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ABSTRACT: Tissue norepinephrine (NE) content and quantitative morphometric anal- 
ysis of benign prostatic hyperplasia (BPH) were evaluated in 30 patients with symptomatic 
BPH. BPH specimens were obtained by transurethral resection, and NE content was eval- 
uated by high-performance liquid chromatography. The proportions of smooth muscle fi- 
brous, and glandular elements were determined by the light microscopic stereological 
method. Norepinephrine content of the prostate correlated well with the proportion of 
smooth muscle component (r = 0.749, P < 0.OOOl). The percentage of fibrous tissue element 
was positively correlated with prostate size (r = 0.459, P = 0.0099). Norepinephrine content 
and histological components did not correlate with subjective symptom score. Morphomet- 
rical findings and NE content did not correlate with uroflowmetry parameters and postvoid 
residual urine rate. In conclusion, NE content of the prostate was probably determined by 
the amount of smooth muscle element in BPH tissue. The fibrous tissue element was in- 
creased in large hyperplastic tissue. The severity of BPH could not be explained by differ- 
ences in histological composition alone. 
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INTRODUCTION 

It is well known that the severity of clinical symp- 
toms of benign prostatic hyperplasia (BPH) is not 
related to the size of hyperplastic prostate [l]. In- 
fravesical obstruction in symptomatic BPH appears to 
be composed of mechanic obstruction (static compo- 
nent) by the enlarging adenoma and the tone of the 
prostate smooth muscle (dynamic component) [2]. 
The pharmacologic properties [3-51 and efficacy of 
alpha-adrenergic blockers for the treatment of BPH 
[6-81 may indicate that the adrenergic nerves distrib- 
uting to the prostate play a sigruficant role in the 
development and maintenance of bladder outlet ob- 
struction. 

The histology of the normal and hyperplastic pros- 
tate can be morphologically divided into two major 
components. One is the stromal part and the other is 
the glandular portion. Stromal hyperplasia appears to 
consist of fibrous nodules and myomatous nodules. 
Quantitative morphological analysis of the various 

components in BPH has been reported by several 
authors [9-121. The increase in stromal tissue compo- 
nent was demonstrated in BPH compared with nor- 
mal prostatic tissue [9-121. Noradrenergic nerves are 
localized primarily within the stromal component of 
the prostatic hyperplasia [13], while adrenergic 
nerves were observed only sporadically in the nodule 
of the prostatic adenoma [13,14]. Therefore, it is nat- 
ural to think that the norepinephrine (NE) content of 
BPH tissue is probably influenced by histological dif- 
ferences, especially in the amount of smooth muscle 
elements of the evaluated specimen. 

Lepor et al. reported that there was an inverse cor- 
relation between the severity of prostatism and nor- 
epinephrine content [15]. The objective of the present 
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TABLE 1. Clinical Presentations of 30 Patients With 
Symptomatic Benign Prostatic Hypertrophy 

~~ ~ ~ ~ ~ 

TABLE II. Morphometric Analysis of Five Different 
Tissue Elements in Prostate of 30 Patients 

~______ ~ ~ 

Age (years) 71.4 * 0.9 (63-81) 

Symptom score (point) 20.9 t 1.2 (7-35) 
Prostatic size (g) 21.9 t 2.4 (5.0-49.0) 

Norepinephrine content 265.6 t 43.2 (17.1-886.0) 
(pg/mg wet tissue) 

Histological 
Tissue element composition (%) Range 

Smooth muscle 22.87 5 1.97 (5.63-45.79) 

Glandular lumina 7.22 2 1.03 (0.00-22.17) 

Fibrous tissue 50.60 2 1.46 (31.05-72.65) 
Glandular epithelium 12.70 * 1.35 (0.00-31.08) 

Vascular tissue 4.39 5 0.54 (0.88-10.54) 

study is to determine the correlation between histo- 
logical differences and NE content in detail. For this 
purpose, we investigated the tissue NE content in 
BPH obtained by transurethral prostatectomy (TUFW) 
and compared these data with quantitative morpho- 
metric analysis of BPH tissue. Furthermore, we eval- 
uated the possible correlation between morphometric 
data and age, prostatic weight, and severity of pros- 
tatism in patients with symptomatic BPH. 

MATERIALS AND METHODS 

Tissue specimens were obtained by transurethral 
resection of the prostate (TURP) from 30 patients with 
symptomatic BPH. These patients did not receive 
any treatment for symptomatic BPH before TURP. 
Preoperatively all patients were evaluated by deter- 
mining the American Urological Association (AUA) 
standarized symptom score questionnaire [16], uro- 
flowmetry, and measurement of prostatic weight by 
transabdominal ultrasonography [ 1 7 .  The mean age, 
standarized symptom score, and estimated volume of 
the prostate of 30 patients are presented in Table I. 
These patients underwent TURP under spinal anes- 
thesia. Prostatic specimens were obtained from the 
periurethral area of the prostates. Resected tissue was 
divided into two fragments macroscopically that were 
as equal as possible. One of these specimens (about 
50-100 mg) was frozen immediately to avoid degen- 
eration of cathecholamines and was stored in a -80°C 
deep freezer for NE assay, and another was used for 
morphometric analysis. The pathological diagnosis 
of these specimens was benign prostatic hyperplasia. 
The NE content of BPH tissue was estimated by 
high-performance liquid chromatography with elec- 
tron-chemical detection [18] and was expressed as pg/ 
mg-wet tissue. According to Lepor et al. electrical 
cautery by TURP does not influence the NE content 
in prostatic specimens [15]. Another fragment of a 
specimen was prepared in routine H&E stain for mor- 
phometric analysis, as described later. 

Morphometric evaluations were performed by 
light microscopic stereological analysis, as reported 

previously [9,10,19], at a magnhcation of 400 x . The 
volume fraction of the following tissue components 
was determined: (1) smooth muscle cell (SM), (2) fi- 
brous tissue (FT), (3) glandular epithelium (GE), (4) 
glandular lumina (GL), and (5) vascular tissue (VT). 
Instead of using the point counting method, the total 
area occupied by each of the five tissue categories was 
determined using a computerized morphometric 
analysis system (EM manual, Rise Corp., Sendai, Ja- 
pan) on a Macintosh LC 575 microcomputer. At least 
30 systematic test areas were analyzed for each tissue 
component in a specimen. Using the stereological 
principle, area distribution is proportional to volume 
distribution [9,10]. The volume percent of the respec- 
tive components was obtained by this method. 

All results are expressed as mean 4 SE. Statistics 
were performed by using the Statdview 4.0 program 
(Abacus Concept, Berkeley, CA). Correlation be- 
tween morphological data, clinical characteristics, 
and NE content were calculated by the least-squares 
method using the Pearson product moment correla- 
tion coefficient. P < 0.05 was considered as statisti- 
cally sigruficant. 

RESULTS 

Norepinephrine Content of BPH Tissue 

The average NE content in periurethral areas of the 
prostate in all cases was 265.6 2 43.2 pg/mg-wet tis- 
sue (Table I). This NE level was almost comparable 
with that reported by Lepor and associates measured 
by radioenzymatic assay [15]. 

Morphometric Analysis of BPH Tissue 

The proportions of various histological compo- 
nents evaluated by quantitative morphometric anal- 
ysis in 30 specimens are shown in Table 11. Fibrous 
tissue element occupied about 50% of hyperplastic 
prostate. The mean percentage of the stromal com- 
ponent (SM plus FT) was 73.5 * 1.9%, while that of 
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TABLE 111. Relationships Between Norepinephrine Content, Proportion of Histological Components, and 
Objective Parameters 

Norepinephrine content 

Paramater 
~~ 

r P value 

Maximum flow rate (dsec) 
Average flow rate (mllsec) 
Voided volume (ml) 
Voiding time (sec) 
Time to peak flow (sec) 
Acceleration of flow rate (&set?) 
Residual urine rate (%) 

0.331 0.134 
0.421 0.051 
0.289 0.194 

-0.261 0.244 
-0.125 0.585 

0.130 0.568 
-0.213 0.346 

Histological component 

Smooth muscle Fibrous tissue Glandular tissue 

r Pvalue r Pvalue r Pvalue 

0.221 0.327 -0.170 0.454 0.100 0.671 
0.283 0.221 -0.250 0.267 -0.123 0.590 
0.309 0.164 -0.332 0.133 -0.201 0.374 

-0.207 0.361 -0.011 0.960 0.138 0.544 
-0.011 0.961 -0.059 0.796 0.012 0.601 
-0.010 0.965 0.040 0.862 -0.098 0.667 
-0.183 0.420 -0.057 0.805 0.147 0.520 

r, Pearson correlation coefficient. 

the glandular component (GE plus GL) was 19.9 -+ 
2.0%. 

Correlation Between NE Content and 
Morphometric and Clinical Findings 

The relationships between NE content and mor- 
phometric data, such as age, prostatic weight, and 
severity of prostatism (clinical symptom score), were 
evaluated. Figure 1 shows the correlations between 
NE content and each tissue component. Norepineph- 
rine content indicated an apparent positive correla- 
tion with the proportion of the SM component. On 
the contrary, NE content showed a slight reverse cor- 
relation with the glandular epithelial component. As 
shown in Figure 2, there was no apparent correlation 
between NE content and age and symptom score, 
while NE content appeared to have a reverse corre- 
lation with the prostatic size. Norepinephrine content 
did not correlate with the parameters of preoperative 
uroflowmetry and the postvoid residual urine rate 
(%) (Table 111). 

Correlations Between Various Histological Com- 
positions and Clinical Findings The correlations 
between histological compositions and age, prostatic 
weight, and severity of prostatism were also investi- 
gated to determine the relationship between the mor- 
phological differences and clinical features. As shown 
in Figure 3, a proportion of the SM element was in- 
versely correlated with prostatic size. The age and 
severity of prostatism had no correlation with the 
amount of the SM element. The proportion of the FT 
component had no relationship to the age and symp- 
tom score, while prostatic size appeared to have a 
positive correlation with the FT element (Fig. 4). The 
glandular component (GE plus GL) showed no ap- 
parent correlations with clinical findings (Fig. 5). 

When the glandular component was divided into the 
GE and GL components, these two components also 
had no correlation with age, prostatic size, and symp- 
tom score (data not presented). Moreover, the per- 
centages of histological components were not related 
to the uroflowmetry parameters and the postvoid re- 
sidual urine rate (Table 111). The proportion of the 
stromal component (SM plus FT) and the stroma-to- 
epithelial ratio did not correlate with the clinical find- 
ings (Table IV). 

DISCUSSION 

There are several reports dealing with quantitative 
morphometric analysis of BPH based on the light and 
electron microscopic appearance [9-121. Shapiro 
pointed out the limitations of the light microscopic 
stereological method using the H & E stain in identi- 
fymg the smooth muscle components of prostatic tris- 
sue [ll]. However, the morphological composition of 
the present study was almost the same as their re- 
sults. Although the light microscopic method is time 
consuming, this method still appears to offer reliable 
information. The structural homogeneity within a 
given BPH tissue was demonstrated by quantitative 
analysis of tissue components in different sections of 
each specimen [12], while the heterogeneity of tissue 
composition was previously described by Price et al. 
in individual BPH specimens [20]. Costa et al. sug- 
gested prostate biopsy as a possible method to inves- 
tigate BPH morphology [12]. Therefore, morphomet- 
ric analysis by TURP specimen in this paper appears 
to be sufficient to determine the morphology of re- 
spective patients. 

The development of BPH is considered to be at- 
tributed to a benign proliferative process of the 
stromal and epithelial elements of the prostate. Ac- 
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Fig. 1. Correlation between norepinephrine (NE) content and proportion of smooth muscle cell 
component (A), fibrous tissue component (B). and glandular epithelium component (C). The Pear- 
son correlation coefficient (r) and P value for these correlations are indicated. 

A B C 

Fig. 2. 
symptom score (C). Explanations are the same as in Figure I.  

Relationship between norepinephrine content and age (A), prostatic weight (B), and 

cording to Lepor, the severity of bladder outflow ob- 
struction and the clinical efficacy of alpha, blockers in 
patients with symptomatic BPH are dependent upon 
the proportion of smooth muscle elements within re- 
spective BPH tissues [15]. Increased numbers of stro- 
ma1 elements have been described by Bartsch et al. as 
the most prominent differences between normal 
prostate and hyperplastic prostate (91. Noradrenergic 
nerves are localized primarily within the stromal 
component of BPH [13]. It is generally accepted that 
adrenergic neuronal density is generally reflected by 
NE levels [15]; therefore, NE levels should depend 
upon the proportion of the smooth muscle compo- 
nent in the tissue evaluated. In the present series, the 
NE content of BPH tissue showed an apparent posi- 
tive correlation with the proportion of smooth muscle 
elements in evaluated tissue. The present results 

clearly show that the prostate NE content was related 
to the amount of smooth muscle components. On the 
contrary, NE content appeared to show an inverse 
correlation with the proportion of the glandular com- 
ponent. This result may be due to the fact that an 
increase in the SM element may result in a relative 
decrease in the glandular and fibrous elements. 

Lepor et al. investigated NE levels in human pro- 
static hyperplasia. They reported that an inverse 
correlation was observed between the severity of 
prostatism and NE content [15]. Since adrenergic 
neuronal density is generally reflected by NE levels, 
they suggested that an inverse correlation between 
severity of prostatism and NE levels implied that rel- 
atively denervated prostate was associated with the 
severity of infravesical obstruction. They also sug- 
gested that low levels of NE may reflect increased 
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Residual urine rate (%) -0.079 0.736 0.066 0.781 

r, Pearson correlation coeffiaent. 
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Fig. 3. Correlation between percentage of smooth muscle component and clinical findings. Ex- 
planations of A-C and statistics are the same as in Figure 2. 

sympathetic activity since neurotransmitter is re- 
leased rather than stored. In the present study NE 
content did not correlate with subjective and objec- 
tive parameters of prostatism, although our speci- 
mens were limited to those obtained by TURP. 

According to Gup et al., the development of blad- 
der outlet obstruction was not associated with 
changes in the density or affinity of alpha,-adrenergic 
binding sites [21]. Based on these findings, it appears 
that the density of alpha-adrenergic nerves in BPH 
tissue does not play a direct role in the development 
of infravesical obstruction due to BPH. The tone of 
prostatic smooth muscle, the density of adrenergic 
receptors, and the noradrenergic nerve density may 
be related to the dynamic obstruction associated with 
BPH. The effect of smooth muscle activity on NE con- 
tent of the prostate awaits further investigation. 

Norepinephrine content appeared to have an in- 
verse correlation with the prostatic weight evaluated 
by ultrasonography (Fig. 2). This may be caused by 
the fact that proportion of SM also showed inverse on 

correlation with prostatic size (Fig. 3). On the other 
hand, fibrous tissue composition was positively cor- 
related with prostatic weight (Fig. 4). In general, it is 
presumed that glandular hyperplasia occupies the 
greater part of the evaluated specimen when the pro- 
static weight become larger. However, the present 
result may indicate that the increase in prostatic vol- 
ume in BPH is mainly attributed to the increase in the 
fibrous tissue component. An inverse correlation be- 
tween NE content and the prostatic weight would be 
explained by such histological aspects. These results 
appear to support our finding that NE content of BPH 
tissue is dependent upon the smooth muscle compo- 
nent content in the specimen evaluated. It appears 
that relatively large BPH does not respond well to the 
administration of neuropharmacologic and hormonal 
agents, since large prostate may mainly consist of the 
FT element. Alpha-blockade may improve lower uri- 
nary tract symptoms by working at sites other than 
the prostate, such as the bladder, while a relatively 
small prostate should respond better to alpha-adren- 
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dular lumen) and clinical data. Explanations and statistics are the same as in Figure 2. 

Relationship between percentage of glandular component (glandular epithelium and glan- 

ergic agents. However, since the prostatic specimens 
in the present series were relatively small prostates, 
we should remember this limitation in evaluating the 
relationships between size and parameters investi- 
gated. 

Morphometrically, an increase in the stromal com- 
ponent (SM or FT, or SM plus FT) or the stroma-to- 
epithelial ratio did not necessarily result in an 
increased severity of symptoms. Furthermore, the 
proportion of the glandular component also showed 
no correlation with symptoms caused by BPH. Re- 
cently, Shapiro et al. showed by computerized quan- 
titative morphometric analysis that the histological 
composition of prostatic hyperplasia was related to 
the development of symptomatic BPH [11,22]. The 
stromal component occupied a higher percentage of 
the hyperplastic tissue in patients with manifest 
symptomatic BPH [11,22]. Although stromal ele- 

ments may be increased in symptomatic hyperplastic 
prostate [9] and are related to the development of 
symptomatic BPH [Z], our results indicated that an 
increase in the proportion of the stromal component 
did not always result in increased severity of symp- 
tomatic BPH. We could not conclude that a sigrulicant 
component that mainly determined the severity of 
prostatism was the stromal component. The etiology 
of clinical symptoms of BPH appears to be difficult, 
judging from morphometric differences alone. 

CONCLUSIONS 

Based on the present results, we concluded as fol- 
lowing: (1) the NE content of the prostate was prob- 
ably determined by the amount of smooth muscle 
element in BPH tissue; (2) the fibrous tissue element 
was rather increased in large hyperplastic tissue; (3) 
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the severity of BPH, evaluated by subjective and ob- 
jective parameters, could not be explained by differ- 
ences in histological composition alone. 
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