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Abstract:  The concentrations of noradrenaline (NA), adrenaline (ADR), dopamine (DOP), 

serotonin (5-HT), and the distribution and intensity of staining of nerves containing tyrosine 

hydroxylase (TH) and neuropeptide Y ( NPY)  have been studied in the prostate gland of 

control and streptozotocin (STZ) -diabetic rats.  The weight of the prostate of diabetic animals 

was uniformly less than that of age-matched controls. The immunohistochemical study of the 

axons in the prostate showed an increase in the density of TH and NPY axons after 12 weeks 

of STZ diabetes.  It is suggested that this is an indication of the presence of diabetic 

autonomic neuropathy, and that it may correspond to the retraction and regrowth of 

sympathetic nerve terminals.  We conclude that diabetic autonomic neuropathy can affect the 

prostate gland, and the presence of increased levels of amines and peptides may be of interest 

in relation to the pathogenesis of benign prostatic hyperplasia and the spread of prostatic 

carcinoma. 
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Introduction 

The primary objective of these experiments was to study the late changes in 

sympathetic nerves innervating the prostate gland following prolonged periods of 

hyperglycaemia in STZ-diabetic rats.  A previous study after 8 weeks of diabetes has 

shown significant changes in the weight of the prostate gland and of levels of 

noradrenaline and NPY[1].   This paper describes changes in noradrenaline, 

adrenaline, dopamine and serotonin concentration in the prostate of the 

streptozotocin (STZ) -diabetic rat over a time-course of 10 months of 

hyperglycaemia; the results are significant and may be relevant to the development of 

diabetic autonomic neuropathy in this organ, and the role of autonomic nerves in the 

normal and diseased prostate. There is a  positive relationship between diabetes and 

benign prostatic hyperplasia [2-5], and the catecholamines as well as neuropeptide Y 

(NPY),  found in autonomic nerves in this tissue, may influence prostatic tone or 

urethral pressure [6-7]. angiogenesis [8-11] and the development or spread of 

prostatic carcinoma [12-14]. The prostate gland of humans and animals receive a 

substantial sympathetic innervation [15] in addition to afferents and some 

parasympathetic efferents [16].  The sympathetic efferents travel through three main 

pathways involving neurones in the sympathetic chain, inferior mesenteric ganglia 

and the pelvic ganglia [16].   The sympathetic nerves are known to contract prostatic 

smooth muscle using alpha-1 adrenergic receptors [17-19].   The central control of 

these structures is mediated by spinal and supraspinal pathways similar to and  
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overlapping with those that regulate the activity of other pelvic viscera and male 

reproductive organs  [20-21], but when looked at in detail, it is clear that the 

pathways are distinct and separate [22]. 

The integrity of the peripheral sympathetic innervation of the prostate gland is 

believed to be maintained  by the presence of nerve growth factor (NGF) in the organ 

[23], and there is a relationship between the level of beta-NGF mRNA and the 

density of the sympathetic innervation [24-25].  In STZ-diabetes, the concentration 

of NGF in the prostate gland are decreased and it was of interest to see whether the 

level of noradrenaline and the density of NPY- and TH-containing axonal terminals 

[26], change as they do in some other tissues of diabetic animals [27-28].  It is 

believed that some of the late changes are associated with a neuropathy in which 

remodelling (nerve retraction and regrowth) may be present, and this may influence 

the efficacy of neurotransmission. 

Materials and Methods 
Measurement of amines and glucose :Experiments were performed on adult male 

Wistar rats which had been injected with STZ (60 mg/Kg) at ten weeks of age.  The 

tissues of these animals were compared with those from age-matched controls. The 

prostate gland was removed up to 42 weeks after the administration of STZ under 

pentobarbitone anaesthesia (60 mg/Kg) and blood glucose was estimated on samples 

of inferior vena caval blood at that time using the glucose oxidase method.  

Measurements of catecholamines were performed as described previously [27, 29- 

30].  All experiments were performed within the guidelines of the Animal Ethics 

Committee of the Faculty of Medicine and Health Sciences, United Arab Emirates 

University. 

Immunohistochemistry : Six rats that had had STZ-diabetes for 12 weeks and 6 age-

matched control rats were anaesthetised with ether and perfused with 4% 

paraldehyde.  The prostate gland was removed sectioned and immunostained  for TH 

and NPY as described previously [29-30].   

Results 
Blood Glucose:  The control blood glucose concentrations were in the range 53 to 70 

mg/dl (Mean 62 mg/dl) and the diabetic levels were 189 to 600 mg/dl (Mean 302 

mg/dl).  Age had no effect on blood glucose in the control group, but in the diabetic 

group there was a negative correlation between blood glucose and duration of 

diabetes that was statistically significant [30]. 

Effects of Age on amine concentrations in the prostate gland of control animals : We 

have previously reported that in some tissues the concentrations of noradrenaline and 

other amines changed with age.  In the present experiments noradrenaline 

concentration in the prostate fell slightly and significantly with age (P=0.036), as in 

the penis [30], but there were no significant trends with age for any of the other 

amines.  5-HIAA was not detected in any sample of the prostate gland, whether from 

control or from diabetic rats.   

EFFECTS of STZ-DIABETES 

Tissue Weight. : The weight of the diabetic prostate became significantly less than 

that of the control animals, soon after the animals became diabetic (Fig. 1), which, in 

these experiments, was at the age of 10 weeks.   The weight of the prostate gland of  
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Figure 2.: Light micrograph of prostate 

gland of STZ-treated diabetic (a and c), 

and age-matched normal (b, d) rats 

immunostained with antisera to tyrosine 

hydroxylase (TH) (a, b) and neuropeptide 

Y (NPY) (c, d). Note the greater density of 

nerve fibres and varicose terminals 

immunoreactive to both TH and NPY 

especially in the expanded interstitium 

(star) in the diabetic prostate (a, c) 

compared to that of normal (b, d) rats.  Bar 

=100 µm 

 

 

diabetic rats also remained significantly less than the controls throughout the period 

of the study,  

 

 

 

 

Amine concentrations: Figure 1 also shows that the concentration of noradrenaline in 

the prostate gland is not statistically different from control tissues during the first 12 

weeks of hyperglycaemia, but increases markedly by 19 weeks and remains 

significantly higher than the controls, despite the fact that there was no further 

change in the weight of the prostate.  The raised noradrenaline levels at this late stage 

of the diabetes are therefore not due to a sudden atrophy of the gland. Other amines 

also showed significant changes compared with the control tissues of the same age 

(see Table 1). During the period 19-42 weeks 

following the onset of hyperglycaemia, 

dopamine and serotonin concentrations 

increased significantly, while adrenaline 

concentrations decreased significantly.    

Immunohistochemical observations on 

tyrosine hydroxylase ands NPY and in the 

prostate gland: Immunohistochemistry 

revealed a dense layer of TH -immunoreactive 

thick and fine nerve fibres as well as varicose 

terminals around glandular elements of the 

prostate of both diabetic and normal rats.  This 

distribution was more extensive and denser in 

the 12-week STZ-diabetic rats. In addition, there 

appeared to be an increase in the interstitial 

tissue space of the diabetic gland with a dense 

layer of immunoreactive TH fibres. This was 

absent in the control gland (Figure 2 a, b).  

NPY-immunoreactive fibres also appeared to be  

 

Effects of STZ-diabetes on prostatic weight and [Noradrenaline]
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Figure 1.  The graph shows the changes in the weight and noradrenaline concentration in the prostate 

gland as a percentage of control values during the time course of STZ-diabetes.  Filled symbols indicate 

a statistical significance of p<0.05. 
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more dense and extensive in the diabetic than in the control rats (Figure 2 c, d) 

 

Table 1.  Concentrations of amines in the prostate of control and diabetic rats.  Data in pg/mg 

wet weight (mean+ SEM, Number of animals); P= statistical significance. 

The table shows that in the prostate gland, [NA] increases markedly and to highly significant 

levels statistically, particularly after 20 weeks of hyperglycaemia.  [ADR] falls and the 

changes are consistently statistically significant.  [SER] and [DOP] both increase and the P 

values are significant. 

 

 

 

Duration of Diabetes 

 19 weeks 34 weeks 42 weeks 

  
Noradrenaline pg/mg   

Control 511 + 25.2 (4) 504 + 11.5 (5) 449 + 36.5 (4) 

Diabetic 1535 + 48.1  (4) 713 + 35.7 (5) 1243 + 164.9 (6) 

P 5.66E-05 0.027 0.0053 

     

% Diabetic/Control 300 141 277 

        

  
Adrenaline pg/mg   

Control 529 + 42.4 (4) 498 + 14.6 (5) 247 + 35.4 (4) 

Diabetic 74 + 3.0 (4) 71 + 5.1 (5) 66 + 5.8 (6) 

P 0.005 2.07E-05 0.015 

     

% Diabetic/Control 14 14 27 

        

  
Dopamine pg/mg   

Control 465 + 42.1 (4) 403 + 12.5 (5) 315 + 19.4 (4) 

Diabetic 1416 + 169.0 (4) 603 + 40.3 (5) 541 + 21.8 (6) 

P 0.035 0.046 0.00005 

     

% Diabetic/Control 305 150 172 

 
Serotonin pg/mg   

Control 280 + 56.1 (4) 337 + 33.6 (5) 313 + 34.7 (4) 

Diabetic   825 + 154.1 (4) 518 + 38.6 (5) 654 + 40.0 (6) 

P 0.03 0.011 0.0002 

     

% Diabetic/Control 295 154 209 
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Discussion 

The present experiments indicate that STZ- diabetes has a profound effect on the 

weight of the rat prostate, and that there are late changes in the levels of increases in 

noradrenaline and NPY that may reflect neuronal retraction and remodelling as has 

been suggested in other urogenital organs [29-30].  It has been suggested that the 

reduction in organ weight may be related to changes in the secretion of  

gonadotrophins or gonadal hormones [31]; gonadal hormones are known to influence 

the development of noradrenergic and other autonomic nerves in the prostate [26, 32- 

33].    The development and remodelling of these nerves appears to depend on nerve 

growth factor (NGF) [24], and the level of NGF in the prostate is known to decrease 

in STZ-diabetes  [25, 34].      It is clear therefore that the neuropathic changes 

observed in this paper may be influenced by a number of different mechanisms, each 

of which may in turn be relevant to the development of prostatic tone, growth and 

angiogenesis. The neuropathic changes, together with the altered release of 

transmitters and neurotrophins could possibly influence the development of the 

prostate, the development of prostatic and urethral tone, the hyperplasia of the gland 

itself and the spread of prostatic carcinoma  [35-36]; however the effects of diabetes 

on the incidence on prostatic carcinoma  are conflicting [37-39]. Human and 

experimental diabetes is accompanied by changes in the autonomic innervation [40] 

of many organs [41-42], and the changes that have been observed in both include the 

presence of dilated axons, engorged nerve endings and other changes that are often 

described as degenerative in nature [43].   However there remains the possibility that 

the sympathetic nerves respond to axonal retraction by remodelling and regrowth, 

and some authors suggest that regeneration of unmyelinated axons occurs in diabetes 

[44].  It may be that the fine distribution of the innervation does not return to normal, 

but a change in the number   and   size   of   axons   may   be   accompanied  by a 

different distribution of terminals[45], which may have implications for the function 

of the target organs.   Such changes have been described recently in various organs 

subjected to STZ-induced prolonged hyperglycaemia [28, 29, 46]. In humans, the 

prostate gland receives a rich sympathetic innervation [15] which contains 

noradrenaline [7] and NPY [47]; in the cat and dog, these autonomic neurons arise 

from the inferior mesenteric ganglia, sympathetic chain ganglia, and pelvic plexus 

ganglia [16, 48].  Dopamine beta-hydroxylase was found in most of the neurons of 

the sympathetic chain and inferior mesenteric ganglion, mainly the former, but only 

in about 65-75% of pelvic ganglia neurons [16, 48].   In the mouse virtually all non-

cholinergic neurons in the pelvic ganglion are noradrenergic and contain NPY, and 

most innervate the smooth muscle of reproductive organs including the prostate 

gland [33]; in the monkey they also innervate the acini  [49].  In the rat however, 

there is evidence that an additional non-adrenergic (probably cholinergic) 

sympathetic supply targets the glandular tissue and enhances secretory outflow  

which is normally stimulated by the hypogastric sympathetic nerves [50-51].   

Stimulation of the sympathetic nerves to the prostate gland causes its smooth muscle 

to contract [18-19]  and the sympathetic tone to the gland is said to be the source of 

approximately half the resting urethral tone [6] in cases of human  benign prostatic  
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hypertrophy . The results presented here indicate that the concentration of 

noradrenaline increases in the prostate gland during the course of prolonged STZ-

induced hyperglycaemia.  This is in keeping with observations on other tissues, 

including the heart, tail artery and penis  [27-29, 46, 52], and the increased level of 

noradrenaline is often associated with an increased presence of TH- and NPY- 

containing nerve terminals.  TH is present in nerve fibres that are generally larger 

than normal and may have bulbous nerve endings; their density is also greater than in 

the controls (see Figure 2).   It is known that diabetes can reduce the levels of 

gonadotrophins [31] and therefore of testosterone, which influences the weight of 

reproductive organs and function of  some autonomic neurones.  Certain neurones in 

the pelvic ganglia are sensitive to testosterone [26, 32-33] and show morphological 

changes associated with the presence of this hormone.  It seems likely that some of 

the large rise in noradrenaline concentration observed in these tissues could be 

related to the failure of the organs to grow at the same rate as the controls.  However, 

there was still a substantial and statistically significant increase in the concentration 

of noradrenaline after corrections for the weight of the organs (of around 250%).  We 

cannot comment on the direct effects of changes in testosterone levels on the 

parameters measured in these experiments, but we do acknowledge a probable role 

for this mechanism in some of the neurones. 
 

Conclusions 

Changes in the concentration of catecholamines and the distribution of TH- and 

NPY- containing axons occur in the prostate gland of STZ-diabetic rats.  These 

changes are of interest because of the incidence of diabetes and prostatic disease in 

the general population, and evidence that amines and NPY have an influence on 

influence prostatic tone, urethral pressure, angiogenesis and the development or 

spread of prostatic carcinoma.    
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