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ABSTRACT  
 

Objectives: To investigate the effect of paricalcitrol as a vitamin D analogue on erectile 
dysfunction and on the penile expression of superoxide anion generationand nitric oxide synthase 
(NOS) isoforms instreptozotocin-induced diabetic rats models. 
Methods: Male Sprague-Dawley rats were used in this study. Diabetes was induced by a one-time 
intraperitoneal injection of streptozotocin (60 mg/kg). The rats with blood glucose levels above 300 
mg/dL were selected for the study. The erectile function of the rats was assessed by recording 
frequency of erection after subcutaneous injection of apomorphine (80 ug/kg). Those were divided 
into 2 groups (N = 10 per group): i) EDDM (erectile dysfunction diabetes mellitus) group fed with 
saline and ii) EDDM + paricalcitrol treated group receiving paricalcitrol (0.4 µg/k/day) by 
intraperitoneal injection. 10 animals were used as a control group and received no streptozotocin. 
4 weeks later, the erectile function of the rats was assessed by recording frequency of erection 
after subcutaneous injection of apomorphine (80 ug/kg). Superoxide anion generation and mRNA 
expression of of nNOS and eNOS were evaluated in corpora cavernosum tissue. 
Results: Penile erection, the expression of both nNOS, eNOS generation was significantly 
elevated however the superoxide generation was significantly decreased in paricalcitrol treated 
group compared to diabetic group. 
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Conclusion: Treatment with paricalcitrol for 4 weeks improves erectile dysfunction in diabetic rats 
probably by improving expression of nitric oxide synthase expression and decreasing superoxide 
production. 
 

 

Keywords: STZ rats; erectile dysfunction; nitric oxide synthase and paricalcitrol. 
 

1. INTRODUCTION 
 
Diabetes mellitus (DM) is a metabolic disease 
characterized by hyperglycemic condition 
resulting from damages in insulin secretion 
and/or insulin resistance, and disturbance of 
carbohydrate metabolism [1]. The World Health 
Organization estimates DM affects 220 million 
people worldwide and that number is projected to 
double by 2030 [2]. Erectile dysfunction (ED) is 
one of the most common complications in male 
patients with diabetes mellitus. The prevalence of 
ED is approximately 35–75% in diabetic patients, 
3 times more than that in non diabetics [3]. The 
Pathophysiological mechanism underlying 
diabetes-associated ED is mainly due to 
endothelial dysfunction, which could lead to the 
inability of the endothelium to produce 
vasorelaxing messengers and to maintain 
vasodilation and vascular homeostasis [4]. Nitric 
oxide (NO) is one of the most important 
vasorelaxing messengers in the process of 
erection. NO generated by neuronal NOS 
(nNOS) is considered the main factor responsible 
for the immediate relaxation of corpus 
cavernosum, while NO from endothelial NOS 
(eNOS) is essential for maintaining relaxation [5]. 
Conditions that are associated with reduction of 
nNOS and eNOS levels can cause circulatory 
and structural changes in penile tissues, resulting 
in erectile dysfunction. 
 
Paricalcitrol (19-nor-1,25-dihydroxyvitamin D2) is 
an active, non-hypercalcemic vitamin D analogue 
that shows biological activity similar to vitamin D, 
but has less adverse effects [6]. In addition to its 
primary role in calcium metabolism and bone 
mineralisation, vitamin D and its non-
hypercalcemic analogue paricalcitrol have 
pleiotropic and antioxidant effects on cellular 
homeostasis [7]. 
 
Recently it has been shown that paricalcitrol has 
antioxidant effects on the myocardium [8]. 
Vitamin D therapy also ameliorates oxidative 
stress injury in some experimental models. In 
vitro, vitamin D reduces interleukin (IL)-6 
synthesis and nuclear factor-κB activity, and 
prevents advanced glycation end-product-
induced inhibition of endothelial nitric oxide- 
synthase production [9]. However; the effect of 

paricalcitrol on penile NOS isoform expression 
and/or erectile function in diabetics has not been 
evaluated to date. So the present study was 
done to evaluate the effect of paricalcitrol on 
erectile function as well as the expression of 
NOS isoforms and superoxide production in 
penile tissue of rat model of STZ- diabetic 
erectile dysfunction. 
 

2. ANIMALS AND TREATMENTS 
 
12 weeks old Male Sprague-Dawley rats 
weighing 300-350 g were included in this study. 
The study protocol was approved by the local 
ethics committee for animal experiments, 
Mansoura faculty of medicine. 
 
Overnight fasted rats were injected 
intraperitoneally with a freshly prepared 
streptozocin (STZ, Sigma Chemical Co, St Louis, 
MO, USA) (60 mg/kg) or vehicle (0.130 mol/L 
citrate-phosphate buffer solution, pH 4.5) [10,11]. 
Blood glucose levels were monitored 72 h after 
STZ or vehicle injection, weekly during the whole 
experimental period, and immediately prior to 
euthanasia. Blood samples were obtained by tail 
prick, and blood glucose concentration was 
measured using a blood glucose meter (B. 
Braun, Germany). 72 h later, only rats with 
fasting glucose concentrations (≥ 300 mg/dL) 
were considered in the diabetic group. 4 weeks 
later with free diet, the diabetic rats were 
evaluated for erectile function and those whose 
erectile function decreased significantly were 
considered to be diabetic rats with ED. Those 
rats were randomly divided into 2 groups (N = 10 
per group), i) EDDM group (erectile dysfunction 
diabetes mellitus group) fed with saline and ii) 
EDDM + Paricalcitrol treated group receiving 
paricalcitrol (ZemplarH; Abbott Laboratories, 
Abbott Park, IL) ip at a dose of 0.4 µg /kg per day 
once daily [12]. 10 animals used as a control 
group and received only standard husbandry 
care, 4 weeks later, erectile function was 
evaluated by apomorphine injection. 
 

2.1 Erectile Function Evaluation 
 
Subcutaneous injection of apomorphine was 
used to evaluate erectile function in an animal 
experiment [13]. Briefly the room light was 
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dimmed apart from some indirect light sufficient 
for observation. After a 10 min habituation 
period, rat was injected with apomorphine (80 
ug/kg) subcutaneously in the loose skin area at 
the back of the neck. It was observed for 30 min 
to record frequency of erection. Emergence of an 
engorged glans penis and distal shaft was only 
counted as an erection. 
 

2.2 Tissue Preparation 
 

Rats were anesthetized by intraperitoneal 
injection of 25 mg/kg of pentobarbital, the rat 
penis was amputated. Penis’ skin, subcutaneous 
tissue, and penile bone were carefully removed. 
The corpora cavernosum (CC) was divided into 2 
samples (50 mg for each), which were 
immediately frozen in liquid nitrogen [14]. 
 

2.3 Estimation of Superoxide Anion 
Generation 

 

Superoxide anion generation of the corpora 
cavernosum (CC) was estimated in terms of 
reduced nitroblue tetrazolium (NBT) as     
described in the methodology of Wang et al. [14] 
Briefly y, CC homogenate react with NBT under 
certain chemical condition to form formazan as 
an index of superoxide anion generation. 
Formazan absorbance was determined 
spectrophotometrically at 540 nm. 
 

The quantity of NBT reduction = A × V/(T × Wt × 
ε × l), 
 

Where A is the absorbance of blue formazan at 
540 nm, V is the volume of the solution, T is the 
time period (90 min) during which rings were 
incubated with NBT, Wt is the blotted wet weight 
of the CC, ε is the extinction coefficient of blue 
formazan (i. e., 0.72 l/mmol/mm), and l is the 
length of the light path. The results were reported 
as picomoles / minute /milligram wet weight of 
CC. 
 

2.4 Reverse Transcriptase Polymerase 
Chain Reaction 

 

Total RNA was extracted from the penile tissue 
using a modificationof the method of 
Chomczynski and Sacchi [15]. The RNA 
concentration was determined using 
spectrophotometry (OD 260). 
 

The reverse transcriptase (RT) reaction was 
performed using aQIAGEN one-step RT-
polymerase chain reaction (PCR) kit 
(Hilden,Germany) as previously described [16]. 
One microgram of total RNA was reverse 

transcribed into cDNA using Omniscript RT, 
SensiscriptRT, and primers. The sense primer 
sequence for eNOS was5′- 
TGCACCCTTCCGGGGATTCT-3′ and the 
antisense was 5′- 
GGATCCCTGGAAAAGGCGGT-3′. The sense 
primer sequence for nNOS was 5′-
GGCACTGGCATCGCACCCTT-3′ and the 
antisense was5′-CTTTGGCCTGTCCGGTTCCC- 
3′. Amplifi cation was initiated at 50°C for 30 min, 
followed by 30 cycles consisting of denaturation 
at 94°C for 1 min, annealing at the appropriate 
primer-pair annealing temperature for 1 min, and 
extension at 72°C for 1 min, and then a final 
extension step of 10 min at 72°C. ß-actin (sense: 
5′-TCTACAAT GAGCTGCGTGTG-3′ and 
antisense: 5′-GGTCAGGATCTTCATGAGGT-3′) 
was used as an internal control and standard. 
The RT-PCR products were electrophoresed on 
a 1.5% agarose gel and visualized by staining 
with ethidium bromide. 
 

2.5 Statistical Analysis 
 

Data was expressed as mean value ± SD. 
Comparisons were carried out by analysis of 
variance followed by Tukey’s test for the 
parametric data, blood glucose and body weight 
data were non- parametric and were analyzed 
using Mann-Whitney test, using SPSS for 
Windows (20.0 Version). The differences were 
considered statistically significant when P < 0.05. 
 

3. RESULTS 
 

Table 1 illustrated changes in body weight and 
blood glucose levels of the 3 groups. After 
induction of diabetes, serum blood glucose level 
was measured throughout the study. Both 
diabetic groups showed progressive loss of body 
weight and significant hyperglycemia compared 
to control group, with non statistical changes in 
blood glucose and body weight in paricalcitrol 
treated group. 
 

3.1 Effect of Paricalcitrol on Penile 
Erection 

 
Penile erection was significantly reduced in 
diabetic rats compared to control rats. 
Paricalcitrol treatment significantly increased 
penile erection in diabetic rats (Fig. 1). 
 

3.2 Effect of Paricalcitrol on Penile 
Expression of NOS 

 
Penile expression of both nNOS and eNOS were 
significantly suppressed in EDDM group 
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compared with control group. However, 
Paricalcitrol significantly increased both nNOS 
and eNOS expression (Fig. 2). 
 

3.3 Effect of Paricalcitrol on Penile 
Superoxide Production 

 

Penile superoxide production was markedly 
increased in diabetic ED group as compared to 
control group. Paricalcitrol significantly reduced 
the superoxide production (Fig. 3). 
 

4. DISCUSSION 
 
Normal penile erection is a hemodynamic event 
that is dependent on penile smooth muscle 
relaxation mediated by NO/cGMP signaling, 
parasympathetic neurotransmission and other 

regulatory factors [17]. DM may lead to ED by a 
number of pathophysiological events including 
neuropathy, endothelial dysfunction, decreased 
bioavailability of nitric oxide, increased oxidative 
stress, disturbances in intracellular signal 
transduction, and activation of advanced 
glycation end products (AGEs) [18]. 
 
The current study demonstrated that erectile 
function and penile expression of NOS mRNA 
are markedly suppressed in diabetic rats 
compared with control rats and that ED and 
expression is markedly elevated by paricalcitrol 
treatment. Also, Penile superoxide production 
was markedly increased in diabetic ED group as 
compared to control group, paricalcitrol 
significantly reduced That superoxide    
production. 

 
Table 1. Changes of body weight and plasma glucose of the 3 groups 

 

Group Pre STZ injection 4 weeks 8 weeks 

Body weight (gm) 
control 320+23 390+25* 430+33* 
EDDM 310+21 250+20* 190+13* 
Paricalcitrol treated 340+21 300+29* 310+30* 
Blood glucose mg/dl    
control 103+8 108+5 112+5 
EDDM 109+6 350+22 * 450+45* 
Paricalcitrol treated 114+9 320+18* 390+51* 

*significant statistical difference (p < 0.05) from the control 

 

 
 

Fig. 1. Effect of paricalcitrol on erectile function in diabetic ED rats: Erectile function was 
evaluated in a penis erectile experiment with apomorphine 

Mean ± SD, *P < 0.05, vs. corresponding control rats; # P < 0.05, vs. corresponding EDDM group 
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Fig. 2. Effect of paricalcitrol on NOS mRNA in diabetic ED rats: Densitometry and statistics of 
NOS mRNA (ratio to-B-actin) in the corpus cavernosum of the control group, EDDM group and 

EDDM group treated with paricalcitrol 
Mean ± SD, *P < 0.05, vs. Corresponding control rats; # P < 0.05, vs. corresponding EDDM group 

 

 
 

Fig. 3. Effect of paricalcitrol on superoxide production in diabetic ED rats: Superoxide 
production was evaluated in corpus cavernosum by measuring level of NBT (pmol/min/mg 

protein) 
Mean ± SD, *P < 0.05, vs. Corresponding control rats; # P < 0.05, vs. corresponding EDDM group 

 
The elevated penile expression of NOS mRNA 
with improved erectile function is in agreement to 
that reported in the penis of type 1 diabetic 
animals where a selective nitrergic degeneration 
has been demonstrated with loss of nNOS in the 
nerve fibers [19,20]. Also [21], reported that 
activated VD stimulates the production of NO in 
endothelial cells and NO synthases which 
catalyze the production of NO from L-arginine. 

Earlier research in the USA showed that low 
serum VD levels were associated with higher 
prevalence of peripheral arterial disease [22]. 
Likewise, in a very recent cross-sectional 
analyses (3,390 men aged >20 years, free of 
ASCV disease) it has been also reported that 
vitamin D deficiency (VDD) was associated with 
an increased ED prevalence [23]. It was also 
reported that VD receptor mutant mice are 



 
 
 
 

Shalaby et al.; JAMMR, 26(12): 1-9, 2018; Article no.JAMMR.41829 
 
 

 
6 
 

characterized by lower bioavailability of the 
vasodilator NO. It was demonstrated that VD is a 
direct transcriptional regulator of eNOS [24]. This 
may clarify why endothelium derived, and NO- 
evoked dilation is reduced nearly 50% in arteries 
from VD deficient male rats, that explains the 
high prevalence of ED among VD deficient 
patients [25]. 
 
The improved ED may be explained by the fact 
that, Vitamin D as a potent steroid hormone 
which is positively correlated with testosterone, 
exhibits a concordant seasonal fluctuation[38]3, 
and elevates when testosterone is supplemented 
in androgen deficient men [26]. Amazingly, the 
reverse situation is also true, suggesting that                
VD supplementation might increase testosterone 
levels [27]. Although such a possible   
association between serum VD and testosterone 
has been reported, conflicting findings still exist 
[28]. 
 
Vitamin D supplement may protect the cells 
through suppressing inflamatory factors and 
alleviating apoptosis, as well as upregulating the 
expression of genes related to reproduction and 
testosterone synthesis. Vitamin D also played               
a protective role against testicular damage 
induced by diabetes, and the possible 
mechanism might be effective through 
attenuation of inflammation and inactivating 
caspase cascade [29]. 
 
Andress [30] reported that, the selective vitamin 
D receptor activation agents including 
paricalcitrol are reported to have anti-
inflammatory and antithrombotic effects, and 
could inhibit vascular smooth muscle cell 
proliferation, and vascular calcification and 
stiffening, and could regress left- ventricular 
hypertrophy. Which may explain improved ED 
after paricalcitrol treatment. 
 
In the present study an increased superoxide 
concentration is in agreement with previous 
study [31] and the superoxide production by 
vascular tissues and its interaction with NO might 
generate the powerful oxidative and highly toxic 
peroxynitrite radical. Therefore; an increased 
superoxide introduces the concept of oxidative 
neurodegeneration in the pathophysiology of 
arteriogenic ED [32]. 
 
The reduced superoxide production in response 
to paricalcitrol could be explained The increased 
levels of superoxide dismutase (SOD) and 
reduced glutathione (GSH) following preclinical 

findings with this selective VDR agonist. Since 
both GSH and SOD are the main contributors to 
cellular redox homeostasis, it is rather relevant 
that paricalcitrol treatment seemed to increase 
the levels of these ROS scavengers, [33]. 
Paricalcitrol also has shown a protective effects 
against oxidative stress in the cardiac tissue of 
uremic rats, through inhibition of NADPH oxidase 
activity [8], An increasing evidence shows the 
prevalent role of vitamin D signaling pathways               
in redox homeostasis and cardiovascular       
disease prevention [34-37]. Moreover, a          
recent clinical report indicated that intravenous 
calcitriol, as a Vitamin D receptor agonist 
(VDRA), reduces oxidative stress in hemodialysis 
patients [35]. 
 
The antioxidant effect of paricalcitrol is further 
observed with the reduction of carbonyl groups 
and nitrites. The latter may be due to a 
previously described down regulation of eNOS 
and iNOS activity, which would respond both to 
an antioxidant and anti-inflammatory effect of 
VDR activation [38,39]. 
 
The induction pathway of many antioxidant 
molecules by paricalcitrol remains unknown, and 
further exploration of their signaling pathways 
could provide more information on the different 
paricalcitrol mechanisms of action. However, in 
vitro paricalcitrol treatment is consistent with the 
increase in other components of the antioxidant 
arm. The altered NOS function and NO 
bioavailability has been mostly attributed to 
vascular superoxide production [40]. 
 
Furthermore, hyperglycemia is recognized as a 
primary cause in the pathogenesis of the 
endothelial dysfunction of the vasculature in DM 
[41], and glycemic controle displayed a 
significant lower incidence of ED in diabetic 
patients [42], paricalcitrol could be beneficial as 
an adjuvant theraby with antidiabetic drugs to 
control hyperglycemia and prevent ED 
associated with DM. 
 

5. CONCLUSION 
 
Paricalcitrol may have a potency to improve the 
erectile function in streptozotocin-induced 
diabetic rat erectile dysfunction model. 
Paricalcitrol could produce notable clinical 
benefits for ED, especially of diabetic origin. 
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