most men under the age of 70 nodules 
develop, but the main cause of prostatic enlarge- 
ment seems to be a diffuse growth of the transi- 
tion zone. Further development is dominated 
by massive enlargement and glandular prolifera- 
tion (7). All studies appear to accept a stimulated 
growth of these prostatic nodules due to either 
a hormonal influence or by some hurnoral inducing 
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agents from the stroma (8); degradation and phago- 
eytosis are completely disregarded. 

It is the purpose of this investigation to analyse 
growth rate and enzymatic activity of cells in 
normal and benign hyperplasia of the prostate 
by two different approaches, the polyamine assay 
and histochemistry of tissue samples. 

Polyamines are low molecular weight com- 
pounds that specifically regulate DNA replication 
(9) and the content of ribosomal RNA (I0) and 
are found in abundance in the prostate (ii). 

Prostatic acid phosphatase, leucine amino- 
peptidase, mitochondrial succinate dehydrogenase 
and plasmin were measured for evidence of as- 
sociated pathological findings in BHP. 

It has been observed that maturity onset 
diabetes occurs more frequently in patients with 
BHP than in age-matched control groups (12, 13, 
14). Hypothyroidism, another endocrine pathology, 
has a high incidence in elderly patients (15). 
Thus, it was also of interest to study by radio- 
immunassay c-peptide, (an equimolar split prod- 
uct of proinsulin) TSH, T 3 and T 4. 

MATEBIAL AND METHODS 

Normal prostatic tissue was obtained from kidney 
donors (n = 2) and from young males (n = 3) after 
accidental death. Tissue was stored at -30oc. 
Prostatic tissue exhibiting benign hypertrophy 
(n = 23), established histologically, was obtained 
from open prostatectomy and frozen after opera- 
tion at -30oc. The gland weight ranged from 
35-150 g. 

Tissue Preparation 

Tissues were homogenised in 4 volumes of cold 
10% TCA and centrifuged at 50,000 x g for 20 min. 
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The  s u p e r n a t a n t  was  d i lu t ed  1:20 so that  p o l y a m i n e  
c o n c e n t r a t i o n s  w e r e  c lose  to 200 p m o l e s / 2 0  ~1. 
S t a n d a r d s  of 200 p m o l e s / 2 0  ~1 of e a c h  a m i n e  w e r e  
r u n  r o u t i n e l y ,  and t r a c e  a m o u n t s  of (14C) po l y -  
a m i n e s  w e r e  added to a s s e s s  r e c o v e r y  r a t e s .  
R e c o v e r y  r a t e s  w e r e  c o n s i s t e n t l y  100%. 

Analysis Procedure for Polyamines 

A n a l y s e r :  A D u r r u m  D - 5 0 0  a m i n o  ac id  a n a l y s e r  
( D u r r u m  I n s t r u m e n t  C o r p . ,  Sunnyva l e ,  CA) 
equ ipped  wi th  a f l u o r e s c e n c e  d e t e c t o r  a s s e m b l y  
wi th  a 2 - m m  p a t h - l e n g t h  flow ce l l  was  used  for  
p o t y a m i n e  a n a l y s i s .  Al l  s a m p l e  f u n c t i o n s ,  i n -  
c l u d i n g  i n j e c t i o n  and peak  a r e a  a n a l y s i s ,  w e r e  
done by a P D P  8 / M  c o m p u t e r .  As m a n y  as  80 
s a m p l e  c a r t r i d g e s  could be loaded  for  a u t o m a t i c  
a n a l y s i s  and i n j e c t i o n .  Res in ,  b u f f e r s ,  f l u o r e s -  
cen t  r e a g e n t  and e l u t i o n  p r o g r a m m e  have  b e e n  
d e s c r i b e d  e l s e w h e r e  (16, 17). 

H i s t o l o g i c a l  T e c h n i q u e s  

I m m e d i a t e l y  a f t e r  s u r g e r y  the t i s s u e  s a m p l e s  
of b e n i g n  h y p e r p l a s i a  of the p r o s t a t e  and of a n a -  
p l a s t i c  c a r c i n o m a  w e r e  f r o z e n  in  c a r b o n  d iox ide  
at  - 7 6 ° C  and s t o r e d .  C r y o s t a t e  s e c t i o n s  of 1 0 u m  
w e r e  p r e p a r e d  and i n c u b a t e d  in  m i x t u r e s  for  PAP ,  
L A P  and SDH (18, 19, 20). P l a s m i n w a s  s t a i n e d  
a f t e r  i n c u b a t i o n  in  b e n z o y l a r g i n i n e - n i t r a n i l i d e  
and p o l y m e r i s a t i o n  of m e t a c r y l a t e  (21). 

Radioimmunassay Procedures 

Venous  blood s a m p l e s  w e r e  co l l e c t ed  b e f o r e  i n -  
g e s t i o n  of food. Blood was  d e f i b r i n i s e d  by g l a s s  
b e a d s ,  s p u n  down at 500 r p m  and the s u p e r n a t a n t  
was  s t o r e d  at - 3 0 o c  u n t i l  a s s a y e d  by a doub le  
a n t i b o d y  t e c h n i q u e  ( B y k M a l l i n c k r o d t ,  D i e t z e n b a c h ,  
W e s t - G e r m a n y ) .  In 5 - c e l l s  of the p a n c r e a s  the 
s p l i t t i n g  of p r o - i n s u l i n  by p r o t e o l y t i c  e n z y m e s  
y i e l d s  c - p e p t i d e  and i n s u l i n .  Though  the b i o l o g i c a l  
f u n c t i o n  of c - p e p t i d e  is  unknown,  it i s  p o s s i b l e  
to m e a s u r e  the s e c r e t o r y  r a t e  of i n s u l i n  by d e t e r -  
m i n a t i o n  of the s e r u m  l e v e l  of c - p e p t i d e .  Y a n a i -  
h a r a  s u c c e e d e d  in  s y n t h e s i s i n g  a pep t ide  wh ich  
was  i d e n t i c a l  to h u m a n  c - p e p t i d e  (22). A n t i b o d y  
c r o s s  r e a c t e d  i m m u n o l o g i c a l l y  n e i t h e r  wi th  p o r -  
c ine  n o r  b o v i n e  c - p e p t i d e  n o r  wi th  h u m a n  i n s u l i n .  

The  i n t r a - a s s a y  v a r i a t i o n  c o e f f i c i e n t  fo r  TSH 
was 5.5%, for  T 3 was 6%, fo r  T 4 was 4 .3% and 
for  c - p e p t i d e  was  5%. The  i n t e r - a s s a y  v a r i a t i o n  
c o e f f i c i e n t  for  TSH was  14%, for  T 3 was  14. 6%. 
fo r  T 4 was 5.2% and for  c - p e p t i d e  was 12%. 

C o n t r o l  Group  and S t a t i s t i c a l  A n a l y s i s  

Age matched control groups for patients with BPH 
are difficult to establish. Tissue specimens of the 

p r o s t a t i c  c a p s u l e  of e l d e r l y  p a t i e n t s  a r e  not  s a t i s -  
f a c t o r y  n o r m a l  t i s s u e  c o n t r o l s .  T h u s ,  we dec ided  
to take  n o r m a l  p r o s t a t e  f r o m  k idney  d o n o r s ,  a l -  
though these  p a t i e n t s  w e r e  not c o m p a r a b l e  in  
r e s p e c t  of age and h o r m o n a l  s i t u a t i o n .  

S e r u m  l e v e l s  of c - p e p t i d e ,  TSH, T3 and T 4 
in  p a t i e n t s  wi th  B P H  w e r e  c o m p a r e d  to p a t i e n t s  
of the s a m e  age but wi thou t  c l i n i c a l  s i g n s  of B P H  
( s p i n c t e r - c o l l i c u l u s  d i s t a n c e  l e s s  than  2 .0  cm).  

The  r e s u l t s  w e r e  a n a l y s e d  by p a i r e d  and u n -  
p a i r e d  t - t e s t s ,  c o e f f i c i e n t  of c o r r e l a t i o n  and 
s p e a r m a n  r .  

R E S U L T S  

Polyamine Concentrations in Normal and Hyper- 
plastic Prostate 

Normal human prostate had high concentrations 
of putrescine and spermine with intermediate 
spermidine concentrations (Table I). In patients 
with BPH there was a significant increase of 
s p e r m i n e  (p = 0 .01) .  

A l though  not  h igh ly  s i g n i f i c a n t ,  s p e r m i d i n e  
c o n c e n t r a t i o n s  w e r e  s l i g h t l y  e l e v a t e d  w h e r e a s  
the c on t e n t  o f p u t r e s c i n e  was  d e c r e a s e d  (p-~ 
0 .05)  (Table  1). 

The  g rowth  r a t e  of t i s s u e s  can  be c a l c u l a t e d  
by m e a n s  of p lo t t i ng  p u t r e s c i n e  l e v e l s  v e r s u s  
s p e r m i d i n e / s p e r m i n e  l e v e l s .  In 62% of a l l  c a s e s  
i n v e s t i g a t e d  the g rowth  r a t e  of h y p e r p l a s t i c  
p r o s t a t e s  a p p e a r e d  c l e a r l y  r e d u c e d  in  c o m p a r i s o n  
to n o r m a l  p r o s t a t e  f r o m  k idney  d o n o r s  (Fig.  1). 
No r e l a t i o n  to age was p r o v e d .  

Histochemistry of PAP, LAP, SDH and Plasmin 
in Normal and Hyperplastic Prostate 

PAP is present in large amounts in the glandular 
component of both normal and hyperplastic 

T a b l e  1. P o l y a m i n e s  in  h y p e r p l a s t i c  t i s s u e  s p e c i -  
m e n  of p r o s t a t e  a r e  shown  to have s i g n i f i c a n t  
d i f f e r e n c e s  in  the c on t e n t  of s ~ e r m i n e  (p = 0 .01 ) .  
The  l e v e l  of D u t r e s c i n e  is  d i s t i n c t l y  r e d u c e d  by 
h y p e r p l a s i a  of the p r o s t a t e ,  w h e r e a s  s p e r m i d i n e  
is  b i D h a s i c a l l y  m o d u l a t e d  

P o l y a m i n e s  in  P r o s t a t e  

N o r m a l  B PH 
n m o l e s /  n m o l e s /  
m g  p r o t e i n  m g  p r o t e i n  

P u t r e s c i n e  1 0 + 3 . 5  7. 1 

S p e r m i d i n e  4 . 3 + 0 . 8  5 .3  
2 .7  

S p e r m i n e  27+5. 1 3 3 . 0  

95% 

43% t 
3o% 

87% t 
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Fig. I. ]By plotting putreseine versus spermidine/ 
spermine information about the growth rate can be 
obtained. This rate appears to be clearly lowered 
in patients with BPH 

p r o s t a t e s  (F igs .  2, 3). No change  in  a c t i v i t y  
a p p e a r e d  in  e p i t h e l i a l  c e l l s  of B P H  when  c o m -  
p a r e d  to n o r m a l  p r o s t a t i c  c e l l s .  
L e u c i n e -  a m i n o p e p t i d a s e  was no t  s i g n i f i c a n t l y  
changed  in  h y p e r p l a s t i e  o r  h y p e r t r o p h i e d  ce l l s  
and showed no  d i f f e r e n c e  to n o r m a l  p r o s t a t i c  
c e l l s  (F igs .  4, 5). By m e a n s  o f a h i s t o c h e m i c a l  
t e c h n i q u e  SDH was de t ec t ed  in  s i m i l a r  c o n c e n -  
t r a t i o n s  in  e p i t h e l i a l  c e l l s  of n o r m a l  and h y p e r -  
p l a s t i c  p r o s t a t e s  and to a l e s s e r  ex ten t  in  the 
c o n n e c t i v e  t i s s u e  of B P H  (F igs .  6, 7). 

A f t e r  i n c u b a t i o n  wi th  a s y n t h e t i c  d ipep t ide ,  
p l a s m i n  a c t i v i t y  could be m e a s u r e d .  The  e n -  
z y m a t i c  a c t i v i t y  was  m a i n l y  d e m o n s t r a t e d  in 
the m a t r i x  c o m p o n e n t  of the p r o s t a t e  and a p p e a r -  
ed to be d i s t i n c t l y  l o w e r  in B P H  (F igs .  8, 9). 

Serum Level of C-Peptide, TSH, T3 and T 4 
in Patients with ]BPH and in an Age Matched 
Control Group 

Serum from 43 patients suffering from ]BPH 
was analysed for c-peptide, TSH, T 3 and T 4. 
The results were compared to the serum level 
in 46 patients of similar age. Elevated concen- 
trations of c-peptide were found in 20 patients 
(49%) whereas in the age matched control group 
(n = 46) an elevated serum level was found in 20%. 
Morning blood sugar values of all patients in- 
vestigated did not exceed 140 mg% and no pa- 
tients received antidiabetic drugs (Fig. I0). 

The concentration of serum TSH in patients 
with BPH was above normal (3 ~IU/ml) in 45% 
of all tested sera; the control groups were in 

the normal range (Fig. 10). Serum levels of T 
3 

and T 4 were not significantly changed and no 
correlation between TSH and T 3 or T4 could be 
established (Fig. Ii). 

DISCUSSION 

It is evident that there is a multifactorial patho- 
genesis of BPH and that pathological imprints 
ehange in the course of the disease. 

Our data suggest that polyamines accumulate 
above normal levels in BPH. The fact that 
polyamines are found in large amounts in cells, 
contrasting with only traces in blood and other 
body fluids, is sufficient evidence to attribute 
the increase of spermine in BPH to the glandu- 
lar component of the prostate. 

In the normal prostate there is a slow rate of 
DNA synthesis (23) but a higher rate in BPH. The 
enzymatic pattern of hyperplastic and hypertro- 
phied prostatic glandular cells did not seem to be 
affected by this. 

Generally, homeostatic control initiating DNA 
synthesis and cell proliferation and degradation 
prevents normal tissue from hyperplasia and neo- 
plasia. 

In BPH a dissociation of this mechanism may be 
present, suggested by the finding of stimulated 
DNA synthesis - as indicated by the increase of 
spermine - of reduced growth rate - as suggested 
by the lowered ratio of spermidine/spermine in 
comparison to intact prostate - and by altered 
tissue fibrinolysis, one factor of degradation - 
as measured by the histochemistry of plasmin. 

Common diseases in elderly patients, such as 
maturity-onset diabetes and hypothyroidism may 
be only incidentally related to BPH. To maintain 
prostatic cells in culture, however, adequate 
concentrations of insulin are necessary (24). A 
further functionally important role of insulin, T 3 
and T 4 (or indirectly of TSH) is to sustain metab- 
olism of connective tissues (25). In this study 
serum of patients with BPH has been shown to 
have an aberrant content of c-peptide and TSH 
suggesting a pre-diabetic state and compensated 
hypothyroidism. Changes in stromal metabolism 
are thought to precede BPH (8, 26) and this may 
be partially caused or aggravated by altered 
pancreatic and thyroid function. 

Though it is not possible to define exactly the 
stage of BPH the results presented here allow 
the following conclusion. Established BPH is 
reflected by a high content of spermine, a low 
ratio of spermidine/spermine and a decrease in 
plasmin, whereas in earlier stages of the disease 
changes in these factors are not so distinct. 

Alterations in the rate of secretion of insulin, 
TSH and testosterone are thought to have an in- 
fluence on benign enlargement of the prostate. 
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~Fig. 2. Prostatic acid phosphatase in normal tissue samples of the prostate is mainly present in the 
apical district of the epithelial cells. (Substrate: Na-napthylphosphate) (1150 x) 

Fig. 3. PAP in the glandular component of BPH in stained in similar pattern and it is supposed to have 
the same activity of PAP in comparison to normal prostatic tissues (860 x) 

Figs. 4, 5. Leucine aminooeptidase, a zinc dependent enzyme, can be easily shown by incubation of c- 
leucine 5-nanthylamid in both normal and hyperplastic tissues (1150 x, 860 x) 

Figs. 6, 7. SDH is found in mitochondrial matrix and associated to the citrate cycle. It can be demon- 
strated by histochemical means especially in the epithelial cells and to some extent in the stromal com- 
ponent of normal and hyperplastic prostate without difference (Substrate: succinate (cystalline)-dinatrium) 
(1250 x, 420 x) 

Figs. 8, 9. Plasrnin activity is evaluated by inhibition of a synthetic dipeptide (BAPA) and increasing con- 
centrations of plasmininhibitors (2]). The content of plasminin BHPis reduced and can be inhibited 
by antifibrinolytic agents which contrasts with the negative inhibition in normal tissues. Inhibited tissue 
specimen are detected by metachromasy (Fig. 9) (420 x, 420 x) 

I00~ 
O/o ! 

50 C/P 
TSH 

\ \ \ \ \ "  L ~  x\\\~ I x \ \ \ \ "  

BHP Control BHP Control 

Fig. I0. Serum level of c-peptide (an equimolar 
split product of proinsulin) and TSH are depicted 
in patients with BPH and an age matched control 
group. Elevated serum level of c-peptide suggest 
a prediabetie situation and appear to be more 
frequent in BPH. Serum level of TSH are signifi- 
cantly higher in patients with BPH than in a con- 
trol group (p = 0.0]) 
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Fig. ii. Increased serum levels of TSPI do not 
correlale with serum levels of T 3 and T4, sug- 
gesting compensated hypothyroidism in this group 
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