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Abstract: Aim: Vascular endothelial growth factor (VEGF) is an angiogenic growth factor that plays a critical role
in controlling survival and apoptosis. It is activated by insulin and various growth and survival factors to function in
a wortmannin-sensitive pathway involving PI3 kinase. PTEN (phosphatase and tensin homologue deleted on
chromosome ten) is a major negative regulator of the PI3K/Akt signaling pathway. We sought to investigate the
changes in VEGF signaling in type | diabetes mellitus (DM) induced erectile dysfunction (ED) in rats.
Material/Methods: In total, 16 were divided into 2 groups (n=8/group). Eight of these animals (Group 1) had no
treatment. The remaining 8 of them (Group 2) were injected with alloxan (100mg/kg body weight) to induce DM.
All rats were sacrificed 8 weeks after alloxan induced DM in Group 2. Corporal tissues were harvested and studied
for level of VEGF and cyclic guanosine monophosphate (cCGMP) by enzyme immunoassay assay (ELISA); Levels
of VEGF receptor (VEGFR)-1, VEGFR-2, Akt, phosphorylated Akt, eNOS, and phosphorylated eNOS were
assessed by western blot analysis. Results: VEGF, VEGFR-1, VEGFR-2, Akt phosphorylation, eNOS
phosphorylation, and cGMP were significantly decreased in the corporal tissue of diabetic rats. Conclusions: The
accompanying decrease in cGMP may be a result of VEGF signaling dysregulation and this may have an effect on
erectile function.
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1. Introduction potential changes.
Diabetes mellitus (DM) is one of the major risk

factors for erectile dysfunction. It has been estimated 2. Material and Methods
that 50%—75% of diabetic men have some degree of Animal model.
erectile dysfunction and the incidence of erectile In total, 16 male Sprague-Dawley rats weighing
dysfunction is higher in diabetic men than in age- 200-250g were obtained from Shanghai Slac
matched nondiabetic men [1-2]. Diabetic rat model Laboratory Animal Co Ltd (Shanghai, China). Eight
provide excellent opportunities to explore potential of these animals were selected randomly and treated
mechanisms and therapeutic approaches for human with vehicle (0.1 mol/L citrate-phosphate buffer, pH
erectile dysfunction (ED) [3-11]. The purpose of our 4.5) as normal controls (Group 1). The remainders
current study is to test for changes in VEGF (vascular were injected with alloxan (100mg/kg body weight)
endothelial growth factor) signaling in corporal tissue to induce DM (Group 2). All rats were kept in a
of the diabetic rat. temperature-controlled, air-conditioned animal house

One of the downstream effects of VEGF with a 12-h light-dark cycle and were given free
includes VEGF receptor (VEGFR) dimerization and access to food and water. Seventy-two hours after the
autophosporylation,  the  phosphorylation  and rats were injected with alloxan, the blood glucose
activation of Akt and endothelial nitric oxide level in each rat was monitored at regular intervals
synthase (eNOS), which has been shown to mediate throughout the study and immediately before
VEGF-induced penile erection by further mediating sacrifice. Of the 8 Alloxan-induced rats, those having
activation of Guanosine 3°, 5° -cyclic monophosphate blood glucose levels higher than 300 mg/dL (16.6
(cGMP) [12, 13]. Therapeutic angiogenesis using mmol/L) were selected for the study. Procedures
vascular growth factors has recently been were performed according to the recommendations of
demonstrated to be feasible in animal models with the institutional animal care committee.
diabetic ED [8-10]. However, the expression profile Tissue  procurement,  histological  section
of VEGF signaling in corporal tissue of diabetic rat preparation, protein isolation.

has not been studied. We sought to determine the
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At study termination all rats were deeply
anesthetized with ketamine and xylazine and
penectomy was performed with careful dissection of
the corpora cavernosa from the tunica albuginea
before sacrifice, as previously described. Tissue was
cryoprotected and frozen sections (5pm) were
prepared. Protein lysates were prepared and
concentrations determined by Bradford assay, as
previously described (14, 15).

Measurement of VEGF protein.

VEGF was determined using a solid-state
ELISA system with a Quantikine VEGF ELISA Kit
(R&D Systems China Co. Ltd.), as previously
described (14). At the final step, the optical density
of samples and standards were measured. The
amount of the VEGF protein in each sample was
calculated based on a standard curve.

Assessments of VEGFR-1, VEGFR-2, Akt, p-Akt,
eNOS and p-eNOS.

Western analysis for VEGFR-1, VEGFR-2, Akt,
phosphorylated Akt  (p-Akt), eNOS, and
phosphorylated eNOS (p-eNOS) expression was
performed using methods previously described (15).
Alpha-Tubulin was used as a protein loading control.
The intensity for each band was quantified using NIH
image software based on pixel values. The p-Akt or
p-eNOS density was calculated relative to total Akt
or eNOS giving the p-eNOS/eNOS fraction. The
primary antibodies were purchased from Beijing GBI
Biotechnology Co. Ltd (Beijing, China); all
secondary antibodies were purchased from Beijing
Chief-East Tech Co. Ltd (Beijing, China). The
working concentration for all the first antibodies was
1:1000, and for all the secondary antibodies the
concentration was 1:5000.

Quantitative Determination of cGMP Nucleotides.

Determination of the cyclic nucleotide
concentration was done by using a commercial Kit:
Parameter cyclic GMP Assay kit (R&D Systems
China Co. Ltd.). This method is based on the ELISA,
a competitive immunoassay for the quantitative
determination of the relevant nucleotide in samples.
At the final step, the optical density of samples and
standards were measured. The amount of the
nucleotide in each sample was calculated based on a
standard curve.

Statistical analysis.

Results are expressed as the mean =+ SD. The
mean values were compared using Student’s t test.
P<0.05 was considered statistically significant.
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3. Results
General Data

Of 8 alloxan-induced rats, all had blood glucose
higher than 300 mg/dL with significantly increased
food and water intakes, hyperuresis, and weight loss
compared with the rats in the control group. Body
weight and blood glucose level of the rats are shown
in Table 1.

TABLE 1. Results of Body Weight, Blood Glucose, VEGF, and ¢GMP

{(Group 2 vs. Group 1)

Tnitial 8 Waazks Initicd 8 Weaks VEGF cGMP
Body Body Blood Bload {pg/mg)  (pmolmg)
Weight {g) Weight (80 Glucose  Glucase
(mgidl)  mgidl)
Group 1 22588 38088 75.75¢ 7625+ 413.67 0.01853
+16.88 +21.87 6.01 6.48 +84.53 +0.00445
Group 2 21513 18938 377.75¢ 404 505 202,61 0.00947
+16.50 +16.76 3123 80.07 +11.28 +0.00450
pvalue |p=NS p<0001 p=0.001  p=0.001 p<0.05  P<0.01

Table 1. 8 weeks: 8 weeks after inducing diabetes in Group 2;
VEGF, vascular endothelial growth factor; cGMP, cyclic
guanosine monophosphate

Diabetes mellitus was associated with decreased
vasoreactivities in corporal tissue

The levels of VEGF protein was significant
different between 2 groups (See Table 1, Figure 1).
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Figure 1. VEGF ELISA. There was significant decrease VEGF
expression in diabetic rat. VEGF= vascular endothelial growth
factor; DM=diabetes mellitus; p<0.05*

Diet Induced diabetes mellitus is associated with a
reduction in VEGF downstream protein expression.

There was significant difference in VEGFR-1
(180 KD) or VEGFR-2 (200 KD) protein expression
between 2 groups as detected by western blot. With
respect to VEGFR-1 or VEGFR-2 expression, a 1.54-
fold or 1.43-fold decrease was observed (Group 2 vs.
Group 1; p<0.05 each) (See Figure 2). There was no
difference in total Akt (60 KD) and total eNOS (135
KD) protein expression between 2 groups. However,
the level of Akt phosphorylation at Ser 473 or eNOS
phosphorylation at Ser 1177 was significantly
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decreased. With respect to phospho-Akt or phospho-
eNOS expression, a 1.75-fold or 1.72-fold decrease
was observed (Group 2 vs. Group 1; p<0.05 each)
(See Figure 2).
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Figure 2. Western blotting for VEGFR-1, VEGFR-2, Akt and
eNOS expression. There was significant decrease in Akt and eNOS
phosphorylation. VEGF= vascular endothelial growth factor
receptor; DM= diabetes mellitus; eNOS= endothelial nitric oxide
synthase; p/t = phosphorylated/total; Tubulin =a-tubulin; p<0.05*

Diabetes mellitus is associated with abnormalities in
cGMP expression

The levels of cGMP was significant different
between 2 groups (See Table 1, Figure 3).
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Figure 3. Cyclic GMP ELISA. There was significant decrease
cGMP expression in diabetic rat. cGMP, cyclic guanosine
monophosphate; DM=diabetes mellitus; p<0.01**

4. Discussions

Diabetes mellitus is a major cause of erectile
dysfunction. The purpose of this study was to
determine whether diabetes mellitus would result in
any abnormalities in VEGF signaling in corporal
tissues that is relevant to erectile dysfunction. We
were able to demonstrate changes in Akt and eNOS
phosphrylation, and cGMP level. Many of these
changes are known to be part of pathophysiology of
ED in human.

VEGF binds to one of three VEGF receptors
that lead to  receptor  dimeration and
autophosphorylation.  This activates the enzyme
phoshitidylinosityl 3 kinase (PI13K). PI3K in turn
converts 4, 5-inositylphophate (PI) to 3, 4, 5 PI and
this phosphorylates and thereby activates the protein
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kinase Akt. One of the downstream effects of Akt
activation includes the phosphorylation and
activation of eNOS [13].

Decreased VEGF or VEGF receptor protein
expression in corporal tissue was shown in rats with
diabetes or arteriogenic erectile dysfunction in
limited number of studies [5, 16, 17]; however, it is
not yet well clarified. This study has shown us clear
decrease in the protein levels of VEGF and its
receptors in rats with 8 weeks diabetes. Also, there
follows a decrease in Akt and eNOS activation.
However, we found the changes of Akt and eNOS
were at phosphorylation which is similar to another
study on Type | diabetic rats [7] but different from 3
studies on Type II diabetic rats or Type | diabetic
rats where they found that changes were at total Akt
or total eNOS [5, 6, 17]. So different types or
durations of diabetes may have different effects on
Akt and eNOS changes.

Nitric oxide (NO) is the principal mediator of
arterial dilation and smooth muscle relaxation within
the sinusoids, which bring about tumescence of
penile erectile tissue [1]. The NO-dependent signal
transduction system contains several molecular
targets available for pharmacologic manipulation to
treat ED. The most prominent target identified thus
far is phosphodiesterase 5 (PDE5), which
enzymatically converts the intracellular second
messenger molecule cGMP to its inactive form [18].

Endothelial NOS is an important source to
generate NO and plays an important role in
modulating intracorporal blood flow to maintain
tumescence [3, 4, 7, 12]. In this study, decreased

VEGF led to decreased Akt then eNOS
phosphorylation and finally decreased cGMP
expression.  This  observation advances our

understanding of the mechanisms of diabetes mellitus
induced ED and provides the theoretical basis for the
application of VEGF gene therapy in vasculogenic
ED.
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