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Nadph Diaphorase Histochemical Presence in Some Mammals®’ Penis
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Abstract: Intrabdominal and extrabdominal portion of penis (rat, guinea pig, hamster and rabbit) have been used
for histochemical activity Nadph-diaphorase. Pharmacological and electrophysiological studies, both in vive
and ir vitro, make us to belive that, in man, dog, rabbit and rat, the relaxation of vascular smooth muscle of the
cavernous body of pems, that 1s responsible for erection, 13 produced by the activation of a Non-Adrenergic,
Non-Cholinergic (NANC) nervous pathway whose mediator is a new neurotrasmitter: Nitric Oxide (NO). Our
observations provide the morphohistochemical base for the localization of NADPH-diaphorase in the different
constitutive structures of the penis in some mammalian species. NADPH-diaphorase is a histoenzymatic
revealing method that has been used to identify the structural components responsible for NO synthesis.
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INTRODUCTION

Recent pharmacological and electrophysiological
studies, both in vivo and in vitro, make us to belive that,
in man, dog, rabbit and rat, the relaxation of vascular
smooth muscle of the cavernous body of penis, that is
responsible for erection, is produced by the activation of
a Non-Adrenergic, Non-Cholinergic (NANC) nervous
pathway (Ignarro et al, 1990, Costa et al, 1991,
Burnett et al., 1992; Bush, et al., 1992, Trigo-Rocha et al.,
1993) whose mediator is a new Neurotrasmitter: Nitric
Oxide (NO). Nitric oxide has been considered for a long
time a simple noxious gas, but nowadays literature
identifyes NO as an extraordinary intracellular messanger.
It 13 expressed by a number of cell types, it 13 able to
modulate a wide range of functional responses of primary
importance for many systems and organs: Central and
nervous system, cardiovascular system, gastroenteric
and respiratory apparatus  (Bredt and Snyder, 1992;
Costa et al., 1991; De Giorgio et al., 1993, Faussone and
Bacci, 1993; Fischer et al., 1993; Tessitore et al., 1994 a, b,
c, d; 199%).

The synthesis of this molecule from L-arginine is
regulated by two enzymatic isoforms of Nitric Oxide
Synthase (NOS): A costitutive isoform (¢NOS) that is
activated in physiological conditions and releases small
controlled amount of NO with benefic effects and an
inducible isoform (iNOS) that is induced in pathological
conditions (during infections) by some cytokines and
bacterial endotoxing and is responsible for the production
of excessive and harmful amount of no (Bredt and Snyder,
1992; Moncada et al., 1991).

This production can be inhibited by arginine
analogues that are used in many experimental conditions
because they represents a good methodological
strategy to study the roles of NO in the different
parenchyma.

We have carried on a research project that addresses
the histochemical distribution of NO in the different
parenchyma of some mammals (rat, gumnea pig, gerbil,
hamster, ferret, rabbit, ox, man; Tessitore et al., 1994 a, b,
¢, d), we report histochemical data about the presence of
this chemical messenger in the penis of some mammals
(rodent), first organ examinated between the organs that
form the wrogenital apparatus, that subsequently will be
extensively studied for NO from the immunohistochemical
point of view.

MATERIALS AND METHODS

Nadph-diaphorase histoenzymatic revealing method
has been used to identify the structural components
responsible for NO synthesis. NADPH-diaphorase has
been used because it has been demonstrated that NADPH
diaphorase co-localized and is metabolically linked with
NOS and both neuronal NOS and NADPH diaphorase
have the same localization in brain and peripheral tissues
(Dawson et al., 1991).

Transversal and longitudinal cryostat sections of
mtrabdominal and extrabdominal portion of perms
(rat, guinea pig, hamster and rabbit) have been used.
Sections have been incubated for 15-30 min 37°C m PBS
buffer pH 7.4 containing 1.2 mM beta-Nadph and 0.3 mM
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HBT, 0.1 mM Trns HC1 pH 7.2, &Afterwrards sections havwve
been rinsed in PBS buffer and mounted in glycerol for
microscopical examination.

RESULTS

In spite of the sigrificant differences between the
microscopic architecture of perds in the different rodent
species examinated, we did not detect substantial
histotopochemical differences in WADPH-diaphorase
reactivityof the different structiral components.

In the pebrie plexus, located in the pelvic cavityof the
penprostatic regior, made of newons whose nervous
fibres project to the erectile tissue, an intense NADFH-
diaphorase reactivity has been detected [+ in a
nurerons population of ganglion newons and in the
axons of the costitutive fibres bundles of the cavernous
nerve (Fig. la b

&t the base of the pends, between the striated rmscles
bundles that wrap the bulb of erectile stuctures an
intense reactivity is detectable in secretory and excretory
epithelial cells of the bulbo-urethral gland where reactie
hervous terminals can be men (Fig. 2 and 3} In
longitudinal section, procesding from the base towards
the prossitnal segment, the cavernous bodies seemms to be
flanked by nerves; ramifications of the cavermons areries
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Fig. la,b: Hamster peris: WADPH-diaphorase reactivity
in nervious fibers (G302
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can be seen, their WADPH-diaphorase reactrrity does not
appear to be limited to the endothelial larina but to the
avventitial wall and alao to the nervous small nerves that
infiltrate it (Fiz. 3).

Fig. 2: Guinea piz penis NADPH-diaphoraze. Intense
reactvity in secretory cells and in the excretory
ducts of bulbo-urethral gland (200

3 Hamster penis: NADPH-diaphorase reactivity in
bulbo-mrethral gland, in nervous and smooth
rmscle fibers (3020

Fig.

Fig.4: BHat penis: HADPH-diaphoraze strong reactbity
in the wascular lawer of stnooth muscle cells

(200
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Fig. 5 Habbit penis WADPH-diaphorase reactreity in
rrmscular cavermons bodies (20050

Fiz.&: Rat penis: NADPH-diaphorase reactivity in the
ure thral epithelinmm {2000

&n intense reactmity we also detect in the large
mnscular net that forms the cavemous bodies (Fig. 6). In
the ure theal epithelinm is clearlyvisible a strong reactvity
(Fig. 7).

CONCLUSION

Previons in wifre biochermical studies led to the
identification of a constitutive HO synthase in the
cavernons bodies of rabbit. Other electrophisiolozical
data suggest that HO has a key role in the control of
cavemons body relaxation in mary, rat and rabbat.

Cur ohservations provide the morpholistochemical
base for the localization of HADPH-diaphorase in the
different constitntive structwes of the penis in some
marnalian species, thus giving the opportunity of
interpret and compare the HO-mole of these regions from
the histochernical point of wiew,

The slective distribubion od MNADPH-diaphorase
reactrvity in the different stuctural components of the
penis, both neural and not-nenral, indicates the existence
of mulliple cell types that synthetize HO, as we already
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deronstrated in other organs (Tessitore ef ol 1994 a b,
c, d; 1998} and thus suggests the posshility of a role in
the differentiation process (neural and paraneural) for HO
in the penis,

The existence of NADPH-diaphorase reactivity in the
neuronal sorna, in the nervous fibers of pelvic plexus, n
the walls of cavernons vessels and in the muscular cells”
net of the cavernous bodies, make us to belise that MO
really represents the phosiologizal newotransmatter of the
HANC relaxation of the cavernous bodiesin the examined
matnrnals and thus it conld be the most oportant chemical
messenger for the evection.

The functional consegquence of this data i the
clirdeal-therapentic fleld of sexual dysfunetion in man has
generated and still gererates great mterest. Thus O3S
inhbitors (L-HWARE) could be responsile for the some
pathologies such as priaprism. The recent habit to use of
N donors (Linsidomina, Sildenafil) conld represent a
new therapeutic strategy in the treatment of the different
types of erectile dysfunction aired to correct deficit in the
biosynthesis of this molecule.

The existence of WADPH-diaphorase reactivity in the
epithelial structures of the penis (the wethral epitheliom
and the enclosed glands) suggests that the WO,
synthesized by a constitutive MOS of these type of cells,
could have new paraveural roles throug b the transdueion
of nitric-oxyde-dependent modulating sizrals that are
irwvobred in the megulation of the functions of these
epithelial cells {urnarycontinence and miction).
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