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ABSTRACT

Objective: To analyze pathobiology of ischiocavernosus (IC) and bulbospongiosus (BS) muscles
in long-term diabetic male rats and its implication on erectile dysfunction (ED).

Methods: Male rats were grouped into control and diabetic rats (received single injection of
60 mg/kg bw. of streptozotocin [STZ]). At 120th day, the animals were subjected to various anal-
yses like serum hormone, penile reflex, electromyography of IC and BS muscles, after euthanasia
IC and BS muscles were processed for morphological, histology, histometric analysis, immunos-
taining and immunoblotting synaptophysin, NNOS and NADPH diaphorase histochemistry.
Results: Significant reduction in serum hormone level, penile reflex, reduced action potential or
activity in both these muscles and wide range of histological alterations were observed in STZ
rats. Muscles showed significant reduction in the diameter, volume and numerical density of the
fiber in both muscles of STZ rats. Synaptophysin, nNOS and NADPH diaphorase were signifi-
cantly reduced in diabetic animal IC and BS.

Conclusion: Severe neuromuscular circuitry alteration in IC and BS. Study concludes that degen-
erative changes in IC and BS may play a major role in ED in diabetic condition. Indicating dia-
betic-induced postsynaptic neuronal degeneration along with impaired motor action of the
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muscle and severe muscle degeneration affecting ED.

Introduction

Aging and other metabolic disorders like diabetes
presents numerous comorbid conditions that lead to
various systemic pathologies like erectile dysfunction
(ED) in male [1,2]. One of the major predisposing fac-
tors for ED in men has been linked to low testoster-
one levels [3], studies do indicate that testosterone
supplementation improves or restore erectile function
in these men [4,5]. Apart from psychological [6] and
others like vitamin D deficiency are correlated with ED
in men with type 2 diabetes mellitus [7] and altered
inflammatory markers do show strong association in
development of ED [8]. Even though several treatment
approaches exist but optimal treatment is complex,
because of its multifarious nature.

ED in males is a topping list of male-related prob-
lems nowadays and it affects approximately 18 million
men which worsen the quality of life in diabetic
patients [9-11]. Directly or indirectly diabetes mellitus

causes the impaired sexual behavior, ED, etc. [12,13].
Both type | and type Il diabetes mellitus have adverse
effects on male sexual and reproductive functions in
human and animals [13,14], which include ED,
decreased libido, potency, ejaculation difficulties and
infertility [15,16].

Nitrous oxide (NO) plays a key role in penile erec-
tion by initiating smooth muscle relaxation following
sexual stimulation. Impaired NO activity and endothe-
lial dysfunction have been described in diabetic ani-
mal models as well as in human volunteers [9,13].
Reduction in the number of nitric oxide synthase
(NOS) containing neurons and the impaired NOS activ-
ity would lead to reduce in both neurogenic- and
endothelium-mediated smooth muscle relaxations
[17]. The degeneration, alteration in the conduction
velocity and decreased levels of neuronal NOS were
seen in the diabetic rat dorsal nerve of penis, major
pelvic ganglion [18,19] and dorsal root ganglion [20].
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It has been reported that reduction in the NO produc-
tion via reduced NOS production in para ventricular
nucleus induces the ED in streptozotocin-induced dia-
betic rat [21] and also there was reduction in the
neuronal size and population of spinal nucleus of the
bulbocavernosus in the lumbar spinal cord [22]. Our
previous studies demonstrated that the diabetes-
induced alteration in penile morphology and micro-
architecture [23,24].

The initiation and maintenance of penile erection
depend on nerve control of the vasculature [25], concur-
rently, the integrity of the striated muscle system, i.e.
ischiocavernosus (IC) and bulbospongiosus (BS) is man-
datory for rigid erection. The penile bulb is surrounded
by the BS, the penile crura and proximal part of the
shaft by the IC [26,27]. The BS arises from the perineal
body, and its anterior fibers end in a tendinous expan-
sion, which extends over the dorsal aspect of the penis
covering the dorsal vessels [26]. The BS assists in penile
erection by compressing the erectile tissue of the penile
bulb and the deep dorsal vein of the penis [28]. The IC
arises from the ischial tuberosity and ramus, and its fle-
shy fibers end in an aponeurosis attached to the sides
and undersurface of the crus penis [26]. The contrac-
tions of muscles on corporal tissue facilitate elevation of
intracavernous pressure (ICP) that seems to be a reflex
and mediated through the corpus cavernosum, which
apparently leads to rigid erection [29]. Changes in the
evoked response amplitude would indicate a defect in
the reflex pathway. In the rigid erection phase, ICP may
increase well above the systolic pressure due to IC and
BS muscle contraction [30]. It has been noted that surgi-
cal removal of IC and BS leads to ED [31], indicating
importance of IC and BS in penile erection.

Erection involves, IC - straightening, lengthening
and flexion of the penis toward abdomen, BS -
Erection of glans. Thus, these muscles exert a greater
force on the penile erection. During the rigid erection
phase, the flow in the internal pudendal artery is
almost zero and in the cavernous artery is not measur-
able [28,32] and creates supra-systolic ICP. The correl-
ation of these muscles in diabetic-induced ED is not
clearly documented. The objective of the present
study was to analyze the structural and functional sta-
tus of perineal muscles (IC and BS) in correlation to
erectile function in long-term diabetic rats.

Materials and methods
Animal

Male Wistar albino rats (Rattus norvegicus) were used
for this study. Male rats of body weight (b.w.)

225-250g were selected. They were housed individu-
ally in separate standard cages and maintained under
standard laboratory conditions (temperature 24-28°C,
relative humidity 60-70%, and 12-h light-dark cycle)
with free access to solid pellet diet and water ad libi-
tum throughout the study. The study was approved
by institutional animal ethics committee. Animal main-
tenance were according to the Committee for the
Purpose of Control and Supervision on Experiments
on Animals (CPCSEA) guidelines for laboratory animal
facility in India [33]. Details of the maintenance were
given elsewhere [34].

Experimental design and induction of diabetes

In this present study, animals were grouped as
(n=12), group | - control (received 0.1 M Citrate buf-
fer) and group Il — diabetes induced by single injec-
tion of streptozotocin (STZ) (Sigma-Aldrich, St. Louis,
MO, USA) 60 mg/kg b.w. in 0.1 M citrate buffer. At the
4th day after injection, the blood glucose level was
estimated, animals that showed above 250 mg/dl were
considered as diabetic. Details of this procedure were
given elsewhere [23,24].

Estimation of blood glucose level

Serum blood glucose level was estimated in control
and diabetic animals at every 30 days interval. The
blood was collected from retro-orbital venous plexus
and blood glucose level was determined by using the
glucometer (ACCU CHEK active, Roche, Germany).

Analysis of pituitary testicular axis

At the end of the experimental period, the blood was
collected from control and diabetic animals through
retro-orbital venous plexus by using the heparinized
capillary tube. Serum was separated through centri-
fuge at 3000rpm and it was used to estimate serum
testosterone, follicular-stimulating hormone (FSH) and
luteinizing hormone (LH) by radioimmunoassay.

Evaluation of penile reflexes

The potency was studied according to the method
described in our earlier work [24,34]. On the 120th
day, the test for penile reflexes was carried out by
placing the animal on its back in a glass cylinder par-
tial restraint. The preputial sheath was pushed behind
the glands by means of thumb and index finger and
held in this manner for a period of 30min, which



elicited a cluster of genital reflexes. The following
components were recorded: Erections (E) - character-
ized by the engorgement of the penis with blood and
by the accompanying extension and rigidity, Quick
Flips (QF) - referred to a flaring of the head of the
penis into a cup-like configuration, Long Flips (LF) -
sharp involuntary dorsiflexion of the penis toward the
abdomen with a rapid return to resting and Total
Genital Reflex (TGR) sum of total reflex and erec-
tion index.

Electromyography

The electromyography (EMG) of IC and BS was done
according to the methods described by Holmes et al.
[35] with some modifications. At the end of the 120th
day, animals were anesthetized by using the ketamine
(80 mg/kg body weight). Vertical incision was made at
groin region between medial aspect of thigh and scro-
tum; identify the IC and BS muscle then clean the
superficial fascia then the IC and BS were exposed.
Three bipolar stainless steel loop electrodes were used
in this study. Two electrodes were used as active and
reference electrodes, it was placed on the surface of
the exposed muscle at the level of belly and tendon
regions, the third electrode was placed on lumber
subcutaneous connective tissues served as a ground
electrode. The recording signals were fed to high
impedance preamplifier, displayed on a polygraph.
Then the foreskin of the penis was retracted and the
reflex-induced muscular action potential was recorded.
The EMG pattern was compared between the groups.

Tissue harvesting

At the end of 120th day, animals were sacrificed by
overdose of anesthesia (i.p), and followed by transcar-
dial perfusion using 4% paraformaldehyde in 0.1M
phosphate-buffered saline (PBS). IC and BS were dis-
sected out and post-fixed in same fixative for fur-
ther analysis.

Morphological and histological study

The organs removed were photographed and various
gross measurements like volume, length, width, etc,,
were noted after being defatted. Volume was meas-
ured by the water displacement method and weight
was measured by using the analytical balance. Length,
width, and breadth were measured with the help of
vernier caliper. Fixed muscle tissues were dehydrated
in graded alcohol series, cleared in xylene and
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embedded in paraffin wax. Tissues were sectioned at
longitudinally and transverse at 7 um thickness. The
sections were stained with hematoxylin and eosin.

Morphometric and stereological investigations

Stained slide was used to evaluate the quantitative
measurement of histological alterations between the
control and diabetic. Conventional stereological princi-
ples and accepted morphometric procedures, as
described elsewhere [25,36], were used in the present
study to obtain quantitative information. Systematic
uniform random sampling protocol was adapted to
avoid bias in selecting the sections/fields. For the
quantitative using stereology, a 1-cm? grid of square
lattice containing 121 intersections used in this study.
Diameter and numerical density of the muscle fibers
and volume of the fiber component were estimated.
The data are expressed in relative value.

Immunohistochemistry

The unfixed fresh tissues were frozen sectioned by
using the cryostat microtome (Leica Microsystems,
Wetzlar, Germany). The sections were stored at -20°C
until staining. After washing with PBS, slides were
incubated with 3% H,O, in methanol at room tem-
perature for 15min to quench endogenous peroxidase
activity. The slides were incubated with blocking solu-
tion (1% bovine serum albumin) for 30 min at room
temperature. Then, the sections were incubated over-
night with mouse polyclonal anti-synaptophysin and
nNOS antibody (Santa Cruz Biotechnology, Santa Cruz,
CA). Subsequently, the sections were incubated with
secondary antibody conjugated with FITC and Cy3
(Santa Cruz Biotechnology, Santa Cruz, CA) for 1h at
room temperature, then washed with PBS, the nucle-
olus was counterstained with DAPI for 10min and
washed with PBS and mounted in anti-fade solution
and the edges were sealed with nail polish.
Photographs were taken by using epi-fluorescent
microscope (Nikon, Japan) with appropriate filters.

Immunoblotting

Perineal muscles (IC and BS) (100mg) collected after
cervical dislocation were minced with anatomical scis-
sor and it was homogenized in radioimmunoprecipita-
tion assay buffer, centrifuged at 11,000g for 15 min to
pellet any insoluble material and the supernatant was
collected in a clean centrifuge tube. Protein level of
supernatant was determined by using the Lowry’'s
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method [37]. Protein samples (75 jig) were resolved by
using 10% or 12% SDS-PAGE gel and electrotrans-
ferred to polyvinylidene difluoride filter membrane at
100V for 50 min. To reduce non-specificity, the trans-
ferred membrane was blocked with 5% nonfat milk in
phosphate-buffered saline-Tween 20 (PBS-T) for 5h at
room temperature. Thereafter, the membrane was
incubated overnight at 4°C with specific antibody rab-
bit polyclonal anti nNOS (Santa Cruz Biotechnology,
Santa Cruz, CA), synaptophysin and a-tubulin antibody
in 5% nonfat milk in PBS-T buffer. After washing three
times with PBS-T buffer, the membrane was incubated
with horseradish peroxidase-conjugated anti-rabbit
secondary antibodies (Santa Cruz Biotechnology, Santa
Cruz, CA), 1:2000-10,000 in PBS-T buffer at room tem-
perature for 60 min. The membrane was washed five
times with PBS-T buffer. Chemiluminescent substrate
was applied according to the manufacturer’s instruc-
tions (Pierce Biotechnology, Rockford, IL). The light
emission was detected by using Chemidoc cooled
camera and the band intensities of nNOS and synapto-
physin were normalized against the loading control
o-tubulin using ‘Quantity One” Software (Bio-Rad,
Hercules, CA) and expressed as optical density units
relative to B-actin.

Statistical analysis

Test of significance between the mean values of con-
trol and experimental groups was determined by
using student’s’ test. p Value <0.05 was considered as
statistically significant [38].

Results
Blood glucose level

Serum glucose levels were estimated by using the
glucometer (Accu Chek active, Roche, Germany). The
data revealed that serum glucose levels found to be
significantly (p < 0.001) increased in STZ-injected ani-
mals when compared to control animals at 120 days
(Figure 1).

Hormonal analysis

The levels of serum hormones (T, FSH and LH) are
shown in Figure 2. Data indicate that the levels of
serum T, FSH and LH in 120days diabetic animals
were significantly (***p <0.001) reduced when com-
pared to control.

Blood Glucose Level

a***

ko
akkx P a

mg/dl
w
(=3
o

100 -— * > —

30 days 60 days 90 days 120 days

—eo— Control —a— Diabetes

Figure 1. Blood glucose levels in control and diabetic groups
during the study period. Each point indicates mean standard
error of the mean. ***p < 0.001.

25
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0| EE . e 2
Testosterone (ng/ml) FSH (mIU/ml) LH (mIU/ml)
o Conrtrol o Diabetes

Figure 2. Hormonal status in control and diabetic groups,
each bar represents the mean + SEM. “Control, ***p < 0.001.

25
20
15
10

Number of events

Erection Quick flip  Longflip  Total genital

reflex
@ Control & Diabetes
Figure 3. Various parameters studied under penile reflex in

control and diabetic groups. Each bar represents the
mean =+ SEM. ?Control, ***p < 0.001.

Evaluation of penile reflexes

The reflex study was indicative of erectile capacity of
the penis along with the action of supporting struc-
ture (perineal muscles). The data showed significant
reduction in the E, QF, LF and TGR in the STZ-treated
rat when compared to control (Figure 3).

Electromyography

Electrophysiological study to analyze the functional
status of IC and BS muscles showed marked change in
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Ischiocavernosus Bulbospongiosus

T
Control

Ll |
PP

Control

Diabetes

Diabetes

Figure 4. Electromyography showed activities of the IC and BS muscles in control and diabetic rats. Diabetic rat muscles showing
diminish activities when compared to control indicting poor motor activity.
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Figure 5. Various gross measurements of IC muscle in control
and diabetic groups, each bar represents the mean+SEM.
Control, **p < 0.01 and ***p < 0.001.
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Figure 6. Various gross measurements of BS muscle in control
and diabetic groups, each bar represents the mean + SEM.
Control, **p < 0.01 and ***p < 0.001.

both IC and BS of the STZ-treated animals compared
to control. The electromyographic activities of the IC
and BS muscles in control groups showed prominent
EMG activity concomitant to penile reflex. Whereas in
the case of diabetic rat there was diminish activity
and indicating obvious drop in action potential
(Figure 4).

Morphology

= Control Diabetes

"/

b Al‘
l'/.n |
s DA _"/A:m

RtV &

Histology

A

Figure 7. Morphology and histology of IC in control and dia-
betes. The IC muscle shows severe degenerative changes in
diabetic rat. Figure showing transverse and longitudinal sec-
tions of muscle. H & E 40x.

Morphology and histological study

The morphological study showed that significant reduc-
tion in the length, breadth, volume and weight of both
IC and BS in the long-term STZ-injected animals when
compared to the control (Figures 5 and 6, respectively).
IC and BS showed wide degree of histological altera-
tions in these muscles (Figures 7 and 8, respectively).
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In diabetic animals, the atrophy of the muscle fiber
was indicated by the crowding and angulations of
the fibers on cross section. The longitudinal section of
the muscles showed atrophy of the fiber and mild
amount of fraying. The BS muscles also showed similar
atrophy of the individual muscle fiber leading to
increase crowding of the angulated muscle fiber and
thinning of the muscle fiber and internalization of the
nuclei on longitudinal section indicating degenerative
changes when compared with control animals.

Morphometric and stereological investigations

The histological alterations were quantitatively ana-
lyzed by the histomorphometric study. Data of both IC
and BS muscles showed significant reduction in the

Morphology

Histology

Figure 8. Morphology and histology of BS in control and dia-
betes. The BS muscle shows severe degenerative changes in
diabetic rat. Figure showing transverse and longitudinal sec-
tions of muscle. H & E 40x.

diameter and volume of the muscle fiber and signifi-
cant increase in the numerical density of the muscle
fiber in diabetic group when compared to control
(Table 1).

Immunohistochemistry

The status of neuromuscular junction was studied by
the immunostaining of synaptophysin in IC and BS.
The data revealed that immuno-localization of the syn-
aptophysin in STZ-treated animals showed markedly
decreased expression when compared to the control
rats. The immunohistological images of IC and BS are
shown in Figures 9 and 10, respectively.

Synaptophysin

Diabetes

Control

DAPI

Figure 9. Immunostaining of synaptophysin in IC muscle of
control and diabetic rats. Expression of synaptophysin in IC
muscle of diabetic rats was severely diminished when com-
pared with control. 40x.

Table 1. Histomorphometry of IC and BS muscle fibers in control and diabetic rats.

IC BS
Parameter Control Diabetes Control Diabetes
Diameter (um) 172.78 +£8.01 12.20+2.1 Sa: 226.65+12.15 3045+ 3.453i
Volume (mm3/mm3) 0.536 £0.06 0.271 % 0.05‘3* 0.484 £ 0.06 0.247 £ 0.07a*
Numerical density (number/mm?) 156.68 +£5.48 77215 +5.23° 67.15+£4.16 672.51 +3.48°

Each data represented mean + SEM.
iControI.
p < 0.001.



Control Diabetes

Synaptophysin

DAPI

Figure 10. Immunostaining of synaptophysin in BS muscle of
control and diabetic rats. Expression of synaptophysin in BS
muscle of diabetic rats was severely diminished when com-
pared with control. 40x.

nNOS

DAPI Merged

Control

Ischiocavernosus

Diabetes

Control

Bulbospongiosus

»
*
V
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Figure 11. Immunostaining for nNOS IC and BS muscles of
control and diabetic rats. Expression of nNOS in diabetic rat
was severely diminished in these muscles when compared
with control. 40x.
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Figure 12. Images of histochemical staining for NADPH diaph-
orase. Staining showed severe depletion of enzyme in diabetic
group IC and BS muscles when compared to control
group. 40x.

Immunostaining of nNOS showed reduced nNOS
expression in IC and BS of diabetic rats when com-
pared to control rats. The immunohistological images
of IC and BS are shown in Figure 11. Histochemical
staining of NADPH diaphorase containing muscle
fibers in IC and BS indicated sever depletion of
enzyme in diabetic rat muscles when compared to
control. The NADPH diaphorase staining of IC and BS
is shown in Figure 12.

Immunoblotting

Expression of synaptophysin and nNOS was estimated
by immunoblotting. Levels of these proteins were
found to be significantly reduced in long-term STZ-
injected animal when compared to control (Figure 13).

Discussion

ED induced by diabetes is one of the most common
secondary complications seen in diabetic men. For the
penile erection, a well-coordinated system of the vas-
cular, endocrine and neuromuscular network is essen-
tial. The prevalence of reduction in the erection or
sexual potency would be a feature of ED in men
[39-42]. One or more pathophysiological conditions
associated with hormonal, vascular, muscular and
neuronal contribute to ED, many studies indicate
metabolic syndrome as a potential risk factor for
ED [43,44].

Thence, the multifactorial nature of ED does pre-
sent more challenging avenues to basic science
researcher. Though the initiation and maintenance of
penile erection depend on nerve control over



986 (&) P.SEPPAN ET AL.

IC BS

1 2
| — | «—5yn (38 kDa)

— — |- -|<—" Tub (55 kDo)

Synaptophysin

100 -

Relative expression of
synaptophysin
wh
=

40 1
30 1
20 1
10 1
0
Ischiocavernosus Bulbospongiosus
OControl  ODiabetes
IC BS
1 2 1 2
|- — ||— ——— I <« nNOS (155 kDa)

|- | — ” ——— -l<— Tub (55 kDa)

nNOS

Relative expression of
synaptophysin
wh
S

as

Ischiocavernosus

OControl

Bulbospongiosus
ODiabetes

Figure 13. Immunoblot to estimate synaptophysin and nNOS
proteins. Levels of these proteins were found to be signifi-
cantly reduced in long-term diabetic animals when compared
to control.

vasculature. The erection of penis to optimum level is
achieved by the striated muscle system, i.e. IC and BS
muscles. These muscles form an essential component
for sustenance of rigid erection. The role of IC is
straightening, lengthening and flexion of the penis
toward abdomen and role of BS is erection of glans,
apart from controlling bulbar region of the urethra.
Thus, these muscles exert a greater mechanical influ-
ence on the penile erection. Present study showed sig-
nificant alterations in the structural integrity of

perineal muscles in diabetic rat and contributed sig-
nificantly to ED in these animals.

In the case of rat, the potency was evaluated by
testing the frequency of penile reflexes such as E, QF,
LF and TGR. These analyses signify the functional sta-
tus and real-time testing of their structural integrity,
i.e. nerve and muscle coordination [25]. The test of
the penile reflex revealed a reduction in E, QF, LF and
TGR parameters when compared with the control,
indicating structural disturbance and hypotrophy of
the perineal musculature. Concomitantly, testosterone
level was depleted in the diabetic rats when compare
to control. The strong relative correlation between
serum testosterone level and penile reflexes in the rat
was observed in previous studies [23,25,45,46], indicat-
ing the crucial impact exerted by testosterone on
these muscles. Reduction in the testosterone level
might be due to the hyperglycemia-induced degen-
erative changes in the organs involved for hormone
production [16]. This clearly indicates that hypergly-
cemia has direct role in impairing the pituitary and
testicular axis [47] and decreased testosterone level
[48]. These facts indicate that in addition to the hyper-
glycemia-induced degenerative changes in the peri-
neal muscles, androgen depletion also inflicts adverse
effect in the muscle fibers [30]. In general, testoster-
one depletion exemplifies loss of muscle mass. The
erosion of skeletal muscle is predominantly occurring
through mismatch between protein degradation and
the inability of leucine to stimulate protein synthesis
[49,50]. The structural and functional alterations in
these muscles might lead to reduction in the penile
reflex and lack of intromission in the sexual behavior
in diabetic condition [23,24] especially due to lack of
dorsiflexions (flips) of the glans penis. The surgical
removal of IC muscle do showed nil dorsiflexions and
ED [31]. Thus, indicating that degeneration in perineal
muscles plays a crucial role in ED.

Morphological, histological and histomorphometric
analyses indicate severe alteration in long-term dia-
betic rats, in terms of muscle volume, micro-anatom-
ical disturbance and reduction in fiber size, i.e. muscle
cells shrank and skeletal muscle fibers space increased.
Since both IC and BS muscles act to increase the cor-
poral pressure [29]. Impaired erectile function
accounted for muscle degeneration in long-term
hyperglycemia leading to erection dysfunction, by
increasing the time taken to achieve full erection or
very fast reversal to the flaccid state.

Our previous study indicated that reduced mating
score, i.e. mounting and intermission latency in dia-
betic animals [24], indicative that diabetic-induced



maculopathy and peripheral neuropathy contribute to
reduce activity of the muscles and forms an important
cause for poor sexual behavior outcome. This may be
caused by impaired Ca+ homeostasis in the muscles
[51] and with a diminished expression of synaptophy-
sin in IC and BS of diabetic rats indicate defective
neuromuscular junction due to degeneration occurs in
the junction level or pre-synaptic neuronal circuitry.
Similarly, overall synaptophysin protein expression
level in diabetic rat IC and BS muscles was signifi-
cantly reduced around 120days indicating that sever-
ity of the pathology.

The high level of circulatory glucose induces high
oxidative stress and their secondary cascades in multi-
faceted mechanism induce muscle degeneration in
diabetic rats. The influenced by hyperglycemia can
greatly enhance the formation of peroxynitrite in tis-
sue causing tetrahydrobiopterin (BH4) oxidization (a
NOS Il cofactor to dihydrobiopterin) [52,53]. With BH4
deficiency, the NOS lll is in an uncoupled state, which
means that the electrons flowing from NOS Ill reduc-
tase domain to the oxygenase domain are diverted to
molecular oxygen rather than to L-arginine resulting
in production of superoxide rather than NO [54-56].

Generally, nNOS depletion is a feature of muscle
dystrophy; NO supposed to involve in influencing
muscle growth and development. Studies indicate that
NOS activity in skeletal muscle cells increased dramat-
ically and transiently at the time of muscle cell fusion
and that NOS inhibition impaired fusion [57]. Thus, it
plays an important influence in muscle cell differenti-
ation and overall regeneration through NO. nNOS defi-
ciency could contribute to the regenerative defects
and more severe changes in advanced stages of the
disease with misregulation muscle cell growth [58].

The presence of NADPH diaphorase histochemical
staining showed significant reduction in enzyme level
in IC and BS muscle fibers of diabetic rats when com-
pared with control. Concomitant, reduced expression
of NnNOS in immunostaining indicates degenerative
changes. The diminished staining for NADPH diaphor-
ase and immuno-localization of nNOS indicates sup-
pressed bioavailability of NADPH diaphorase and
nNNOS results in decreased NO availability; results were
concomitant to the nNOS immunoblot. This can cause
impairment of nitrergic relaxations, leading to poor
smooth muscle relaxation in penis for effective erec-
tion and at the cellular level loss of nNOS localization
in skeletal muscle fibers can lead to functional ische-
mia due to a decrease in contraction-induced vasodila-
tion [59].
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The principal outcome of the hyperglycemia is con-
sidered to be oxidative stress and neuronal apoptosis
in the major pelvic ganglion [19] and impairing peri-
neal muscle function and leading to erection defect in
diabetic animals. Impaired muscle activity might be
due to the neuronal alteration produced by androgen
deficiency, which has physiological control over the
perineal muscle [25,60]. Based on these findings, it is
hypothesized that the reduced strength in diabetic
animals is due to down-regulated synthesis of neuro-
trophin, resulting in diminished neurotrophic support
to motor neurons and leading to insufficient re-innerv-
ation and atrophy [61]. It seems that the ICP increases
to a certain level and stimulates the intracavernosal
pressure receptors to send impulses to the spinal
cord. These impulses are possibly transmitted through
pudendal nerve to the cavernous muscles, affecting
their contraction with a resulting increase in the ICP
[29]. These facts indicate that any disturbance in the
circuit integrity will hamper penile erection
significantly.

It is obvious that the rise in ICP is affected through
IC and BS contraction [62,63]. The cavernous muscles
inserted into the corpus cavernosum most probably
facilitate contraction of dorsal penile vessels and con-
sequential lead to increase blood pooling in the cav-
ernous tissue [29]. The analysis of IC and BS muscles’
EMG showed intermittent activity indicating the inter-
mittent contraction of cavernous muscle, a typical fea-
ture of striated muscles. The intermittent contraction
of cavernous muscle along with penile corpora sup-
poses to produce reflex jerk thereby increasing ICP for
a rigid erection. However, the EMG of both IC and BS
showed reduced activity in 120days of diabetic rats.
Indicate the poor evoked action potential response
ensuing degenerative changes in these muscles in
long-term diabetes. Resulting in reduced cavernosal
pressure and ensuing ED. Moreover, intermittent con-
traction seems to offer a mechanism by which fresh
oxygenated blood find entry in the cavernosal tissue
[29], with the loss or mismatch of intermittent contrac-
tion in IC and BS could reduce oxygenated blood
entry during rigid erection and probably can cause
ischemic or hypoxic degeneration in cavernous tissue
in diabetic condition.

From the present study, it was concluded that the
observed degenerative changes in IC and BS played a
major role in ED. Despite forecasting that these dia-
betic-related alterations occur, their real impact on
male erectile function and reproductive health are still
far from being fully understood, highlighting that
research in the field is crucial. Thus, the individual
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variations seen in erectile response to therapeutic
drugs might be due to the degree of impairment of
perineal musculature. These data also correlate with
poor response outcome observed to drug like sildena-
fil citrate (PDF5 inhibitor) in similar condition, indicat-
ing want of further systematic investigations in this
area. Moreover, while developing selective and safer
treatment strategies for diabetic-induced ED in men, a
due consideration should be given to the integrity of
the perineal musculature. Thus, these observations
serve as key factors for implication to treat diabetes-
induced ED in mankind.
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