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BACKGROUND. Although a-adrenergic blockers are widely used as a treatment of benign
prostatic hyperplasia (BPH), it is not clear whether contractile property of hyperplastic pros-
tate to a-adrenergic agonist depends upon an area of density of smooth muscle within the
respective BPH tissue.
METHODS. Functional study and quantitative morphometric analysis were performed on
human prostatic specimens obtained by transurethral resection from 22 men with symptom-
atic BPH. Tissue norepinephrine content was also evaluated.
RESULTS. There was a linear correlation between the area of density of smooth muscle and
maximum response to phenylephrine (r = 0.457, P = 0.0362). Although the area of density of
smooth muscle showed a positive correlation with norepinephrine content (r = 0.437, P =
0.0471), norepinephrine content was not correlated with maximum phenylephrine response.
CONCLUSIONS. Contractile response to a-adrenergic agonist was directly influenced by
the area of density of the smooth muscle within an individual prostate. Prostate 33:183–187,
1997. © 1997 Wiley-Liss, Inc.
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INTRODUCTION

It is now widely accepted that the contractile re-
sponses of the human prostatic adenoma were primar-
ily mediated by a-adrenoceptors [1]. The pressure of
the prostatic urethra in men is diminished following
the administration of a-adrenergic blockers [2,3], be-
cause a-adrenergic blockers cause a relaxation of the
smooth muscles within the prostate. Therefore a-
adrenergic blockers are effective for the treatment of
symptomatic benign prostatic hyperplasia (BPH) [4–
6]. Although a1-adrenergic [7], a2-adrenergic [8], and
muscarinic cholinergic receptors [9] have been charac-
terized in human BPH, the tone of the hyperplastic
prostate is primarily mediated by the a1 subtype [10–
14]. Recently, Lepor et al. localized a1a-adrenoceptors
within the stromal component of human BPH tissue
[15].

Structure of smooth muscles within the prostate is
complicated. Continuity of the smooth muscles are of-
ten interrupted by fibrous and glandular tissue. There-

fore, it is not clear whether or not the responses to
a-adrenergic agonist depend upon the area of density
of smooth muscle. In the canine prostate, maximum
response to phenylephrine is proportional to the area
of density of the smooth muscle component [16].
However, such a finding has not been proved in hu-
man BPH tissue. The present study was designed to
investigate the relationships between the contractile
properties and morphometric findings in human BPH
tissue. For this purpose, we performed functional
studies for human BPH tissue, as well as morphomet-
ric analysis of each specimen. Since contractile prop-
erty of human BPH exhibits regional differences [17],
we obtained specimens from the same region. More-
over, we measured norepinephrine (NE) content of
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such a tissue and compared with functional and mor-
phometric findings, since the levels of tissue norepi-
nephrine are generally proportional to the extent of
adrenergic innervation [18].

MATERIALS AND METHODS

Prostatic specimens were obtained from 22 Japa-
nese men with symptomatic BPH undergoing trans-
urethral resection of the prostate (TURP). Interna-
tional prostatic symptom score (IPSS), uroflowmetry,
pressure-flow study, and transabdominal measure-
ment of the prostatic volume were used to evaluate
preoperative conditions in all patients. Clinical pre-
sentations of these patients are shown in Table I.
TURP was performed under spinal anesthesia. Pros-
tatic specimens were obtained from the periurethral
area. Resected tissue was divided into three fragments
macroscopically, as equal in size as possible. One frag-
ment was used for the muscle strip study; another
fragment was prepared in Mason-trichrome stain for
morphometric analysis. The third fragment was im-
mediately put into liquid nitrogen and later used for
NE assay. These fragments were stored at −80°C until
NE assay.

Functional Study

The prostate strips were immediately put into ice-
chilled Krebs solution bubbled with 5% CO2 and 95%
O2. The Krebs solution had the following composition
(mM): NaCl 119, KCl 4.6, CaCl2 1.5, MgSO4 1.15,
NaHCO3 25.0, KHPO4 1.5, glucose 10. The strips were
then suspended in a 5 ml organ bath. The bath was
filled with oxygenated (5% CO2 and 95% O2) Krebs
solution and maintained at 37°C. Isometric tension
was measured with a Grass FTO3 force transducer
on a ink-writing oscillograph. Cumulative dose re-
sponses for phenylephrine were obtained. The concen-
tration of drugs producing 50% of the maximal con-
tractile response (EC50) and the maximal response

(Emax) for each drug were determined. Emax was ex-
pressed as g force/mm2 cross-sectional area (CSA).
The cross-sectional area was determined in the man-
ner described by Brown et al. [19]. Emax to phenyl-
ephrine appears not to be influenced by electric cau-
tery, since response to phenylephrine is not different
between prostatic tissue obtained by TURP and cys-
toprostatectomy [12].

Morphometric Study

Another fragment of a specimen was prepared in
Mason-trichrome stain for morphometric analysis.
Morphometric evaluations were performed basically
by the light microscopic stereological analysis we re-
ported previously [20], at a magnification of 400×. 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 lumen (GL). Instead of the point-counting
method, the total area occupied by each of the four
tissue categories was determined using a computer-
ized morphometric analysis system (EM Manual, Rise
Corp., Sendai, Japan) on a Macintosh Quadra 650 mi-
crocomputer. At least 30 systematic test areas were
analyzed for each tissue component in a specimen.

Assay of Norepinephrine

The content of NE (pg/mg wet-tissue) was esti-
mated by high performance liquid chromatography
(HPLC) with electrochemical detection [21]. The speci-
men was homogenized in 1 ml of 0.2 M perchroric acid
containing 100 mM EDTA and 100 ng 3,4-dihy-
droxybenzylamine (DHBA) as an internal standard.
The homogenate was centrifuged at 10,000g for 20 min
at 4°C. The supernatants were injected into HPLC. The
chromatographic mobile phase consisted of 0.1 M so-
dium acetate and 0.1 M citric acid buffer (pH 3.9),
containing 15% methanol, 10 mM EDTA, and 160 mg
sodium 1-octanesulfonate, which was pumped at 1.0
ml/min. The potential of the electrochemical detector
was set at 650 mV against the Ag/AgCl reference elec-
trode. In general, electrical cautery by TURP did not
affect the norepinephrine content within the tissue
[18].

Statistics

All results are expressed as mean ± S.E. Statistics
were performed using the statdview 4.0 program
(Abacus Concept, Inc., Berkeley, CA). Correlation be-
tween morphological data, functional responses, and
NE content were calculated by the least-squares

TABLE I. Clinical Characteristics of 22 Patients
with BPH

Mean ± S.E. Range

Age (years) 69.8 ± 1.8 58–85
Prostatic weight (grm) 38.0 ± 6.1 13.0–111.4
IPSS (point) 19.9 ± 2.2 3–35
Maximal urinary flow rate

(ml/sec) 9.3 ± 0.7 4.9–14.7
Residual urine (%) 21.3 ± 3.7 1.4–54.8
Linear passive urethral

resistance relation 4.1 ± 0.3 1–6
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method using the Pearson product moment correla-
tion coefficient. P < 0.05 was considered as statistically
significant.

RESULTS

Isometric Tension Studies

Isometric tension studies for phenylephrine were
performed on prostatic tissue strips from 22 patients.
The Emax and EC50 were determined from dose-
response studies (Table II). In two specimens, contrac-
tile response was very weak and negligible. The Emax
to phenylephrine ranged from 0.038 to 0.230 (g force/
mm2 CSA). The EC50 values for phenylephrine were
also shown in Table I. The phenylephrine EC50 values
ranged from 7 to 48 mM. In each muscle strip, the
orientation of muscle bundles was very complicated,
and there was no definite orientation of the primary
muscle bundles.

Morphometric Analysis

The percent area of densities of each histological
components are shown in Table III. The area of den-
sities of stromal (SM plus FT) and glandular compo-
nents (GE plus GL) were 77.9 and 17.5%, respectively.
In this series, the area of densities of the smooth
muscle and glandular component were smaller than
those reported previously [22,23]. Stroma-to-epithelial
ratio in this series ranged from 3.01 to 554.06. There
were no relationships between area density of the
smooth muscle and baseline symptom score (r = 0.309,
P = 0.2888), and smooth muscle density and baseline
peak flow rate (r = −0.216, P = 0.4688).

Tissue Norepinephrine Content

The NE contents were evaluated in 22 specimens.
The average NE contents are shown in Table II. The
tissue NE contents ranged from 13.9 to 933.0 pg/mg-
wet tissue. This NE level was almost comparable to
that reported by Lepor and associates, measured by
radioenzymatic assay [18].

Correlations Between Each Finding

There was a linear relationship between the Emax
to phenylephrine and the percent of area density of
smooth muscle (Fig. 1A). Linear correlations were also
observed between the phenylephrine Emax and the
percent of area density of the stromal component (r =
0.484, P = 0.0250) and the stroma to epithelial ratio (r
= 0.484, P = 0.0249). Significant relationships were not
observed between the phenylephrine Emax and the
percent area of density of fibrous tissue components.
Area of density of the glandular epithelium was in-
versely correlated with Emax (r = −0.442, P = 0.0438).
The EC50 values were not correlated with the area of
density of smooth muscle.

As we reported previously, there was a significant
correlation between the tissue NE level and the per-
cent area of density of smooth muscle (Fig. 1C) [20].
However, the phenylephrine Emax was not related to
the tissue NE levels (Fig. 1B).

DISCUSSION

According to Lepor et al., there are regional differ-
ences of contractile properties to phenylephrine in hu-
man BPH tissue [17], although the mean density of the
a1 binding site was similar within different regions of
the prostate. They pointed out that regional differ-
ences must be taken into account when investigating
the pharmacologic property of the prostate. In the pre-
sent study, we selected the periurethral area of the
prostate, since the specimens in this region are usually
easy to access and could be obtained immediately
without surgical influences during TURP. Besides
phenylephrine, Emax is 1.6-fold greater in the periph-
eral region relative to the central region [17]; both cen-
tral and peripheral regions are likely to be involved in
the dynamic mechanism of infravesical obstruction
in BPH. In this series, the percent area densities of
the smooth muscle and glandular component were
smaller than those reported previously [22,23]. Al-
though histological detection of the smooth muscle

TABLE II. Results of Functional Study and
Norepinephrine Assay

Mean ± S.E. Range

Norepinephrine content
(pg/mg wet-tissue) 204.9 ± 50.6 13.9–933.0

Emax to phenylephrine
(g-force/mm2 CSA) 0.119 ± 0.013 0.038–0.241

EC50 (mM) 16.8 ± 4.1 7.0–48.0

TABLE III. Histological Composition of 22 Patients
With BPH

Histological component

Area density (%)

Mean ± S.E. Range

Smooth muscle 22.42 ± 1.57 9.22–36.92
Fibrous tissue 55.47 ± 2.67 35.84–78.43
Stroma 77.88 ± 2.86 51.11–99.73
Glandular epithelium 8.63 ± 1.37 0.18–19.39
Glandular lumen 8.90 ± 1.53 0.06–24.27
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depends on a method of histological staining, mor-
phometric differences between the Asian population
and Caucasian-American men also affect the results
[24]. Present results demonstrate that there are appar-
ent morphometric differences between Japanese and
Chinese men with BPH.

Lepor et al. also suggested that regional differences
of contractile property in BPH tissue may reflect the
differences in the proportion of smooth muscle within
the tissue [17]. In the canine experiment, there is a
linear relationship between the phenylephrine Emax
and the percent area of density of the prostatic smooth
muscle [16]. The present results demonstrate that the
contractile responses of the human BPH tissue to
phenylephrine also showed a positive correlation with
the area of density of smooth muscle. According to
Shapiro et al. [25], the clinical efficacy of a-adrenergic
blockers depends on the proportion of smooth muscle
elements within individual BPH tissue. The present
results probably provided the support for the concept
that the dynamic component of bladder outlet ob-
struction is mediated by the tension of prostatic
smooth muscle. Moreover, in two patients with poor
smooth muscle density (9.2 and 13.2%, respectively)
contractile response was negligible. This finding indi-
cates that a-adrenoceptor blockers would be ineffec-
tive in improving the degree of infravesical obstruc-
tion in patients with poor smooth muscle content.
However, it should be noted that symptom improve-
ment following a-blockade is not solely related to re-
laxation of prostatic smooth muscle tonus [26]. In the
present series, the percent area of density of stromal
component and stroma-to-epithelial ratio also showed
positive correlation with the phenylephrine Emax.

These relationships appeared stronger than the corre-
lation between the Emax and the area of smooth
muscle density. Why these parameters are more sen-
sitive in relation to the contractile response remains
unclear. Probably, an inverse correlation between area
of density of smooth muscle and those of glandular
components (r = −0.482, P = 0.0256) may affect the
results. Alternatively, the fibrous tissue elements
somehow influence the ability of the smooth muscle to
contract. However, these parameters could be practi-
cal in estimating the effect of a-blockers for individual
patients. In this series, area of density of the glandular
epithelium was inversely correlated with Emax; this
correlation may reflect the inverse correlation between
percent area of density of the smooth muscle and that
of the glandular epithelium (r = −0.517, P = 0.0152).

As we reported previously, NE levels were in a
positive relationship with the proportion of smooth
muscle [20]. It appears reasonable to presume that the
adrenergic nerve density within the prostate is pro-
portional to the amount of smooth muscle. Thus, the
presence of adrenergic nerves probably is associated
with the presence of prostatic smooth muscle. Then,
we try to see the correlation between phenylephrine
Emax and norepinephrine content to clarify the rela-
tionship between adrenergic nerve density and re-
sponse to a-adrenergic agonist. In the present study,
the NE content was not correlated with the phenyl-
ephrine Emax. It appears that the density of a-adren-
ergic nerves in BPH tissue is not related to the density
of a-adrenergic receptors, or that there are differences
in the release of norepinephrine, or in signaling path-
ways that lead to smooth muscle contraction. It is con-
ceivable that the measurement of tissue NE contents of

Fig. 1. Correlation between area of density of
the smooth muscle, Emax to phenylephrine, and
tissue norepinephrine content. A: Area of density
of the smooth muscle and Emax. B: Emax and
norepinephrine content. C: Norepinephrine con-
tent and area of density of the smooth muscle.
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BPH is not useful to approximate the clinical efficacy
of a-blockers.

In conclusion, the contractile response of the strips
from hyperplastic prostate was directly dependent
upon the percent area of density of the smooth muscle.
Although specimens obtained by TURP may not re-
flect a histological composition of a whole prostate,
recent studies revealed that the histological quantifi-
cation by a single needle biopsy could represent the
histological features of an individual whole prostate
[23]. If histological composition of whole prostate
could be evaluated by such a method, we could esti-
mate the effect of a-blockers on each patient. How-
ever, it appears to be impractical to perform prostatic
biopsy on all patients. What is important is to inves-
tigate the method to evaluate morphometric charac-
teristics of each prostate by non-invasive means.
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