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1. Introduction

Erectile dysfunction (ED) is defined as the consistence inability or
difficulty to maintain erections sufficient for satisfactory sexual inter-
course [34]. It is a condition that has been estimated to have affected
about 150 million individuals worldwide [2] and data from the EN-
IGMA study in 2004 suggested that the condition is prevalent in ap-
proximately 17% of all men [14]. Studies have found that ED may be
present in up to half of the male population between 40 and 70 years
old [17]. In the Cologne study of men aged 30–80 years, the prevalence
of ED was 19.2%, with a steep age-related increase from 2.3% to 53.4%
[30,31]. However, basic science research on erectile physiology has
been devoted to investigating the pathogenesis of ED and that has led to
the conclusion that erectile dysfunction is predominately a disease of
neurovascular origin. Its incidence dramatically increases in men with
diabetes mellitus, hypercholesterolemia, and cardiovascular disease.

Loss of the functional integrity of the endothelium and subsequent
endothelial dysfunction plays an integral role in the occurrence of ED.
The decrease in nitric oxide (NO) bioavailability in endothelial dys-
function may be caused by reductions in the enzyme endothelial NO
synthase (eNOS), a lack of substrate or cofactors for eNOS, alterations
in intracellular signaling such that eNOS is not appropriately activated
or uncoupled, or accelerated degradation of NO by reactive oxygen
species (ROS), such as superoxide anion. Nevertheless, it is feasible to
regulate NO biosynthesis in both endothelial and smooth muscle cells of
the penile tissues by controlling the availability of arginine for en-
dothelial nitric oxide synthase (eNOS), while neuronal nitric oxide
synthase could as well be enhanced by the content of aspartic acid
which stimulate the synthesis and release of luteinizing and testos-
terone secretion for penile erection. However, inhibition of arginase is
associated with enhanced non-adrenergic non-cholinergic activities
(NANC) and endothelium-dependent vasorelaxation of human corpus
cavernosum (CC) smooth muscle thereby, suggesting that arginase in-
hibition could increase NO biosynthesis through a NOS-dependent
manner [11].

Furthermore, synthetic phosphodiesterase type-5 inhibitors (iPDE5)
enhance NO activity and are currently the most effective oral drugs for
the treatment of male ED. Moreover, these drugs sometimes induce
myriads of unwanted adverse effects coupled with their associated ex-
pensive cost. Therefore, a search for cheap and potential natural dietary
inhibitors devoid of side effects is highly desirable. On the other hand,
fluted pumpkin seeds are one of the most naturally abundant and
cheapest sources of amino acids and polyphenols while; amino acid
supplements have been reported as a potential component in the
management of erectile dysfunction [12]. This evince is strongest for
arginine and aspartate while compared with other amino acids. This
could be the basic framework for their employment in folkloric medi-
cine to treat male erectile dysfunction [19, 45]. However, the dearth of
information observed on the mechanisms of action involved in their
therapeutic effects has necessitated these findings. Hence, this study
sought to characterize the bioactive constituents of some fluted
pumpkin seeds Cucumeropsis mannii naudin (white melon seed) and
Citrullus lanatus (kalahari) and their interactions with some enzyme
systems implicated in male erectile dysfunction; in order to provide the
biochemical rationale for the use of these seeds in the treatment of male
erectile dysfunction.

2. Materials and methods

Fresh samples of fluted pumpkins seeds white melon and Kalahari
were purchased from an ancient Oja Oba market in Owo Kingdom,
Ondo State Nigeria. Authentication of the seeds was carried out by
Omotayo F. O of the Plant Science and Biotechnology Department, Ekiti
State University, Ado - Ekiti (EKSU) Nigeria (Herbarium numbers:
UHAE. 2016/087 and UHAE. 2016/088) for white melon seed and
Kalahari seeds respectively. The seeds were washed under running tap,
shelled and sun-dried before being powdered for aqueous extraction.
Gas Chromatography (GC-MS) (Bidlingmeyer et al., 1984) and High
Performance Liquid Chromatography-diode array detector (HPLC-DAD)
(Shimadzu, Kyoto, Japan) were used for the amino acids and phenolics
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characterization of the seeds respectively. All chemicals were of ana-
lytical grade purchased from Fisher Scientific (Oakville, ON, Canada).

2.1. Determination of total phenolic content

The total phenolic content was determined according to the method
of [41]. Briefly, appropriate dilutions of the extracts were oxidized with
2.5 ml 10% Folin-Ciocalteau's reagent (v/v) and neutralized by 2.0 ml
of 7.5% sodium carbonate. The reaction mixture was incubated for
40 min at 45 °C and the absorbance was measured at 765 nm in the
spectrophotometer. The total phenolic content was subsequently cal-
culated as gallic acid equivalent.

2.2. Determination of total flavonoid content

The total flavonoid content was determined using a slightly mod-
ified method reported by [32]. Briefly, 0.5 ml of appropriately diluted
sample was mixed with 0.5 ml methanol, 50 μL of 10% AlCl3, 50 μL of
1 M potassium acetate, and 1.4 ml water and allowed to incubate at
room temperature for 30 min. The absorbance of the reaction mixture
was subsequently measured at 415 nm in the JENWAY UV–visible
spectrophotometer; the total flavonoid content was subsequently cal-
culated.

2.3. In vitro antioxidant studies

2.3.1. 1, 1-diphenyl–2 picrylhydrazyl free radical scavenging ability
The free radical scavenging ability of the seed extracts against DPPH

(1,1-diphenyl–2 picrylhydrazyl) free radical was evaluated as described
by Gyamfi et al. [21]. Briefly, appropriate dilution of the extracts (1 ml)
was mixed with 1 ml, 0.4 mM methanolic solution containing DPPH
radicals, the mixture was left in the dark for 30 min and the absorbance
was taken at 516 nm. The DPPH free radical scavenging ability was
subsequently calculated.

2.4. Fenton reaction (degradation of deoxyribose)

The method of Halliwell and Gutterdge [22] was used to determine
the ability of the extract to prevent Fe2+/ H2O2 induced decomposition
of deoxyribose. The extracts 0–100 μL was added to a reaction mixture
containing 120 μL of 20 mm deoxyribose, 400 μL of 0.1 m phosphate
buffer, 40 μL of 500 µm of FeSO4, and the volume were made up to
800 μL with distilled water. The reaction mixture was incubated at
37 °C for 30 min and the reaction was then stopped by the addition of
0.5 ml of 28% trichloro acetic acid. This was followed by addition of
0.4 ml of 0.6% thiobarbituric acid solution. The tubes were subse-
quently incubated in boiling water for 20 min. The absorbance was
measured at 532 nm in a spectrophotometer.

2.5. Copper (Cu2+) chelation assay

Copper chelating ability activity was measured by the methods as
described [44]. To 0.5 ml of CuSO4 (1 mg/ml) was added 0.4 ml of
0.1 M acetate buffer, pH 5.6 and 100 μL of the sample. After 2 min,
250 μL of 4 mM pyrocatechol solution was added. After 10 min the
absorbance of the sample was measured at a wavelength 632 nm
against a control sample containing 0.5 ml CuSO4 (1 mg/ml) and
250 μL of 4 mM pyrocatechol solution. Blank determination was an
acetate buffer at pH 5.6. Copper ion chelating abilities of the seeds were
calculated according to the formular:

= − A% chelation activity [1 (A / )]*100S C Where AS– absorbance of
sample; AC – absorbance of control.

2.6. Fe2+ chelation assay

The Fe2+ chelating ability of the extracts were determined using a

modified method of Minnoti and Aust [33] with a slight modification by
Puntel et al. [38]. Freshly prepared 500 µM FeSO4 (150 μL) was added
to a reaction mixture containing 168 μL 0.1 M Tris-HCl (pH 7.4), 218 μL
saline and the extracts (0− 25 μL). The reaction mixture was incubated
for 5 min, before the addition of 13 μL 0.25% 1, 10-phenanthroline (w/
v). The absorbance was subsequently measured at 510 nm in a spec-
trophotometer. The Fe (II) chelating abilities of the seeds were subse-
quently calculated.

2.7. Arginase activity assay

The rats were scarified by cervical dislocation under mild diethyl
ether anaesthesia and rapidly dissected. Penile tissues were removed
and homogenized in cold phosphate buffer with pH 7.2. The super-
natant which was used as source of the enzymes was prepared by
centrifuging the suspensions for 20 min at 4000 r.p.m in a Kenxin re-
frigerated centrifuge Model KX3400 C. Arginase activity was de-
termined by the measurement of urea produced by the reaction of
Ehrlich's reagent. The reaction mixture contained in final concentration
1.0 mM Tris-HCl buffer, pH 9.5 containing 1.0 mMMnCl 0.1 M arginine
solution and 50 μL of the enzyme preparation in a final volume of
1.0 ml. The mixture was incubated for 10 min at 37 °C. The reaction
was terminated by the addition of 2.5 ml Erhlich reagent (2.0 g of p-
dimethylaminobenzaldelyde in 20.0 ml of concentrated hydrochloric
acid and made up to 100 ml with distilled water). The optical density
reading was taken after 20 min at 450 nm. The control experiment was
performed without the test extracts and the arginase inhibitory activity
was expressed as percentage inhibition [25]. % Inhibition = [(Ab-
sControl – AbsSamples)/AbsControl] × 100

2.8. Lipid Peroxidation Assay

2.8.1. Preparation of Tissue Homogenates
Rats were decapitated under mild diethyl ether anaesthesia and the

penis was rapidly isolated and placed on ice and weighed. This tissue
was subsequently homogenized in cold saline (1/10 w/v) with about
10-up-and-down strokes at approximately 1200 rev/min in a Teflon
glass homogenizer. The homogenate was centrifuged for 10 min at
3000 × g to yield a pellet that was discarded, and a low-speed super-
natant (S1) was kept for lipid peroxidation assay [5].

2.9. Phosphodiesterase type 5 (PDE-5) assay

The phosphodiesterase 5 inhibitory activity of the pumpkin seeds
were tested using the method of Kelly and Butler [26] with slight
modification. The substrate, p-nitrophenyl phenylephosphate (PNPPP
Sigma Aldrich, USA), 55.84 mg were dissolved in 20 ml of Tris buffer
pH 7.4 to produce 5 mM working solution. The substrate, enzyme, and
the extract solution were immersed separately in a water bath at 37 °C
for 10 min to equilibrate. Different concentration of the extracts were
mixed with 100 μL of the enzyme and incubated in a water bath
maintained at 37 °C to allow the extract of the active site of the enzyme.
1 ml of the substrate was subsequently added to the mixture (enzyme
with different concentration of the extracts was left to stand for 30 s,
change in absorbance of each concentration for 5 min was read using
spectrophotometer (Jenway 6305 uv/vis spectrophotometer)) at
400 nm.

2.10. Quantification of phenolic compounds by HPLC-DAD

Sample extracts were separated at a concentration of 10 mg/ml
using a reversed-phase Phenomenex C18 analytical column (4.6 mm ×
250 mm, 5 µm particle size). The mobile phase, consisting phosphoric
acid (0.5%) in Milli-Q water deionized water (A) and methanol (B), was
pumped at 0.5 ml/min into the HPLC system and with injection volume
of 40 μL with the following gradient elution program: 0–2 min, 1–5% B;
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2–10 min, 5–20% B; 10–32 min, 20–45% B; 32–45 min, 70% B; and
45–50 min, 100% B. Subsequently, the B content was decreased to the
initial conditions and for 10 min the column was re-equilibrated (total
run time 50 min) [7]. The extracts and mobile phase were filtered
through 0.45 µm membrane filter (Millipore) and then degassed by
ultrasonic bath prior to use. Stock solutions of standards references
were prepared in the HPLC mobile phase at a concentration range of
0.025 – 0.300 mg/ml for gallic acid, caffeic acid and p-coumaric acid,
and 0.030–0.200 mg/ml for quercitrin, quercetin, rutin, luteolin and
kaempferol. Quantifications were carried out by integration of the
peaks using the external standard method, at 271 nm for gallic acid;
325 nm for p-coumaric and caffeic acids; and 366 for quercetin, quer-
citrin, rutin, luteolin and kaempferol. The chromatography peaks were
confirmed by comparing its retention time with those of reference
standards and by DAD spectra (200–500 nm). All chromatography op-
erations were carried out at ambient temperature and in triplicate. LOD
and LOQ were calculated based on the standard deviation of the re-
sponses and the slope using three independent analytical curves, as
defined by Boligon et al. [7]. LOD and LOQ were calculated as 3.3 and
10 σ/S, respectively, where σ is the standard deviation of the response
and S is the slope of the calibration curve.

3. Amino acids characterization

Modified AOAC Method 982.30, 2006 was followed in the extrac-
tion of the sample for the amino acid analysis. The dried and pulverized
sample was made to be free of water by ensuring constant weight for a
period of time in the laboratory. The sample of 10.0 g was weighed into
the 250 ml conical flask capacity. The sample was defatted by ex-
tracting the fat content of the sample with 30 ml of the petroleum spirit
three times with soxhlet that was equipped with thimble. The sample
was hydrolyzed three times for complete hydrolysis to be achieved. The
amino acid content of the sample was recovered by extracting with
30 ml of the dichloro methane three times before concentrating to
1.0 ml. The concentrated extract was derivatised for volatility that is
suitable for gas chromatography analysis

3.1. Data analysis data analysis

The mean values from triplicate experiments were pooled and ex-
pressed as the mean standard deviation (STD). One way analysis of
variance was used to analyze the results. Tukey's test was used for the
post hoc analysis, and the least significance difference (LSD) was car-
ried out. GraphPad Prism 6 software was used for the analysis followed
by the use of Statistical Package for Social Science (SPSS) 16.0 for
windows. The significance level was taken at P<0.05 [47] and the
IC50 (extract concentration causing 50% enzyme inhibition/antioxidant
activity) was performed using non-linear regression analysis.

4. Results

Seed extracts from White melon and Kalahari inhibited arginase and
PDE-5 activities in a concentration dependent manner (Figs. 1 and 2).
The IC50 values (Table 2) revealed that white melon (IC50 = 4.9 µg/ml)
had higher inhibitory ability than kalahari (6.1 µg/ml) and more so, the
phosphdiesterase-5 inhibitory ability in (Fig. 2) and the IC50 in
(Table 2) revealed a significant (p˂0.05) difference with (52.3 µg/ml)
kalahari having lower inhibitory ability than (50.6 µg/ml) white melon.

Furthermore, Table 1 and Fig. 9 represent the HPLC-DAD analysis of
the phenolic composition of white melon and kalahari. The results
showed the presence of gallic acid (tR = 9.87 min, peak 1), caffeic acid
(tR = 18.36 min, peak 2), p-coumaric acid (tR = 24.05 min, peak 3),
rutin (tR = 29.78 min, peak 4), quercitrin (tR = 44.31 minpeak 5),
quercetin (tR = 37.19 min, peak 6), luteolin (tR = 47.68 min, peak 7)
kaempferol (tR 35.62 min, peak 8), and catechin (tR = 16.59 min, peak
9). Moreover, Table 4 represents the amino acids composition of the
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Fig. 1. Interaction of extracts from some pumpkin seeds with arginase activity on corpus
cavernosum.
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Fig. 2. Interaction of extracts from some pumpkin seeds with phosphodiesterase 5′ ac-
tivity on corpus cavernosum.

Table 1
Phenolics composition of some tropical pumpkin seeds (mg/ml) as revealed by HPLC-
DAD Analysis.

White melon Kalahari Gallic acid

Gallic acid 2.37± 0.02a 0.85± 0.02a

Caffeic acid 0.45± 0.01b 2.43± 0.01b

p-Coumaric acid 2.29± 0.01a 3.76± 0.03c

Rutin 0.46± 0.03b 2.41± 0.01b

Quercitrin 10.81±0.02c 3.05± 0.02d

Quercetin 2.38± 0.01d 3.79± 0.03c

Luteolin 7.19± 0.02d 3.89± 0.02b

Kaempferol 0.67± 0.03e 3.12± 0.01d

Catechin – 0.89± 0.01a

Results are expressed as mean± standard deviations (SD). Averages followed by different
letters differ by Tukey test at p< 0.05.

Table 2
IC50 values for the inhibitions of Arginase and Phosphodiesterase 5̕ activities of white
melon and kalahari on corpus cavernosum (μg/ml).

Sample Arginase PDE 5′

White melon 4.9±1.1c 50.6± 0.1a

Kalahari 6.1±2.2b 52.3± 0.2b

Values represent means of triplicate; values with same letters along the same row are not
significantly (P>0.05) different. PDE-5̕- Phosphodiesterase-5̕.
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seeds as revealed by GC/MS where aspartate and arginine had the
highest amino acids content (Table 2).

The DPPH free radical scavenging ability of the extracts is presented
in (Fig. 3) and their IC50 in (Table 3). The results revealed that the seed
extracts scavenged DPPH* in a concentration-dependent manner.
However, extracts from white melon had the highest scavenging ability
(68.9 µg/ml) compared with the extracts of kalahari with the scaven-
ging abilities of (111.4 µg/ml) at the highest concentration tested. More
so, the hydroxyl radical (OH*) scavenging abilities of the seeds extracts
are presented in (Fig. 4) and their IC50 in Table 3. The results revealed
that the extracts scavenged OH* produced from the decomposition of
deoxyribose in Fenton reaction. Nonetheless, the OH* scavenging
ability (31.2 µg/ml) of white melon extract was significantly higher
(p<0.05) than that of (91.2 µg/ml) kalahari.

The incubation of rat's corpus cavernosum in the presence of Fe2+

caused a significant increased in the MDA content (Fig. 5). Never-
theless, the samples inhibited malondialdehyde production in a con-
centration dependent manner, with (IC50 = 110.9 µg/ml) white melon
having significantly (p<0.05) higher inhibitory ability than (IC50 =
189.4 µg/ml) kalahari. Similarly, the incubation of rat's corpus ca-
vernosum in the presence sodium nitroprusside (SNP) caused a sig-
nificant increase in the MDA content (Fig. 6) with (IC50 = 109.2 µg/ml)
white melon having the highest inhibitory effect on the sodium ni-
troprusside-induced lipid peroxidation.

Furthermore, as shown in Fig. 7 and Table 3, (IC50 = 19.1 µg/ml)
white melon had significantly (p< 0.05) higher CU2+ chelating ability
than (IC50 = 20.2 µg/ml) kalahari. Similarly, Fig. 8 and Table 3 re-
present Fe2+ chelating ability of extracts from the tested seeds. The
result revealed a significant (P<0.05) difference in the chelating
ability of the extracts. However, (38.5 µg/ml) kalahari had lower Fe2+

chelating abilities than (18.3 µg/ml) white melon as revealed by the

IC50 (Table 3).

5. Discussion

The recent identification of some physiologically relevant amino
acids in the management of erectile dysfunction [27] is worthy of ex-
ploration. L-arginine is important in the expression of endothelial nitric
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Fig. 3. DPPH free radical scavenging ability of extracts from some pumpkin seeds.

Table 3
IC50 values for the DPPH and OH* Scavenging abilities, FeSO4 and SNP induced MDA
production in rat's corpus cavernosum in vitro. CU2+ and FeSO4 chelating abilities of
white melon and kalahari (μg/ml).

White melon kalahari

DPPH 68.9±0.9c 111.4±0.9a

FENTON 31.2±0.1c 91.2± 2.4a

MDA inhibiting ability
FeSO4 110.9± 3.7c 189.4±1.9a

SNP 109.2± 1.0b 126.9±1.0b

Metal chelating ability
CU2+ 19.1±2.2a 20.2± 1.1b

FeSO4 18.3±0.1c 38.5± 1.3a

Values represent means± standard deviation of triplicate readings. Values with the same
superscript letter on the same row are not significantly different (p> 0.05).
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Fig. 4. OH* radical scavenging abilities of extracts from some pumpkin seeds.
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Fig. 5. Inhibition of Fe2+ induced lipid peroxidation in rat's corpus cavernosum by ex-
tracts of some pumpkin seeds.
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Fig. 6. Inhibition of SNP induced lipid peroxidation in rat's corpus cavernosum by ex-
tracts of some pumpkin seeds.
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oxide synthase (eNOS) of the corpus cavernosum which promotes nitric
oxide generation [8]. Moreover, previous studies have reported that
dietary L-arginine supplementation as well as acute infusion of L-argi-
nine results in improved nitric oxide (NO) release and increased en-
dothelium-dependent vasodilatation in the corpus cavernosum [20];
this could probably be by augumenting the arginine pool needed by
eNOS as substrate. Therefore, the high arginine content of the selected
tropical pumpkin seeds identifies them as dietary arginine sources; and
this may be responsible in part to the erectile function promoting effect
of the pumpkins as reported in folklore (Fig. 9)

More so, the observed high L-aspartate content of the selected
pumpkin seeds as compared to other amino acids (Table 4) also

suggests possible erectogenic potential. Previous findings have estab-
lished the role of D-aspartic acid in the promotion of erectile function
[43]. D-aspartic acid (D-Asp) is an endogenous amino acid found in the
neuroendocrine tissues (pituitary gland and testes) of vertebrates where
it has a role in the regulation of the release and synthesis of luteinizing
hormone (LH) and testosterone [13]; key factors modulating erectile
function. D-asp is synthesized by a D-aspartate racemase which convert
L-aspartic acid into D-Asp [13]. Hence, dietary source of L-aspartate may
help in enriching the D-aspartate pool, as its high concentration sti-
mulates LH and testosterone. Compelling evidence suggests that tes-
tosterone is involved in the regulation of corporeal expression/activity
of NOS isoforms (eNOS and nNOS), thus maintaining an adequate NO
supply. Studies performed in orchidectomized animals demonstrated
that administration of testosterone or its metabolite 5α-dihy-
drotestosterone restored erectile responses and NOS bioactivity, in-
creasing NO production in corpus cavernosum and penile arteries
[29,40].

Several vasodilators have been implicated in erectile process,
however, nitric oxide (NO) still remain the major vasodilator involved
[28,42]. Nitric oxide (NO) production absolutely depends on the
availability of L-arginine to endothelial nitric oxide synthase (eNOS),
since eNOS shares L-arginine as a common substrate with arginase [8];
thus establishing a critical competition for the available substrates be-
tween arginase and eNOS. Consequenlty, inhibition of arginase activity
has been suggested as a practical therapeutic means for boosting L-ar-
ginine content as substrate for eNOS and ensuring its availability for
eNOS. Hence, the observed arginase inhibitory effect of the selected
tropical pumpkin seeds (Fig. 1 and Table 2) suggests an anti-erectile
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Fig. 7. Cu2+ Chelating ability of extracts from some pumpkin seeds in-vitro.
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Fig. 8. Fe2+ Chelating ability of extracts from some pumpkin seeds in-vitro.

Fig. 9. Representative HPLC–DAD chromatography profile of phenolic constituents of (B) Cucumeropsis mannii naudin and (C) Citrullus lanatus. Peak assignment: (1) gallic acid, (2) caffeic
acid, (3) p-coumaric acid, (4) rutin, (5) luteolin, (6) quercetin, (7) quercitrin, (8) kaempferol and (9) catechin.

Table 4
Amino acid composition of some pumpkin seed extracts as revealed by GC/MS.

Amino Acids Samples amounts (g/100 g)

White melon Kalahari

Glycine 2.38254 3.27133
Alanine 5.16324 2.35199
Serine 2.54555 2.54158
Proline 2.86644 2.34655
Valine 1.43196 2.85824
Threonine 3.47532 1.84888
Isoleucine 4.38583 2.26368
Leucine 4.26095 3.85557
Aspartate 14.23419 7.08283
Lysine 9.20556 1.86174
Methionine 5.33269 1.04466
Glutamate 2.26334 4.62755
Phenylalanine 3.57870 3.27697
Histidine 2.21366 1.28078
Arginine 9.05577 6.86265
Tyrosine 2.40959 1.99547
Cysteine 1.14744 1.23942
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dysfunction property.
Over the years, accumulating evidences has established the role of

arginase in erectile pathology [9]. Previous study has revealed an in-
crease in the arginase activity in the corpus cavernosum induced by
hyperglycemia and aging [39]. As sexual dysfunction is related to en-
dothelial dysfunction and decreased availability of L-arginine, inhibi-
tion of arginase in the corpus cavernosum could be one of the me-
chanisms through which enhanced penile eNOS activity and increase
cyclic guanosine monophosphate (cGMP) levels can be achieved, thus
restoring endothelial-derived nitric oxide vasodilation and erectile
function [6]. Furthermore, the inhibitory effect of the tropical pumpkin
seeds might be related to their phenolic constituents (Table 1); as white
melon with the highest phenolic content had the highest arginase in-
hibitory effect. Meanwhile, previous findings have revealed the argi-
nase inhibitory properties of phenolic compounds and suggest plant
foods as potential sources of arginase inhibitor [3].

In the corpus cavernosum and other penile tissues, the actions of
cGMP are curtailed primarily by phosphodiesterase-5 (PDE-5). PDE-5 is
a critical enzyme of the NO/cGMP signaling which terminate NO-in-
duced cGMP-mediated vasorelaxation, restoring basal smooth muscle
tone and penile flaccidity. Hence, the level of cGMP in the corpus ca-
vernosum is a function of the rate of its synthesis by cyclases and de-
gradation by PDEs. To this end, oral PDE-5 inhibitors (sildenafil citrate,
tadalafil and vardenafil) have been developed and their therapeutic
effect has been widely acclaimed as a practical approach to the man-
agement of ED. PDE-5 inhibitors prolongs the action of cGMP, thereby
amplifying the NO signal [1]. However, these synthetic PDE-5 in-
hibitors come with their known adverse effect which necessitated the
search for more natural alternative with little or no side effects.

As observed from this study, both tropical pumpkin seeds tested
exhibited PDE-5 inhibitory effect (Fig. 2); this is a clear indication that,
their diet therapeutic potential as PDE-5 inhibitors is promising. More
so, previous studies have identified some novel PDE-5 inhibitors such as
phenolics in plant foods [16], and the vasodilating effect of wine-de-
rived phenolic compounds was associated with the inhibition of PDE-5
[15]. Nonetheless, strong associations exist between the PDE-5 in-
hibitory effect of the tropical pumpkin seeds and their phenolic con-
tents/constituents, suggesting that phenolics compounds might be re-
sponsible for their PDE-5 inhibitory action. Inhibition of PDE-5 will
enhance the accumulation of cGMP/cAMP which triggers reduction in
cytosolic Ca2+ levels inducing vasodilating effect and stimulating
erection.

A correlation between ED and endothelial function has been es-
tablished [46], therefore, alteration of the normal functioning of the
endothelial layer of the corpus cavernosum could result in ED. Studies
have shown that endothelial cells are vulnerable to free radical damage
[23,24]; hence, improved antioxidant level could help counteract this
free radical mediated damage to the endothelial cells. Moreover, pre-
vious findings have revealed the role of oxidative stress in the ethiology
of ED and improved antioxidant system would be desirable in the
management of ED. Meanwhile, one practical way to improve the an-
tioxidant status of the body is through the consumption of plant foods
rich in phenolic compounds [36]. This is owing to the fact that ex-
periments have shown that the antioxidant properties of plant foods are
a function of their phenolic contents [10]. And phenolic-rich plant
foods have demonstrated potent antioxidant properties in both in vitro
and in vivo experimental models [35].

Therefore, the strong antioxidant properties of the tropical pumpkin
seeds observed in this study as exemplified by their reducing power,
radical (ABTS˙+, DPPH, and OH) scavenging abilities and their metal
(Cu2+ and Fe2+) chelating properties suggests that they might be good
dietary sources of antioxidant. Quercitrin and luteolin (common phe-
nolics in the pumpkin seeds) have been reported to possess strong an-
tioxidant potentials [37]. Hence, it is probable that quercitrin and lu-
teolin may contribute to the antioxidant activities observed from the
tropical pumpkin seeds. In addition, the observed inhibitory effect of

the pumpkin seeds on some pro-oxidants (Fe2+ and sodium nitroprus-
side, SNP) induced lipid peroxidation in isolated corpus cavernosum
tissue homogenates suggests their protective capability against oxida-
tive stress to the endothelial layer of this tissue, thus preventing the
initiation of ED. Peroxidation of lipid is associated with a loss of
membrane fluidity and an increase of membrane permeability, causing
a decrease in physiological performance [4].

The chemical structure of iron and its capacity to drive a one
electron reaction makes it a key factor in the formation of radicals [18].
Fe2+ takes part in the Fenton reaction to generate OH radical which
could react with important macromolecule or damage critical cell
membrane leading to the pathogenesis of ED. Furthermore, several
reactive oxygen species (ROS) could induce oxidative cell damage and
reduce bioavailability of nitric oxide (NO), culminating in decreased
cGMP levels and impaired cavernosal smooth muscle relaxation. This
could be observed in SNP being an NO releasing drug could rapidly
disintegrate to form NO, which when in excess could rapidly react with
superoxide to produce peroxynitrite, though short-lived but very re-
active radical that could damage several important biologically relevant
macromolecules, thus promoting ED. This, it is suggested that the
ability of the pumpkin seeds to inhibit lipid peroxidation induced by
these pro-oxidants could be through Fe2+ chelation, scavenging of ra-
dicals such as OH radical and peroxynitrite; and this is consistent with
earlier studies where inhibitory effects of plant extracts/constituents
against pro-oxidant induced lipid peroxidation in selected animal tis-
sues was established [36]. Furthermore, Fe2+ chelating ability of some
phenolic compounds have been substantiated in previous studies [36].

Nevertheless, it is worth noting that white melon with the highest
phenolic content/constituents exhibited the highest antioxidant prop-
erties while kalahari with the least phenolic content/constituents had
the least. This is consistent with previous studies that have established
strong correlation between the phenolic contents and antioxidant
properties of plant foods [10]. Furthermore, the metal chelating (Fe2+

and Cu2+) ability of the tropical pumpkin seeds (Figs. 7 and 8) could be
one of the mechanisms underlying the inhibitory effect of these seeds
on key enzymes relevant to ED management. Since most of these en-
zymes use these biologically relevant transition metals in their active
sites as cofactor for catalysis, chelation of these metals by other com-
pounds would elicit an inhibitory effect on the enzyme activity.
Therefore, with phenolics as known metal chelators, it would not be a
coincidence to realize that white melon with the highest phenolic
content/constituents exhibited the highest inhibitory effect on critical
enzymes considered under this study.

6. Conclusion

The inhibitory abilities of these pumpkin seeds on phosphodies-
terase – 5 and arginase present their erectogenic potentials. This could
however, be as a result of the high content of some physiologically
relevant amino acids in addition to their phenolic contents. Therefore,
their erectile promoting benefit could be proposed to be a function of
their phytoconstituents.
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