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ABSTRACT

The present study was designed to investigate the possible effect of vardenafil
phosphodiesterase-5 inhibitor on diabetic foot ulcer induced in rats and the underlying
mechanism(s).

Streptozotocin -induced diabetic rats were treated with the phosphodiesterase-5 inhibitor,
vardenafil, for 8 weeks starting on day 15 after Streptozotocin injection. After 4 weeks of
treatment, a wound of fixed size was induced in the dorsal surface of right foot and wound
size measured every 3 days. Behavior tests (foot print and hotplate test) were performed
every 2 weeks. At the end of the study, animals were euthanized, body weight, serum
insulin, glucose, glycated haemoglobin, interlukin-6, adiponectin and hematoxylin and eosin
stained sections were investigated.

Diabetes resulted in delayed wound healing, elevated blood glucose, HbAlc, IL-6, reduced
serum insulin and adiponectin, treatment with vardenafil lead to improvement in all tested
parameters.

In conclusion, the phosphodiesterase 5 inhibitor vardenafil can be used for the treatment of
diabetic foot ulcer (DFU) since it is already used for other indications. Further studies are
required to confirm its effects either alone or combined with other antidiabetic therapies.

Keywords: Vasodilators, NO, Phosphodiesterase, Diabetic foot ulcer, adiponectin, IL-6,
wound healing.

symmetric,  sensorimotor  neuropathy

1. INTRODUCTION (Harati, 2007). Clinical symptoms
Diabetes mellitus is an endocrine disorder associated With_DPN inyolve poor gait and
resulting from inadequate insulin release or balance associated with large sensory
insulin  insensitivity (Wrighten et al, fibers ‘and abnormal cold and/or heat
2009). the prevalence of diabetes sensation associated with small sensory
worldwide was estimated to be 2.8 % in fibers. Chronic  pain associated with
2000 and is expected to reach 4.4% in diabetes is represented by hyperalgesia,
2030 (Wild et al., 2004). allodynia, paresthesias, and spontaneous
Diabetic vascular complications are pain (Gooch & Podwall, 2004;Edwards et
currently the principle causes of morbidity ?'-’ .2008)- Symptoms  are descrlbed' as
and mortality in patients with type 1 and tingling, “pins and needles,” burning,
type 11 DM (Khan & Chakrabarti, 2003). itching, and an abnormal sensation to pain
Diabetic peripheral neuropathy (DPN) is and temperature. Over time, these
the most prevalent complication of symptoms may advance from the toes to
diabetes and often manifests as a distal, the foot and up the leg, and these

symptoms may occur in the fingers and
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hands (Zochodne, 2007). When the nerve
gets injured, the patient is at a higher risk
of getting a minor injury without noticing
it until it becomes an ulcer. The risk of
developing foot ulcers in patients with
sensory loss is increased up to seven-fold,
compared to non-neuropathic patients with
diabetes (Wild et al., 2004). Ulceration of
the diabetic foot, either neuropathic or
ischemic, does not occur spontaneously. It
usually follows some form of extrinsic or
intrinsic trauma (Reiber et al., 1999).

Nitric oxide (NO) has beneficial effects on
wound healing, including potentiation of
the clotting process, scavenging of
oxidative stress components, improvement
of angiogenesis, promotion of endothelial
cell proliferation, and tissue remodeling
(Han et al., 2017) .

Several PDE5 inhibitors as vardenafil have
been developed and used as therapeutic
agents, as they increase cyclic nucleotide
levels by blocking PDE function,
enhancing NO-cGMP signalization
(Peixoto & Gomes, 2015)

The present study was designed to
investigate the possible beneficial effect of
vardenafil on the diabetic foot ulcer
induced in rats.

2. MATERIALS and METHODS

2.1. Animals

Adult male Wistar albino rats (150-200g)
were used in this study. Animals were
supplied from national research center
(Dokki, Cairo, Egypt). Experimental
design and animal handling procedures
were according to the guidelines of the
Ethical Committee of the Faculty of
Pharmacy, Zagazig University, for Animal
Use.

2.2. Drugs

Streptozotocin was supplied from (Sigma-
Aldrich, Dorset, UK), vardenafil was
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supplied from Eva pharm (Egypt). The
required dose of each drug was dissolved
in distilled water just before use.

2.3. Induction of diabetes

Rats (150-200 g) were fasted for 12 hours,
then received single intraperitoneal (i.p)
injection of STZ (50mg/kg) dissolved in
ice cold distilled water immediately before
use (Reed et al., 1999). Rats were given
glucose (10%) solution in the day
following STZ injection to avoid acute
hypoglycemia. Rats with non-fasting blood
glucose level between 300 and 400 mg/di
were randomly distributed  between
experimental groups (8 animals each) in
addition to control animals as follow;
Control, Diabetic, Vardenafil-diabetic.

2.4. Experimental design

Vardenafil at 5 mg/kg/day was daily
administered for 8 weeks by oral gavage
after 2 weeks of STZ administration.
Behavior tests were performed for all
experimental groups at 2, 4, 6 and 8 weeks
of the study. On the 5th week of the study,
a wound of fixed size (5 mm) was made in
the dorsal surface of right foot. Initial
wound size was measured on day 1 then
every 3 days to the end of the study.

At the end of the study and 12 h after the
last injection, blood was collected from the
retro-orbital plexus and centrifuged
(3000xg, 4°C, 20 min) to separate serum
that was divided into aliquots and stored at
-20°C for biochemical analysis. For each
animal, the right foot was fixed in 10%
phosphate buffered formalin solution for
histopathological examination.

2.5. Behavioral tests

2.5.1. Hot plat test:

Acute thermal pain was modeled by the hot
plate which is a method designed to
measure thermal analgesia in rodents. The
surface of a hot plate (model XH-2002
premiere slide warmer; Daigger,Vernon
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Hills, IL) was heated to achieve a constant
temperature of 50 (+ 0.5) °C, which was
ascertained using a built-in  digital
thermometer. The time (in seconds)
between the placement of the rats on the
plate and the onset of shaking, paw licking,
and jumping off the plate was recorded as
the response latency. To avoid tissue
damage, 50 seconds was set as the cut-off
time after which the rats were returned to
the cage, regardless of whether or not a
response was observed (Bogo et al., 1981).
2.5.2. The footprint test:
The test was designed to measure latent
motor deficit according to the method
described by (Balkaya et al.,, 2013).
Parameters that were measured using this
test are stride length, gait base width, stride
variability (forepaw/hindpaw overlap). For
each step parameter, three values were
measured from each run, excluding
footprints made at the beginning and end
of the run where the animal was initiating
and finishing movement, respectively. The
mean value of each set of three values was
used in subsequent analysis.
2.6. Wound induction

Wound was induced after 4 weeks of
treatment. On the day of wound induction
(defined as day 0) each rat was
anesthetized with an intraperitoneal
injection of 50 mg/kg thiopental sodium. A
rectangular pattern was marked on the
dorsal surface of the foot using a flexible
transparent plastic template, and then a
layer of skin in full thickness with standard
area of 2 x 5mm was removed and initial
wound size was measured on day 1 then
every 3 days to the end of the study (Lau et
al., 2009).
2.7. Histopathological examination

The right foot was rapidly dissected out
and fixed by immersion in 10% phosphate
buffered formalin solution at room
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temperature.  For  the histological
examinations, paraffin-embedded tissue
sections of foot were stained with

hematoxylin and eosin (H&E) according to
the method described by (Takeo et al.,
1989). Tissue sections were examined
under light microscope at magnification
power x300 and x1200.
2.8. Biochemical analysis
Serum insulin level was assayed by
sandwich ELISA (Millipore, Cairo, Egypt)
which uses microtiter plate coated with
mouse  monoclonal  anti-rat  insulin
antibodies. Serum glucose was determined
by glucose meter (Bionime GmBH) using
noble metal electrode strips. Glycated
hemoglobin ~ was  measured  using
chromatographic spectrophotometric ion
exchange BioSystems S.A.® kits (Costa
Brava 30, Barcelona, Spain). Serum IL6
level was determined by enzyme-linked
immunosorbent assay (ELISA) using IBL-
AMERICA rat IL-6 ELISA Kit. Serum
adiponectin level was assayed by ELISA
using CHEMICON® rat adiponectin
ELISA kit (Chemicon International,
Temecula, CA, USA) that uses microtiter
plate coated with polyclonal antibody-1
specific for rat adiponectin. The assays
were performed in accordance with the
manufacturer’s protocol.
2.9. Statistical analysis

Statistical analysis was carried out
using GraphPad Prism 5.0® software
(Graphpad Software, La Jolla; CA; USA).
Results were expressed as the mean +
standard error of the mean (mean £ SEM).
One-way analysis of variance (ANOVA)
was used for multiple comparison between
groups followed by Newman-Keul’s post
hoc test with level of significance; p<0.05.
Two-way ANOVA followed by Bonferroni
post hoc was used to compare statistical
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difference in behavioral experiments and
wound healing.

3. RESULTS
3.1. Effect of diabetes and treatment
with vardinafil on latency time in
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Diabetes resulted in a significant decrease
in hotplate latency time after 2, 4, 6 and 8
weeks compared to control group. While,
administration of vardinafil to diabetic
animals resulted in significant increase in

hotol _ hotplate latency compared to diabetic
Otplate test: . . group (fig.1).
The hot plate is a method designed to
measure thermal analgesia in rodents.
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Fig. 1: Effect of vardenafil (5mg.kg™) on latency time in hot plate test in diabetes.

3.2. Effect of diabetes and treatment
with vardinafil on foot print test
parameters:

Diabetes resulted in a significant decrease
in gait base after 2, 4, 6 and 8 weeks of
treatment compared to control group.
While, administration of vardinafil to
diabetic animals resulted in significant
increase in gait base compared to diabetic
group (fig. 2a).

In  addition, diabetes resulted ina
significant decrease in intrastep distance
after 2, 4, 6 and 8 weeks compared to
control group, while, administration
of vardinafil to diabetic animals resulted
in significant increase in intrastep distance
compared to diabetic group (fig. 2b).
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Diabetes also resulted ina significant
decrease in left and right leg stride length
after 2, 4, 6 and 8 weeks compared to
control group and this was not changed
following treatment with vardinafil (fig.
2¢ & d).

Diabetes resulted in a significant decrease
in left leg stride variability after 2, 4, 6
and 8 weeks compared to control group,
while, administration of vardinafil to
diabetic animals resulted in significant
increase in left leg stride variability
compared to diabetic group (fig. 2e).
Diabetes resulted in a significant decrease
in right leg stride variability after 2, 4, 6
and 8 weeks compared to control group,
while, administration of vardinafil to
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diabetic animals resulted in significant compared to diabetic group (fig. 2f).
increase in right leg stride variability
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Fig. 2: effect of vardenafil (5mg.kg™) on right leg stride length, left leg stride length,
right leg stride variability, left leg stride variability, gait base and intra-step distance in

diabetes.

3.3. Effect of diabetes and treatment compared to control group. Improvement
with vardenafil on wound healing: in wound healing was observed in diabetic
Diabetes resulted  indelayed  wound animals treated with vardenafil compared
healing on days 5, 9, 13, 17, 21, 25, 29 to diabetic group (fig.3).
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Fig. 3: effect of vardenafil (5mg.kg™) on wound healing in diabetes.

3.4. Effect of diabetes and treatment
with vardenafil on tissue
histopathology:

Figure 4 shows the effect of diabetes and
treatment on tissue histopathology; a
normal rat skin formed of normal
epidermis and underlying dermis with
absence of inflammatory cells and
granulation tissue is shown in figure 4a,
while diabetic rat skin after injury showed
heavy aggregates of inflammatory cells
surrounded by thin-walled vascular spaces
(fig. 4b). Treatment with vardenafil
showed granulation tissue in the dermis
formed of numerous thin-walled vascular
spaces containing red blood cells and
surrounded by increased collagen bands
(fig. 4c).

3.5. Effect of diabetes and treatment
with vardenafil on body weight, blood
glucose, glycated hemoglobin and
insulin levels:

Diabetes resulted in a significant decrease
in body weight compared to control
group. While, administration of vardinafil
to diabetic animals resulted in significant
increase in body weight compared to
diabetic group (fig. 5a).

78

Diabetes resulted in a significant increase
in blood glucose compared to control
group, diabetes also increased HBA1C
compared to control group, On the other
hand, diabetes resulted ina significant
decrease in insulin level compared to
control group, While, administration
of vardinafil to diabetic animals has no
significant effect on blood glucose,
glycated hemoglobin or insulin levels (fig.
5b, c, d).

3.6. Effect of diabetes and treatment
with vardenafil on adiponectine and IL-
6 level:

Diabetes resulted in a significant decrease
in serum adiponectin level compared to

control group, while, administration
of vardinafil to diabetic animals resulted
in  significant increase in  serum

adiponectin level compared to diabetic

group (fig.6a).
On the other hand, diabetes resulted in a
significant increase in IL-6

level compared to control group, while,
administration of vardinafil to diabetic
animals resulted in significant decrease in
IL-6 level compared to diabetic group
(fig. 6b).
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Vardenafil

Fig. 4: effect of vardenafil (5mg.kg™) on tissue histopathology in diabetes.
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Fig. 5: effect of vardenafil (5mg.kg™) on body weight, blood glucose, serum insulin,

HBALC in diabetes.
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Fig. 6: effect of vardenafil (5mg.kg™) on adiponectin and interleukin 6 (IL6) in diabetes.

4. DISCUSSION

The current study is the first to report on
the potential protective effect of
vardenafil on wound healing of diabetic
foot ulceration induced in rats.
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The increased risk of chronic ulcer
formation stems from disruption of the
complex process of wound healing by the
pathophysiological abnormalities
associated with diabetes (Andrews et al.,
2015). In present study, diabetes resulted
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in poor wound healing which is in
agreement with the study of (Gulcan et
al., 2012) which demonstrated the
negative impact of diabetes on healing
rate of streptozotocin-induced diabetic
ulcer on rats skin. Treatment with
vardenafil accelerated the healing rate and
decreased the ulcer area till it became as
equal as control group.

Diabetes affects the three phases of
wound healing; the inflammatory phase
through compromising the immune
system, the proliferative phase through
suppression of collagen deposition and
formation of new vessels (angiogenesis).
and the remodeling phase in which re-
organization of collagen occurs to restore
the tissue structural integrity (Wuyts et
al., 2013). In the present study, diabetes
caused delayed healing in most of the
animals. Furthermore, the skin of healed
ulcers appeared to be abnormal as was
seen with light microscopic examination.
There was also a significant increase in
wound surface area and significant
decrease in each of the epidermal
thickness, colour area percentage of
collagen and vascular area density
compared with the control groups..
Previous studies have reported diminished
proliferative capacity, abnormal
morphology of fibroblasts derived from
diabetic ulcers and impaired fibroblast
migration to wound in diabetic patients
(Sugimoto et al.,, 2013). Another
important impairment to healing of
diabetic wound is lack of migration of
keratinocytes and fibroblasts (Sugimoto et
al., 2013); this would result in reduction
of collagen deposition and delay in wound
healing. Impaired angiogenesis is a
clinically significant problem in diabetic
patients (Bitto et al., 2013), and clinical
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trials indicate that therapies designed to
improve vascularization can improve the
outcomes in patients with severe skin
wounds and diabetic ulcers (Luo et al.,
2004). In the present study, the use of
vardenafil revealed marked improvement
and healing of wounds in most of the
animals. Light microscopic examination
revealed that the newly formed skin was
of normal appearance. There was also a
significant decrease in wound surface area
in addition to the significant increase in all
other parameters (epidermal thickness,
colour area percentage of collagen,
vascular area density) compared with
diabetic group.

Experimental multiple low-doses
streptozotocin (MLD-STZ)-induced
diabetes is characterized by extreme
insulin deficiency as a result of a decrease
in the number of functional [-cells
(Bellenger et al., 2011). The mechanism
by which STZ selectively destroys
pancreatic f-cells is controversial (Otto et
al., 2011a). In present study, a single
intraperitoneal dose of STZ (50 mg/kg)
developed significant increase in blood
glucose level and significant decrease in
serum insulin level. Treatment with
vardenafil improved hyperglycemia and
insulin level but the difference was not
significant compared with diabetic group.
Painful diabetic peripheral neuropathy
(PDPN) is a debilitating condition and has
been shown to affect approximately one-
quarter of patients with type 2 diabetes
mellitus (Malik et al., 2017). Painful DPN
significantly affects multiple measures of
quality of life and is highly associated
with depression, anxiety, and sleep
disturbances (Rosenberg & Watson,
2015). In the present study, diabetes
increased thermal hyperalgesia in hot
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plate test as shown previously (Otto et al.,
2011b). Treatment with vardenafil caused
a significant increase in the time required
for the animal to jump outside the cylinder

indicating improved  pain perception
which suggests prevention of nerve
damage  associated  with  diabetic
neuropathy.

Adaptations in gait and level of walking
activity were identified to affect the
plantar ~ pressure  distribution  and
ultimately the risk of ulceration to the
surviving foot (Kanade et al., 2006).
Footprint test is designed to measure gait
disturbances (Broom et al., 2017). In the
present study, diabetes was associated
with significant change in gait parameters
(intrastep distance, stride length, stride
variability, gait base). Vardenafil
administration caused significant
improvement in intrastep distance, stride
variability, gait base but had no effect on
stride length compared to diabetic group.

Interleukin-6 (IL-6) is a proinflammatory
cytokine secreted by immune cells,
adipose tissue and muscles, and is able to
accelerate or inhibit the inflammatory
processes. Recently, several prospective
studies have associated increased plasma
IL-6 levels with a higher risk of type 2
diabetes. These data suggest that IL6 is an
appealing candidate gene for type 2
diabetes (Qi et al., 2006). Adiponectin,
synthesized by white adipose tissue
improves insulin sensitivity and exhibits
anti-atherogenic, anti-inflammatory and
anti-diabetic properties (Malli et al.,,
2011). In the present study, diabetes
resulted in raised level of IL6 and low
level of anti-inflammatory adiponectin.
This is in agreement with a previous study
which demonstrated that diabetic subjects
with diabetic foot showed higher IL-6 and
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lower adiponectin plasma levels in
comparison  with  diabetics  without
diabetic foot (Tuttolomondo et al., 2010).
Vardenafil administration resulted in
significant increase in serum adiponectin
level and significant decrease in IL-6 level
compared to diabetic animals.

In conclusion, our results have
shown that vardenafil ameliorates diabetic
foot ulceration induced in rats through its
anti-inflammatory action. These actions
were evidenced by suppression of diabetic
ulcerative  process, improved pain
sensation and improvement in wound
healing. Since the tested drug is already
used clinically, so it could be safely
included in diabetic treatment schedule
either alone or with current antidiabetic
therapies after suitable clinical trials are
conducted.
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