Toxicology Reports 10 (2023) 633-646

Contents lists available at ScienceDirect

toxicology

Toxicology Reports

reports

journal homepage: www.elsevier.com/locate/toxrep

ELSEVIER

L)

Check for

Downregulation of inflammatory erectile dysfunction by Mantisa religiosa  |%&s
egg-cake through NO-cGMP-PKG dependent NF-kB signaling cascade
activated by mixture of salt intake

J.K. Akintunde ™ , M.C. Olayinka® V.C. Ugbaja®, C.A. Akinfenwa?, T.E. Akintola?,
A.J. Akamo?, 1.J. Bello”

& Molecular Toxicology and Biomedical, Department of Biochemistry, College of Biosciences, Federal University of Agriculture, Abeokuta, Nigeria
b School of Applied Sciences, Adeyemi Federal University of Education, Ondo, Nigeria

ARTICLE INFO ABSTRACT

Handling Editor: Prof. L.H. Lash We hypothesized whether 10% praying-mantis-egg-cake (10% PMEC) can be applied against inflammatory-
erectile-dysfunction and whether it could be linked to NO-cGMP-dependent PKG signaling cascade. Ninety
male albino-rats were randomly distributed into nine (n = 10) groups. Group I was given distilled water. Group II
NaCl . and III were pre-treated with 80 mg/kg NaCl and 75 mg/kg MSG, respectively. Group IV was pre-treated with 80
ﬁgnﬁsoil;:tigsl?ai?:e mg/kg NaCl + 75 mg/kg MSG. Group V was administered with 80 mg/kg NaCl+ 3 mg/kg Amylopidin. Group VI
EreZtilg dysfunctigogn was given 80 mg/kg NaCl + 10% PMEC. Group VII was treated with 75 mg/kg MSG + 10% PMEC. Group VIII
Rat model was treated with 80 mg/kg NaCl+ 75 mg/kg MSG + 10% PMEC. Group IX was post-treated with 10% PMEC for
14 days. Penile PDE—51, arginase, ATP hydrolytic, cholinergic, dopaminergic (MAO-A) and adenosinergic (ADA)
enzymes were hyperactive on intoxication with NaCl and MSG. The erectile dysfunction caused by inflammation
was linked to alteration of NO-cGMP-dependent PKG signaling cascade via up-regulation of key cytokines and
chemokine (MCP-1). These lesions were prohibited by protein-rich-cake (10% PMEC). Thus, protein-rich-cake
(10% PMEC) by a factor of 4 (25%) inhibited penile cytokines/MCP-1 on exposure to mixture of salt-intake
through NO-cGMP-PKG dependent-NF-¢B signaling cascade in rats

Keywords:

1. Introduction monosodium glutamate (MSG), used as a condiment in several parts of

the world [3]. Humans are apparently exposed to salt intoxication (NaCl

Salt intake are often resulting into salt poisoning or intoxication from
the excessive intake of sodium chloride [1] either in solid form or in
solution (saline water). Salt poisoning is frequently found in children or
infants [2] who consume excessive amounts of table salt. Also, too much
salt intake in adults occur from drinking of sea water or soy sauce [2].
The major source of sodium in our diet is salt. It also comes from

and/or MSG) from processed foods such as ready meals, processed meats
like bacon, ham, salami, cheese, salty snack foods and instant noodles.
NaCl/or MSG may also be consumed in large amount when added to
food during cooking (bouillon, stock cubes) or at the table (meat and fish
sauce). Short-term consumption of high amounts of salt causes water
retention, mild high blood pressure, excessive thirst, hypernatremia and

Abbreviations: ACh, acetylcholine; AChE, acetylcholine esterase; ADA, adenosine deaminase; ADP, adenosine diphosphate; AMP, adenosine monophosphate; ATP,
adenosine triphosphate; BSA, bovine serum albumin; BuChE, butyrylcholine esterase; cAMP, cyclic guanosine monophosphate; cGMP, cyclic guanosine mono
phosphate; COX-2, cyclooxygenase-2; CSIF, cytokine synthesis inhibitory factor; DAB, 3,3 diaminobenzidine; Ecs, endothelial cells; ED, erectile dysfunction; ELISA,
enzyme-linked-immuno-sorbent assay; eNOS, endothelial nitric oxide synthase; GC, guanylate cyclase; HIF-1, hypoxia inducible factor-1; HOCI, hypochlorous acid;
IED, inflammatory erectile dysfunction; IL-10, interleikin-10; IMED, inflammatory mediated erectile dysfunction; iNOS, inducible nitric oxide synthase; MAO-A,
monoamine oxidase-A; MCP-1, monocyte Chemoattractant Protein-1; MSG, monosodium glutamate MSG; NacCl, sodium chloride; NF-kB, nuclear factor-kappa f;
nNOS, neuronal nitric oxide synthase; NO, nitric oxide; NOS, nitric oxide synthase; NTPDase, econucleotidase; p53, tumor suppressor gene; PDE-5}, phosphodies-
terase-5'; PKG, protein kinase G; PMEC, protein mantis egg cake; PNPP, para nitrolphenyl phosphate; SLE, systemic lupus erythematous; TBA, thiobarbituric acid;
TBARS, thiobarbituric reactive substance; TCA, trichloroacetic acid; TNF-«, tumor necrotic factor-a.
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Table 1

Salt mixture exposed group and cake formulation for control and treated group.
Treatment Control NaCl MSG NaCl+MSG NaCl+-AML NaCl+PMEC MSG-+PMEC NaCl+MSG+PMEC PMEC
Corn oil 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Vitamin- premix 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Sucrose 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Corn starch 69.0 69.0 69.0 69.0 69.0 20.0 20.0 20.0 20.0
Casein 16.0 16.0 16.0 16.0 16.0 55.0 55.0 55.0 55.0
PMEC - - - - - 10.0 10.0 10.0 10.0
Total (8) 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Protein ratio 1.0 1.0 1.0 1.0 1.0 4.0 4.0 4.0 4.0

restlessness [4]. Also, exposure to salt-rich diets for the long term
increased high blood pressure, mental health problems, aging and
stomach cancer [5,6]. Significantly, individuals with health conditions
like heart failure, liver or kidney disease and endothelial dysfunction
may experience fatal effects on exposure to salt overdose or low dose for
a long-term. This forms the basis for selecting the mixture of salt
(NaCl/or MSG) in the study.

The endothelial cells (ECs) of blood vessels mediates osmo-
regulation by balancing production of vasodilators such as nitric oxide
(NO) and vasoconstrictors [7, 8, 9]. Penile erection occurs with the
release of NO from vascular endothelial cells [10]. Additionally, the
metabolic role of endothelium in erectile function showed that the
phosphodiesterase type 5 (PDE-5') inhibitors could enhance erectile
function [11], while L-arginine is a powerful inhibitor of all the three
types of NOS [12]. We hypothesized that low level of NO with corre-
sponding up-regulation of PDE-5' enzyme may be mediated by mixture
of salt intoxication to decrease penile blood flow.

Globally, erectile dysfunction (ED) is a highly prevalent disorder that
affects approximately 50% of men above 40 years [13]. Specifically,
epidemiological finding demonstrated that the prevalence of ED ranged
from 2% to 9% in men aged 40-49 years, 20-40% in men aged 60-69
years while, it affects all the men above 70 years [14]. Recent studies
reported that inflammation plays a critical role in ED and progresses into
inflammatory erectile dysfunction (IED) [15, 16, 17].

Cytokines are constitutively produced by white blood cells in
response to inflammatory stimuli [18]. Nuclear factor-kappa B (NF-kB)
can also trigger the progression of inflammatory erectile dysfunction,
hypertension and cardiovascular diseases [19,20]. Multiple dissimilar
signaling cascades can cause the activation of NF-kB, including protea-
some independent pathways [21]. However, we postulated that
protein-rich-cake (PMEC) by a factor of 4, prepared from Mantisa reli-
giosa egg may be a promising therapy for inflammatory erectile
dysfunction (IED).

Mantisa religiosa egg is a secreted liquid substance by female insect
known as praying mantis egg (PMEC). PMEC was used against chronic
cough, pulmonary dysfunction, and prevention of congested blood
vessels with evidence of clearways and absence of pulmonary emphy-
sema in animals [22]. It has antioxidant, anti-microbial and
anti-inflammatory potential [23,24]. PMEC is most effective agent for
enhancing protein content and lowering the cadmium accumulation in
muscular and bone tissues of African catfish [25]. It is an inhibitor of
myloperoxidase activity which catalyzes the formation hypochlorous
acid (HOCI), one of the major steps in biosynthesis of ROS and oxidative
stress [25]. The beneficial effects of PMEC had been attributed to its
constituents including phenols, carotenoids, flavonoids and micro-
nutrients [22]. However, the potentials of PMEC may also be attributed
to the other mechanisms independent of pulmonary dysfunctions. It may
increase NO bio-availability and provide stability to vascularized blood
flow. Therefore, we postulated that cake formulated with praying mantis
egg (PMEC), with protein-rich by factor of 4 (25%), may reduce IED on
exposure to NaCl/MSG in rat model. It was also examined whether
PMEC could promote penile erection through NO-cGMP-PKG and NF-xB
signaling pathways.
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2. Materials and methods
2.1. Chemicals and reagents

Adenosine triphosphate (ATP), adenosine diphosphate (ADP),
adenosine monophosphate (AMP), acetylcholine iodide, adenosine,
butyrylcholine iodide and para nitrolphenyl phosphate (PNPP) were
obtained from Sigma-Aldrich Inc, (St Louis, Missouri, USA). Other
chemicals and reagents used for the experiments were of analytical
grade.

2.2. Animal treatment and experimental design

Following acclimatization for 2 weeks, ninety male Wistar rats
weighing 200-250 g were purchased and housed in a well aerated
plastic cages. They were all allowed to have free access to commercial
feed and water as well as 12 — hour light/dark cycle. The handling of the
animals followed the institutional guidelines for animal use, care and
research [26], while the Biochemistry Departmental Board of Examiner
of Federal University of Agriculture, Abeokuta, Nigeria approved the
research protocol. The experimental approved number of the researcher
is 2015/0869. However, the animals were arbitrarily grouped into 9 (n
= 10), and treated as sketched below:

e Group I (control) served as the untreated control, and was fed with
normal diet for 14 days.

Group II (NaCl only) was exposed to 80 mg/kg NaCl for 14 days, and
was fed with normal diet for 14 days.

Group III (MSG) was exposed to 75 mg/kg MSG for 14 days, and was
fed with normal diet for 14 days.

Group IV (NaCl + MSG) was exposed to mixture of 80 mg/kg NaCl +
75 mg/kg MSG for 14 days and fed with normal diet for 14 days.
Group V (NaCl + AML) was exposed to 80 mg/kg NaCl for 14 days
and post-treated with 3 mg/kg Amlodipine for 14 days, and was fed
with normal diet for 14 days.

Group VI (NaCl + PMEC) was exposed to 80 mg/kg NaCl for 14 days
and was post-treated with protein-rich cake (10% PMEC) by a factor
of 4 for 14 days.

Group VII (MSG + PMEC) was exposed to 75 mg/kg MSG for 14 days
and post-treated with protein-rich cake (10% PMEC) by a factor of 4
for 14 days.

Group VIII (NaCl + MSG + PMEC) was exposed to 80 mg/kg NaCl +
75 mg/kg MSG for 14 days and post-treated with protein-rich cake
(10% PMEC) by a factor of 4 for 14 days.

Group IX (PMEC only) was post-treated with protein-rich cake (10%
PMEQ) by a factor of 4 for 14 days.

2.2.1. Cake formulation and dose selection

We selected the dose of protein-rich cake (10% PMEC) using our
previous study [22]. Additionally, we hypothesized that ingestion of
protein-rich cake by a factor of 4 (25%) may be applied to manage
erectile dysfunction. To realize this estimation, we formulated the
normal diet with the following constituents: casein — 16 g, corn oil — 10
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Primer sequences of p53, TNF-a, IL-10, HIF-1, MCP-1 and B-actin genes for Reverse Transcription (RT) PCR.

Gene Forward primer 5’ — 3’ Reverse primer 5’ — 3’ Product length
P53 CAGCTGTGGGTTGATTCCAC CTGGGGACCCTGGGCAAC 176 bp

TNF-a ATGAGCACTGAAAGCATGATCCGG GCAATGATCCCAAAGTAGACCTGC 695 bp

IL-10 AAGGCAGTGGAGCAGGTGAA CCAGCAGACTCAATACACAC 440 bp

HIF-1 TGCTTGGTGCTGATTTGTGA GGTCAGATGATCAGAGTCCA 672 bp

MCP-1 GTGCTGACCCCAATAAGGAA TGAGGTGGTTGTGGAAAAGA 185 bp

p-actin GGGTCAGAAGGATTCCTATG CTAGAAGCATTTGCGGTGGAC 1000 bp

g, sucrose — 2 g, vitamin premix — 3 g, and corn starch — 69 g (Table 1).
While, the protein-rich cake (10% PMEC) by a factor of 4 contains casein
- 55 g, corn oil - 10 g, sucrose — 2 g, vitamin premix — 3 g, corn starch —
20 g and PMEC - 10 g (Table 1). Basically, cake was formulated to
contain 10% protein with casein, taking into cognizant the crude protein
content of PMEC. For example, the quantity of casein necessary to obtain
10% protein in the cake was calculated from the following equation:

100 x 10.

Y.

However, the protein ratio of normal diet and 10% PMEC, respec-
tively was considered as 15 g: 60 g (1: 4). Also, doses of 80 mg/kg NaCl
[27] and 75 mg/kg MSG [28] were selected for this study. Amlodipine 3
mg/kg (vasodilator drug) was intubated using the technique of Yama-
naka et al. [29].

2.3. Preparation of penile homogenate

The penile tissues were carefully excised into 10 volumes of 0.1 M
phosphate buffer, pH 7.4 on ice, after sacrificed by cervical dislocation.
The penile tissues were homogenized and centrifuged at 10,000 rpm for
15 min at 4° C by electrically driven homogenizer. Then, the collected
supernatants were transported into a pre-chilled Eppendorf tube, which
was kept at 4° C until analysis. And, we quantified the protein content by
the method of Coomassie blue [30] using bovine serum albumin (BSA)
as standard.

2.4. Bioassays

2.4.1. Lipid peroxidation

Penile lipid peroxidation was measured as malondialdehyde (MDA)
using the method of Ohkawa et al. [31] and expressed as nmoles MDA/
mg protein.

2.4.2. Assay of NO as a marker of NO synthesis
Penile NO level was assessed following the method of Miranda et al.
[32] and expressed as uM/mg protein.

2.4.3. Phosphodiesterase-5’ (PDE-5’) activity determination

Penile phosphodiesterase-5’ activity was determined by the protocol
of Thompson and Appleman [33]. A 100 pl of penile tissue was
measured into 800 pl of 125 mM Tris-Base Buffer (pH 7.4) and incubated
at 37 °C for 10 min. Then, 100 pl of para nitrophenyl phosphate (PNPP)
as substrate was added to the reacting mixture. The resulting mixture
was read at optical density of 400 nm and expressed as PDE-5! activi-
ty/min/mg protein.

2.4.4. Determination of ATPase, ADPase and AMPase activities

The activities of ATPase and ADPase were assessed as described by
Schetinger et al. [34], while the AMPase activity was determined
following the method described by Heymann [35]. The reaction mixture
was pre-incubated at 37 °C for 10 min. The reaction was initiated by the
addition of ATP or ADP or AMP to obtain a final concentration of 1.0 mM
and incubation proceed for 20 min in either case. Reaction was stopped
by the addition of 200 mL of 10% trichloroacetic acid (TCA) to obtain a
final concentration of 5%. The 5'-nucleotidase (AMPase) activity was
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determined in a reaction medium containing 10mMMgSO4 and 100 mM
Tris-HCI buffer, pH 7.5, in a final volume of 200 pl. The released inor-
ganic phosphate (Pi) was measured at 700 nm and enzyme activities are
reported as nmol Pi released/mg of protein.

2.4.5. Adenosine deaminase activity determination (ADA)

Penile ADA activity was estimated using the protocol described by
Guisti and Galanti, [36]. A 50 pl of enzyme preparation reacted with 21
mmol/1 of adenosine, pH 6.5, and was incubated at 37 °C for 60 min. The
results were expressed in units per mg protein (U/mg protein). One unit
(1 U) of ADA is defined as the amount of enzyme required to release 1
mmol of ammonia per minute from adenosine under standard assay
conditions.

2.4.6. Determination of acetylcholine esterase (AChE) and butyrylcholine
esterase (BuChE) activities

Penile AChE and BuChE activities were estimated by the method of
Perry et al. [37]. Concisely, 100 pl of 3.3 mM 5,5-dithio-bis(2-nitroben-
zoic) acid (DTNB) in 0.1 M phosphate buffer pH 8.0 was mixed with 100
pl of penis supernatant, followed by addition of 500 pl of phosphate
buffer (pH 8.0), and incubated for 20 min at 25 °C. Afterward, ace-
tylthiocholine iodide (100 pl of 0.05 mM solution) was mixed as the
substrate and AChE activity was quantified by measuring the changes in
optical density at 412 nm. The calculated results were expressed as
AChE activity/min/mg protein and BuChE activity/min/mg protein,
respectively.

2.4.7. Monoamine oxidase-A (MAO-A) activity determination

Penile MAO-A activity was estimated using benzylamine as substrate
[38]. Reaction mixture contained 100 mmol phosphate buffer of pH 7.4,
200 um benzylamine and 0.4 mg/mL of homogenate. The final volume
of the reaction mixture was 250 pl. Mixtures were incubated at 37 °C for
1 h and cooled on ice. 500 pl of distilled water, 250 pl of 10% ZnSO4 and
50 pl of 1 mol NaOH were heated for 2 min, cooled on ice and centri-
fuged (1000g for 10 min). The supernatant was diluted (by 5x) with 1
mol NaOH, while the absorbance was read at 450 nm. The result was
expressed as MAO-Aactivity/mg protein.

2.4.8. Examination of penile histopathology

The penis was placed in 4% para-formaldehyde at 4° C for 48 h. After
dehydration, transparency, paraffin immersion and paraffin embedding,
the penis was sliced along the median anteroposterior axes at a thickness
of 6 ym. The section was stained with hematoxylin and eosin for
morphological observation and defining positions. Sections were read
and images were captured using microscope.

2.4.9. ELISA of penile necrotic factor Kappa-§ (NF-kB)

Penile NF-kB was quantified using ELISA kit (Cusabio Biotech. Ltd,
USA) and expressed as U/1.
2.5. Isolation of RNA

Total RNA was extracted from the penile homogenate using tissue
TRIzol RNA extraction kit (Invitrogen Life Technologies, USA).
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Fig. 1. Effect of PMEC on penile malonaildehyde [(MDA) (graph A)] and penile NO levels (graph B) in rats exposed to mixture of sodium chloride (NaCl) and
monosodium glutamate (MSG). Results are expressed as mean + SEM (n = 10). Bars with different letters are significantly different at * p < 0.05, bp < 0.05,
c

p < 0.05.

2.5.1. Real-Time PCR analysis of penile TNF-a, p53, HIF-1 and MCP-1

The isolated RNA was subjected to RT-PCR analysis according to the
manufacturer’s instructions. Total RNA was reverse transcribed using
RevertAid™ First strand cDNA synthesis kit (Thermo Fisher Scientific,
USA) as per specific primers (Table 2) for p53, TNF-a, HIF-1, MCP-1 and
B-actin (as a reference gene). Each sample was run in 25 pl reaction
mixture. The 25 pl reaction mixture contained 12.5 pl SYBR Green
master mix, 0.5 pl from 10 pmol working solution of gene specific for-
ward and reverse primers, 1 pl cDNA and the volume was made up to 25
pl with Nuclease free water. The RT-PCR reaction was started with initial
incubation at 94° C for 15 min followed by 40 cycles amplification with
denaturation at 94° C for 30 s, annealing at 60° C for 30 s and extension
at 72° C for 2 min for each cycle in a thermal cycler (Bio-rad™ MJ
Minicycler). The amplified products were resolved by gel electropho-
resis (Bio-radTM submarine elctrophoresis) on 1.5% agarose and visu-
alized by ethidium bromide (0.5 pg/mL). Images of the RT-PCR
ethidium bromide stained agarose gel was obtained using Alphalm-
ager™ Gel Documentation, USA. Quantification of the results was done
by measuring the optical density of the labelled bands, using the B
computerized Alpha View Software (USA). The intensities of the bands

>

Penile
Arginase activity
Img protein

of the genes were normalized relative to that of p-actin bands. p-actin
acted as control for sample to sample variations in reverse transcription
and PCR condition. Each RT-PCR was repeated twice and representative >
results are shown. > -g
2355
=8 ;
2.6. Statistical analyses oW E
we
Results are plotted as means + SEM with the aid of Graph Pad Prism E £
5 by subjecting to one-way analysis of variance (ANOVA) followed by
Tukey’s test. p < 0.05 was taken as significant difference across the
groups.
3. Results
3.1. 10% PMEC reduced penile malonaildehyde (pMDA) with
corresponding up-production of NO levels in rats exposed to mixture of
NaCl and MSG Fig. 2. Effect of PMEC on penile arginase activity (graph A) and penile PDE-5!
activity (graph B) in rats exposed to mixture of sodium chloride (NaCl) and
To confirm that mixture of salt intake could cause impairment to cell monosodium glutamate (MSG).Results are expressed as mean + SEM (n = 10).
membrane integrity of penis, we checked the level of penile MDA as Bars with different letters are significantly different at * p < 0.05, °p < 0.05, ©

shown in Fig. 1A. The penile nitric oxide (NO) level was equally p < 0.05, 9 p < 0.05
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Fig. 3. Effect of PMEC on penile extracellular hydrolysis of ATP and adenosine deaminase activity in rats exposed to mixture of sodium chloride (NaCl) and
monosodium glutamate (MSG). (ATP as substrate, graph A; ADP as substrate, graph B); 5'.nucleotidase (AMP as substrate, graph C) and adenosine deaminase
(adenosine as substrate, graph D). Results are expressed as mean + SEM (n = 10). Bars with different letters are significantly different at ® p < 0.05, °p < 0.05,

°p < 0.05, ¢ p < 0.05, ¢ p < 0.05.

examined on exposure to mixture of NaCl and MSG (Fig. 1B). Post hoc
analysis showed that NaCl only, MSG only and NaCl + MSG significantly
(p < 0.05) increased the pMDA content when compared with the control
group (Fig. 1A). The mixture of salt intake in rats (NaCl4+MSG) did not
show significant increase (p > 0.05) in relation to NaCl only and MSG
only, on sub-acute ingestion for 14 days (FigurelA). The post-treatment
of rats with PMEC, a dietary cake for 14 days significantly (p < 0.05)
restored cell membrane integrity to the therapeutic drug (NaCl + AML)
rats by inhibition of penile MDA level in NaCl only, MSG only and NaCl
+ MSG (Fig. 1A). Whereas, therapeutic drug (NaCl+AML) reduced the
effect of the salt intake above the control rats. We also looked at the
penile NO level, whether it follows NO-cGMP-PKG pathway. As
observed in Fig. 1B, NaCl only, MSG only and mixture of NaCl+MSG
pointedly (p < 0.05) depleted NO level when compared with the control
group. The sub-acute mixture of NaCl and MSG (NaCl+MSG) to rats
showed no significant penile NO decrease (p > 0.05) in relation to NaCl
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only and MSG only (Fig. 1B). However, the treatment with dietary cake
significantly (p < 0.05) restored the penile function through up-
regulation of NO content in NaCl only, MSG only and NaCl + MSG
(Fig. 1B).

3.2. Effect of 10% PMEC, a dietary cake on the activities of penile
arginase and PDE-5' in rats exposed to mixture of NaCl and MSG

To assess the effect of dietary cake (10% PMEC) on arginase and PDE-
5! activities, both single and combined exposure to NaCl and MSG for 14
days were treated with 10% PMEC for 14 days (Fig. 2). Sub-acute
exposure to NaCl only, MSG only and mixture of NaCl4+MSG markedly
(p < 0.05) increased the activity of penile arginase enzyme in relation to
the control rats (Fig. 2A). Combined exposure (NaCl+MSG) for 14 days
showed significant increase (p < 0.05) of arginase activity in relation to
NaCl only and MSG only (Fig. 2A). Inversely, the noticeable hike in
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Fig. 4. Effect of PMEC on penile AChE activity (graph A), penile BuChE activity (graph B) and penile MAO-A activity (graph C) in rats exposed to mixture of sodium
chloride (NaCl) and monosodium glutamate (MSG). Results are expressed as mean + SEM (n = 10). Bars with different letters are significantly different at * p < 0.05,

Pp < 0.05, ¢ p < 0.05, ¢ p < 0.05.

penile arginase activity was significantly (p < 0.05) reverted to thera-
peutic drug rats (NaCl+AML) in all the groups treated with dietary 10%
PMEC (Fig. 2A). Similarly, sub-acute exposure to NaCl only, MSG only
and NaCl+MSG remarkably (p < 0.05) up-surged the activity of PDE-5!
when compared with the control rats (Fig. 2B). Mixture of NaCl+MSG
for 14 days showed significant increase (p < 0.05) of PDE-5! activity in
relation to NaCl only and MSG only (Fig. 2B). However, the management
of rats with 10% PMEC on sub-acute exposure to NaCl only (NaCl+P-
MEG) significantly (p < 0.05) down-regulated the penile PDE-5' activity
to normal and therapeutic (NaCl4+AML) drug rats (Fig. 2B). Whereas;
MSG+PMEC, NaCl+MSG+PMEC and PMEC only significantly decreased
(p < 0.05) the penile PDE-5" activity better than NaCl+AML and NaCl
-+ PMEC rats (Fig. 2B).
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3.3. Effect of 10% PMEC, a dietary cake on the extracellular hydrolysis
of ATP and adenosine deaminase activity in rats exposed to mixture of
NaCl and MSG

Fig. 3 shows the effect of PMEC on the action of ectonucleotidases,
NTPDase (ATP as substrate, graph A; ADP as substrate, graph B) 5!-
nucleotidase (AMP as substrate, graph C) and ADA (adenosine as sub-
strate, graph D) in rats exposed to mixture of NaCl and MSG. Firstly, the
set of animals exposed to NaCl only, MSG only and NaCl + MSG for 14
days significantly (p < 0.05) amplified the activity of (ATPase) ATP
hydrolysis when compared with the control rats (Fig. 3A). The MSG only
and the exposure of NaCl+MSG to rats showed significant elevation
(p > 0.05) of ATP hydrolysis in relation to NaCl only (Fig. 3A). Man-
agement with therapeutic drug (NaCl+AML) and 10% PMEC only
restored the ATP hydrolysis to normal (Fig. 3A). Ultimately, 10% PMEC
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treatment for 14 days on exposure to NaCl only and NaCl+MSG signif-
icantly (p < 0.05) normalized the ATP hydrolysis below therapeutic
drug (NaCl+AML) and the control (Fig. 3A); and better in action than
MSG+PMEC. Afterwards, as reported in Fig. 3B, exposure of rats to NaCl
only, MSG only and NaCl+MSG for 14 days significantly (p < 0.05)
increased the penile ADPase activity in relation to the control rats.
Whereas, combined exposure to NaCl +MSG for 14 days did not show
significant increase (p > 0.05) of penile ADPase activity in relation to
NaCl only and MSG only (Fig. 3B). Treatment with 10% PMEC for 14
days significantly (p < 0.05) depressed the activity of penile ADPase to
below normal in all the groups (Fig. 3B). Thirdly, as shown in Fig. 3C,
the activity of 51.nucleotidase (AMPase) was aberrantly (p < 0.05)
raised in NaCl only, MSG only and NaCl+MSG rats when compared with
the control rats. The animal exposed to MSG only showed significant
increase (p > 0.05) in relation to NaCl only and NaCl+MSG (Fig. 3C).
Interestingly, management with dietary cake (10% PMEC) for 14 days
significantly diminished (p < 0.05) the activity of penile AMPase to
normal (Fig. 3C). Lastly, sub-acute exposure of rats to NaCl only, MSG
only and NaCl+MSG for 14 days significantly (p < 0.05) hiked the
penile ADA activity in relation to the control rats (Fig. 3D). The animals
exposed to NaCl only remarkably increased (p > 0.05) the penile ADA
activity in relation to MSG only and NaCl+MSG (Fig. 3D). But, treatment
with dietary 10% PMEC significantly (p < 0.05) down-regulated the
penile ADA activity to below therapeutic drug rats (NaCl+AML) and
normal (Fig. 3D).

3.4. Effect of 10% PMEC, a dietary cake on the activity of penile
neurotransmitter enzymes (AChE, BuChE and MAO-A) in rats exposed to
mixture of NaCl and MSG

To explore the possible links between the neuro-transduction en-
zymes and penile function, we examined the effect of dietary cake (10%
PMEC) on the activity of penile AChE, BuChE, MAO-A enzymes on
exposure to mixture of NaCl and MSG in rats (Fig. 4). Firstly, the group
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Fig. 5. Photomicrographs of penile histopa-
thology (H & E X400).Control: The penile tissue
shows minor hemorrhagic lesion (mhl). NaCl
only: The penile tissue shows hemorrhagic
lesion with fibrosis (hlf). MSG only: The penile
tissue shows thrombus (t) in the corpus cav-
ernosum. NaCl +MSG: The corpus cavernosum
is calcified with numerous chondrocytes (cc),
and the penile tissue shows trifling fibrosis (tf)
with presence of inflammatory cells (ic). NaCl
+AML: The penile tissue shows minor hemor-
rhagic lesion (mhl). NaCl + PMEC: The penile
tissue shows free connective tissue (fct) in the
corpus cavernosum. MSG +PMEC: The penile
tissue shows free connective tissue (fct) in the
corpus cavernosum. NaCl + MSG+PMEC: The
penile tissue shows minor fibrosis (mf). PMEC
only: The penile tissue shows free connective
tissue (fct) in the corpus cavernosum.

of animals sub-acutely exposed to NaCl only, MSG only and NaCl + MSG
for 14 days awkwardly (p < 0.05) mediated the penile AChE activity
when compared with the control rats (Fig. 4A). The mixture of
NaCl+MSG apparently did not show significant difference (p > 0.05) in
penile AChE activity when compared with NaCl only and MSG only
(Fig. 4A). The therapeutic drug (NaCl+AML) rats and the groups of
animals treated with dietary cake (10% PMEC) significantly (p < 0.05)
normalized the penile AChE activity (Fig. 4A). Again, as shown in
Fig. 4B, post hoc study reported that the rats exposed to NaCl only, MSG
only and NaCl+MSG for 14 days significantly (p < 0.05) triggered the
penile BuChE activity when compared with the control rats. Whereas,
set of rats sub-acutely exposed to NaCl only and MSG only significantly
(p < 0.05) increased the penile BuChE activity in relation to NaCl+MSG
rats (Fig. 4B). Post-administration of 10% PMEC for 14 days significantly
(p < 0.05) lowered the activity of penile BuChE to normal in relation to
therapeutic drug (NaCl+AML) rats (Fig. 4B). Finally, as shown in
Fig. 4C, the activity of penile MAO-A was abnormally (p < 0.05) higher
in NaCl only, MSG only and NaCl-+MSG when compared with the control
rats. Sub-acute exposure of rats to the mixture of NaCl and MSG
significantly (p < 0.05) increased the penile MAO-A activity in relation
to NaCl only and MSG only (Fig. 4C). However, post-treatment with 10%
PMEC for 14 days significantly declined (p < 0.05) the activity of penile
MAO-A to normal (Fig. 4C). The same trend of reduced penile MAO-A
activity was discovered in animals treated with therapeutic drug
(NaCl+AML).

3.5. Dietary cake (10% PMEC) reduces histopathological lesions in the
corpus cavernosum

The penile tissue of the control rats shows minor hemorrhagic lesion
(5 A). Whereas, sub-acute exposure of rats to NaCl and MSG for 14 days
shows hemorrhagic lesion, fibrosis (5B) and thrombus in the corpus
cavernosum (Fig. 5C). The corpus cavernosum is calcified with
numerous chondrocytes manifested by the presence of inflammatory
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Fig. 6. Effect of PMEC on penile NF-kB level in rats exposed to mixture of
sodium chloride (NaCl) and monosodium glutamate (MSG). Results are
expressed as mean + SEM (n = 10). Bars with different letters are significantly
different at ® p < 0.05, Pp < 0.05,  p < 0.05.

cells (5D). Thus, post-treatment with 10% PMEC for 14 days mitigated
the morphological impairment by showing free connective tissue in the
corpus cavernosum (Fig. 5 F, G and H) and minor fibrosis (5 H). Rats
treated with therapeutic drug showed minor hemorrhagic lesion
(Fig. 5E). Lastly, the animals treated with 10% PMEC only showed free
connective tissue in the corpus cavernosum (Fig. 5I).

3.6. Effect of 10% PMEC, a dietary cake on the NF-kB dependent
signaling pathway in rats exposed to mixture of NaCl and MSG

To have a better interpretation on the molecular signaling pathway
of 10% PMEC in rats exposed to mixture of NaCl and MSG, we investi-
gated the potential of 10% PMEC on the NF-kB dependent signaling
pathway using ELISA method (Fig. 6). Result showed that sub-acute
exposure of rats to NaCl only, MSG only and NaCl +MSG for 14 days
significantly (p < 0.05) up-regulated penile NF-kB when compared with
the control rats (Fig. 6). Joint exposure of NaCl+MSG showed no sig-
nificant increase (p > 0.05) in relation to NaCl only and MSG only
(Fig. 6). Post hoc analysis indicated that 10% PMEC treatment as well as
therapeutic drug rats (NaCl+AML) for 14 days significantly (p < 0.05)
down-regulated the penile NF-kB level (Fig. 6).
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3.7. Effect of 10% PMEC, a dietary cake on the RT-PCR expression
analysis of TNF-a, p53, IL-10 and HIF-1 in rats exposed to mixture of
NaCl and MSG

To ascertain the possible molecular mechanism by which 10% PMEC
inhibits inflammation, apoptosis and erectile vasoconstriction syndrome
in rats, the expression of pro-inflammatory mediators (TNF-a and IL-10),
apoptotic protein (p53) and erectile hypertensive marker (HIF-1) were
analyzed by RT-PCR analysis. RT-PCR analysis revealed that sub-acute
exposure to NaCl only, MSG only and mixture of NaCl+MSG signifi-
cantly (p < 0.05) up-regulated the expression of penile TNF-a protein
when compared with the control (Fig. 7A). Combined exposure of
NaCl+MSG to rats for 14 days showed significant (p < 0.05) expression
of penile TNF-a protein in relation to NaCl only and MSG only (Fig. 7A).
Post-treatment of 10% PMEC for 14 days significantly (p < 0.05) down-
regulated the expression of TNF-a protein to therapeutic drug rats
(NaCl4+-AML). Again, as observed in Fig. 7B, exposure to NaCl only, MSG
only and mixture of NaCl+MSG for 14 days remarkably (p < 0.05) up-
regulated the expression of penile p53 protein when compared with
the control. Joint exposure of NaCl+MSG to rats for 14 days showed no
significant (p > 0.05) expression of penile p53 protein in relation to
NaCl only and MSG only (Fig. 7B). However, post-treatment of 10%
PMEC for 14 days significantly (p < 0.05) down-regulated the expres-
sion of penile p53 protein to therapeutic drug rats (NaCl+AML). Inter-
estingly, PMEC only showed no expression of p53 protein (Fig. 7B).
Similarly, sub-acute exposure to NaCl only, MSG only and NaCl+MSG
for 14 days aberrantly (p < 0.05) up-regulated the expression of penile
IL-10 protein when compared with the control (Fig. 8A). Whereas, MSG
only and NaCl+MSG significantly (p > 0.05) up-regulated the expres-
sion of penile IL-10 protein in relation to NaCl only (Fig. 8A).
Conversely, therapeutic drug rats (NaCl+AML) and NaCl+PMEC
significantly (p < 0.05) attenuated the penile IL-10 protein to normal
(Fig. 8A). While, MSG-+PMEC, NaCl+MSG+PMEC and PMEC only
significantly (p < 0.05) prohibited the penile IL-10 protein below
normal and therapeutic drug rats (Fig. 8A). Lastly, sub-acute exposure to
NaCl only, MSG only and NaCl +MSG for 14 days markedly (p < 0.05)
heightened the expression of penile HIF-1 protein in relation to control
rats (Fig. 8B). Whereas, NaCl only and MSG only significantly (p < 0.05)
down-regulated the expression of penile HIF-1 protein when compared
with NaCl+ MSG rats (Fig. 8B). Therapeutic drug rats significantly
(p < 0.05) proscribed the increased HIF-1 to normal (Fig. 8B).
Remarkably, dietary cake of 10% PMEC abolished the up-regulation of
penile HIF-1 in all the treated groups (Fig. 8B).
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Fig. 7. Effect of PMEC on penile TNF-a protein (graph A) and penile p53 protein (graph B) in rats exposed to mixture of sodium chloride (NaCl) and monosodium
glutamate (MSG). Results are expressed as mean + SEM (n = 10). Bars with different letters are significantly different at ® p < 0.05, bp < 0.05, “p < 0.05, d p < 0.05.
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Fig. 8. Effect of PMEC on penile IL-10 protein (graph A) and penile HIF-1 protein (graph B) in rats administered with to mixture of sodium chloride (NaCl) and
monosodium glutamate (MSG). Results are expressed as mean + SEM (n = 10). Bars with different letters are significantly different at ®p < 0.05, bp < 0.05, ¢

p <0.05,4p < 0.05, ¢p < 0.05
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Fig. 9. Effect of PMEC on chemokine MCP-1 protein in rats exposed to mixture
of sodium chloride (NaCl) and monosodium glutamate (MSG). Results are
expressed as mean + SEM (n = 10). Bars with different letters are significantly
different at ® p < 0.05, ®p < 0.05 ¢ p < 0.05, ¢ p < 0.05, ¢ p < 0.05.

3.8. Effect of 10% PMEC, a dietary cake on the RT-PCR expression
analysis of chemokine MCP-1 in rats exposed to mixture of sodium
chloride (NaCl) and monosodium glutamate (MSG)

The effect 10% PMEC (dietary cake) on RT-PCR expression analysis
of chemokine MCP-1 in rats exposed to mixture of NaCl and MSG was
presented in Fig. 9. As shown, sub-acute exposure to NaCl only, MSG
only and mixture of NaCl+MSG for 14 days significantly (p < 0.05) up-
regulated the penile MCP-1 expression than the control. Exposure of
combined NaCl and MSG (NaCl+MSG) to rats for 14 days abnormally
(p < 0.05) up-regulated the penile MCP-1 protein in relation to NaCl
only and MSG only (Fig. 9). Post-treatment with therapeutic drug-
amylopidin for 14 days showed no significant difference (p > 0.05) in
comparison with NaCl only and MSG only (Fig. 9). Whereas, post- di-
etary intake of 10% PMEC significantly (p < 0.05) prohibited the up-
regulation of penile MCP-1 expression to normal rats (Fig. 9).
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4. Discussion

This study supports the hypothesis that 10% PMEC containing high
proportion of protein by factor of 4 (25%), reduced inflammatory
erectile dysfunction initiated by NaCl/MSG in rat model and its modu-
lation was linked to NO-cGMP-PKG and NF-kB dependent signaling
pathways. Fundamentally, reports have connected metabolic disorder
and ED with inflammation [3,15] with limited understanding of its
management. Also, the toxic effects of mixture of salt intake on ED
associated with inflammation have not been highlighted in mammals.
Evidently, our finding underscored that exposure to NaCl only, MSG
only and their mixture compromised the penile membrane integrity
within two weeks by augmenting the penile MDA, end product of lipid
peroxidation. Compared with the normal rats, the up-production of
penile MDA level on exposure to NaCl and MSG may be attributed to the
metabolic disorder and reduction of penile endothelial dysfunction [3],
causing increased inhibition of blood flow in the penile vessels. In-
dividuals with increased penile MDA levels were linked to metabolic
syndrome, reduced endothelial function score and ED [7]. Interestingly,
the level of penile MDA, which can activate the
inflammatory-endothelial response [3] was abrogated by dietary cake of
10% PMEC. Conversely, continuous exposure to NaCl only, MSG only
and its mixture (NaCl+MSG) for 14 days caused penile low
bio-availability of NO level. This signifies that the continual salt intake
for 14 days prevented NO diffusion to the adjacent smooth muscle cells
of the penis, which activates guanylate cyclase (GC). It can also be
explained here that this enzyme (GC) that converts guanosine triphos-
phate to its active cyclic guanosine monophosphate (cGMP) had been
impeded by continuous exposure to salt intake for two weeks. However,
the supposed deactivation of protein kinase G, and cGMP by NaCl/MSG
intoxication increased intracellular calcium levels that shrinks the
vascular smooth muscle cells resulting in penile vasoconstriction known
as erectile dysfunction. Nonetheless, the consumption of
protein-rich-cake (%10 PMEC) by factor of 4 caused penile vasodilation
through improved NO bio-availability. From this observation, it is
essential to report here that the management of ED by protein-rich-cake
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(10%PMEC) on exposure to NaCl/MSG intake
NO-cGMP-PKG signaling pathway.

Additionally, continuous exposure to both single and combined salt
intake (NaCl and MSG) for 14 days impaired endothelial-derived NO
signaling by increasing the expression of arginase activity. This con-
tributes to the reduction of endothelium-dependent erectile responses
[3] in rats via the scavenging of intracellular L-arginine. Study had
shown that L-arginine is the common substrate for both NOS and argi-
nase and arginase activity can inhibit endothelium-derived NO pro-
duction via depletion of the available substrate responsible for its
biosynthesis [8]. However, the protein-rich-cake (10%PMEC) by a factor
of 4 (25%) pharmacologically inhibited the arginase activity to restore
erectile function [39]. The decline in arginase activity in the present
study may also be attributed to increased bio-availability of NO in the
penile vascular cells [40]. It is very imperative to report here that
protein-rich-cake (10%PMEC) that contain flavonoids, carotenoids and
phenols may retard arginase activity. Inhibition of penile arginase ac-
tivity has been depleted by a variety of natural antioxidants [41, 42, 43].
Correspondingly, continuous intake of NaCl only, MSG only and
NaCl+MSG for 14 days remarkably up-surged the activity of PDE-5! in
relation to normal rats. The increased PDE-5' on exposure to salt intake
may bind to the catalytic site of cGMP or potentiate the phosphorylation
of PKG to cause cGMP degradation [44]. As PDE-5! is specific to cGMP,
study has reported that high expression of PDE-5' activity mediates
muscle activation that results in penile dysfunction [39]. However, the
consumption of protein-rich-cake (10%PMEC) by a factor of 4 (25%)
noticeably down surged the activity of penile PDE-5!, suggesting that
the endothelial cells directly released nitric oxide in the penis, to stim-
ulate guanylyl cyclase for production of cGMP levels and to lower the
intracellular calcium levels [44]. Altogether, relaxing the penile smooth
muscle, for its dilatation, and erection [8]. It is very imperative to report
here that modulation of erectile dysfunction by protein-rich-cake (10%
PME) on exposure to salt intake for two weeks was through
NO-cGMP-PKG signaling pathways.

Moreover, adenosine is a potent vasorelaxant [8]. It can be both
intracellularly and extracellularly synthesized through degradation of
adenine nucleotides [45]. It has been reported that impaired adenosine
signaling is associated with ED [46]. Excessive production of adenosine
has been linked to priapism [46] and being used to diagnose and treat
ED and priapism [47]. In our study, the set of animals repeatedly
exposed to NaCl/or MSG intake for 14 days activated the activity of ATP
hydrolysis (ATPase, ADPase and AMPase) and ADA. This validates that
extracellular adenine nucleotides were dephosphorylated by the intake
of NaCl/MSG for 14 days. This eventually hydrolyzes ATP to ADP and
ADP to AMP [12], while AMP was catalyzed by 5' ectonucleotidase on
exposure to mixture of salt intake. This metabolic reaction abnormally
elongates penile erection called priapism [46]. Past studies had
demonstrated that priapism (abnormal prolonged penile erection) in
absence of sexual excitation could be linked to ischemia-mediated
erectile tissue damage [46,47]. This suggests that chronic exposure to
salt intake may initiate pathology (Priapism) in rats due to quick con-
version of adenosine to inosine [48]. The reduced level of intracellular
adenosine had been attributed to low NO bioavailabilty to initiate
impair-mediated penile erection [10]. While, excessive accumulation of
inosine can alter penile function [7]. The remarkable increase in penile
ATPase, ADPase, AMPase and ADA activities corroborates our previous
finding [15]. The post-treatment with protein-rich cake (%10PMEC) by
a factor of 4 (25%) for 14 days decreased the activities of ATPase,
ADPase, AMPase and ADA to normal, suggesting the stabilization of
penile ATP. Similarly, elevation in the activities of penile AChE, BuChE
and MAO-A on exposure to NaCl/MSG signifies impairment to penile
cholinergic and dopaminergic cascades [49], whereas, their depletion
by protein-rich-cake (10% PMEC) by a factor of 4, suggests normal
functions of the synaptic cells in the penis.

Also, a pleiotropic transcription factor called NF-kB plays important
roles in the immune system. Members of the NF-kB family regulate the

may follow
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transcriptional activity of several cell surface receptors, transcription
factors, adhesion molecules, and promoters of pro-inflammatory cyto-
kines that are implicated in inflammation [50, 51, 52]. Our finding
shows that sub-acute exposure (14 days) of rats to NaCl only, MSG only
and NaCl + MSG up-regulated the penile NF-kB molecule, reflecting
endothelial dysfunction that contributes to erectile dysfunction [53].
The increased expression of NF-kB can implicate endothelial dysfunc-
tion. This causes the blood vessels to constrict and reduction in the blood
flow [54]. Hence, the decreased blood flow triggered by NaCl and MSG
intake in this study was responsible for erectile dysfunction through
NF-kB dependent signaling pathway. It was also indicated that
up-regulation of NF-kB transcript may be because the endothelial cells
was malfunctioned and could not produce enough nitric oxide for the
relaxation of penile blood vessels [55]. Thus, the blood flow needed to
achieve penile erection have been depleted due to the generation of
NF-kB. Study has shown that NF-kB is one of the inflammatory mole-
cules in the body that gets elevated during the inflammation [53]. Thus,
this study may report here that when NF-kB is elevated, endothelial cells
may produce low nitric oxide. Also, the histology examination in this
study, indicated penile hemorrhagic lesion, fibrosis while corpus cav-
ernosum was calcified with numerous chondrocytes and the presence of
inflammatory cells. This provides evidence for inflammatory erectile
dysfunction [56,57]. A down regulation of penile NF-kB by protein-rich
cake (% 10PMEC) for 14 days, in this study, suggests restoration of
endothelial function to normal. This could further be linked to
normalization of the penile function via NF-kB dependent signaling
cascade.

High intake of salt (NaCl/MSG) promotes oxidative damage and
inflammation through many mechanisms. These include alteration of
cellular membrane function [58], apoptosis and up-regulation of cyto-
kines [59]. In this study, we identified the potential role of TNF-a and
p53 genes in relation to penile dysfunction using RT-PCR analysis. It was
observed that exposure to salt particularly NaCl for 14 days initiated
inflammatory erectile dysfunction by increasing the levels of penile
TNF-a and p53 molecules. Also, increased levels of penile TNF-a and p53
mediated by MSG suggests its relationship between inflammation and
ED [60,61]. Also, increased activity of penile arginase (regulatory
enzyme for NO production) and PDE-5! further validated the mecha-
nism of IED in rats. Remarkably, the post-treatment with
protein-rich-cake by a factor of 4 (10% PMEC) down-regulated the levels
of apoptotic cytokines (TNF-a and p53), signifying its protective po-
tential to the penis through NO-cGMP-PKG signaling pathway. Equally,
protein-rich-cake by a factor of 4 (%PMEC) reduced the structural
damage in the penis provoked by the NaCl and MSG. The normal corpus
cavernosum elcited by protein-rich-cake (%PMEC) was apparently
connected to the low expression of penile apoptotic indicators, which
was motivated by the active flavonoids in PMEC [22]. The 10%
PMEC-treated rats also experienced a decrease in the level of penile
TNF-a, whereas, this did not occur in NaCl-MSG induced rats, indicating
TNF-a inhibition reduces penile trauma and inflammation [62]. A recent
study has reported that TNF-a inhibition slowed the progression of
inflammation to reduce cellular injury [63], suggesting the role of TNF-a
in ED in rat model.

IL-10 is also known as human cytokine synthesis inhibitory factor
(CSIF). It is a multi-functional cytokine with potent anti-inflammatory
potential and encoded by the IL-10 gene. Contrary to the previous
studies [64], intake of 80 mg/kg NaCl and 75 mg/kg MSG for 14 days
increased the expression of penile IL-10 transcript. The increased IL-10
on exposure to salt was because the body produced more irreversible
inflammatory responses to limit or terminate ED [65]. Consistent with
our observation, a recent finding reported that high IL-10 level in sys-
temic lupus erythematous (SLE) patients was pathogenic while its
blockage ameliorates the disease [66]. In this perspective, we speculated
that up-regulation of IL-10 on exposure to NaCl/MSG might have
resulted into multi-organ systemic autoimmune disease [67] known as
SLE i.e. a condition whereby immune system attacks its own tissues,
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Fig. 10. Protein-rich cake (10% PMEC) by a
factor of 4 downregulates cytokines/MCP-1
through  NO-cGMP-PKG  dependent (B
signaling cascade and attenuates erectile
dysfunction activated by mixture of salt intake
in rat model. Intoxication with NaCl only, MSG
only and its mixture (NaCl+MSG) increased the
activities of arginase and phosphodiesterase-5'
(PDE-5") with corresponding decline of nitric
oxide (NO). Post-treatment with protein-rich
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causing inflammation and ED. This pathogenic mechanism of SLE may
also be accompanied by immunological abnormalities including
apoptotic cell clearance, hyperactivity of T and B cells to elicit
auto-antibody production or immune complex formation or direct
antibody-mediated cytotoxicity [66]. However, post-hock analysis
revealed that administration of rats with protein-rich-cake (10% PMEC)
by a factor of 4 blocked IL-10 production to decrease auto-antibody
creation [67]. This finding further hypothesized that post-treatment
with 10% PMEC by a factor of 4 may prevent Psoriasis by suppressing
auto-antibody which may cause ED [68]. A study reported that men with
Psoriasis are more susceptible to severe ED arising from sexual diffi-
culties, stigmatization, depression or psychological impairment [69]. It
is therefore pertinent to report here that 10% PMEC (protein-rich-cake
by a factor of 4) may be an immunotherapeutic agent against SLE and
psoriasis, although future studies are warranted on this.
Hypoxia-inducible factor 1 (HIF-1) is an heterodimeric transcription
factor which mediates cellular responses in the state of low oxygen to
activate the specific genes involved in tumourigenesis and angiogenesis
[70]. We examined whether activated NF-kB and increased hypoxia
inducible factor-1 (HIF-1) in the presence of low NO would trigger ED. It
was apparently observed that high expression of penile HIF-1 upon
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exposure to NaCl and/MSG activated the NF-xB transcription with low
production of NO level. This implies that penile cells showed high level
of hypoxia upon excessive salt intake which in turns, produced
pro-inflammatory mediators for ED [71]. Also, over expression of penile
HIF-1 was linked to the penile intratumoral hypoxia [72] with low
production of vasodilator (NO). This was to recruit more immune cells
and several transcriptional factors including IL-6, COX-2 and NF-kB
[73]. Altogether, HIF-1 signaling cascade mediates hypoxic inflamma-
tion [74] to inhibit penile cells or sex cells from differentiating causing
male infertility and ED [75]. We therefore record here that
up-regulation of penile HIF-1 transcript when exposed to NaCl/MSG for
14 days in rats promotes hypoxia condition and stimulates the release of
penile NF-kB at the “on state” of the immune response by depleting the
production of nitric oxide [76]. In this study, we postulated that the
protein-rich-cake may restrict hypoxia inflammatory responses and
whether it could prevent erectile dysfunction. Post-administration of
10% PMEC (protein-rich-cake by a factor of 4) for 14 days prohibited the
over expression of HIF-1, suggesting preservation of penile stem cells
and normal immune responses [77]. Thus, based on the present study, it
was conjectured that NO bioavailability with declined HIF-1 could
normalize NF-kB level. This could be a molecular mechanism for
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restoring penile erection.

Monocyte Chemoattractant Protein-1(MCP-1) could be used to
manage inflammatory-mediated erectile dysfunction (IMED). As
discovered in this study, MCP-1 was highly expressed in penile ho-
mogenate of rats exposed to NaCl only, MSG only and NaCl+MSG. The
up-regulation of MCP-1 suggested the production of adhesive penile
molecules, to facilitate the macrophage infiltration into penile tissues
[78] to elicit IMED. We are objective to report here that a
chemokine-mediated inflammatory component is involved in the onset
of ED on exposure to NaCl/MSG salt. However, this study also showed
that the blockage of MCP-1 on treatment with protein-rich-cake (10%
PMEC) by a factor of 4 suggested that penile inflammation was reduced
on exposure to NaCl/MSG for 14 days. Interestingly, the low level of
MCP-1 transcript was linked to the anti-inflammatory potential of the
phenolic compounds found in protein-rich-cake (10%PMEC). This im-
plies that protein-rich-cake reduced penile NF-kB and penile TNF-a
activation. Studies had shown that consumption of protein- rich-diet can
prevent hepatic inflammation [79] and that inhibition of NF-kB signifies
little or no ED in inflammatory rats [80]. It was also reported that MCP-1
could be low in male folks without ED when NF-kB is inhibited [81].
Thus, one of the mechanisms for the inhibition of IMED in the present
study was due to the anti-inflammatory effect of 10%PMEC via inhibi-
tion of MCP-1 and NF-kB depletion. This anti-inflammatory effect was
likely because the agonist (10%PMEC) did not alter erection or it has
boosted ATP for the erection of penis in rats.

Apparently, this study showed that TNF-« inhibition lowered NF-kB
expression and MCP-1 was reduced, following the treatment with a
protein-rich-cake (10%PMEC) by a factor of 4. Consistent with our
finding, Park et al. [81] and Unsworth et al. [82] reported that MCP-1
activation induced NF-kB expression, while NF-kB inhibition was re-
ported to prevent TNF-a and MCP-1 inflammatory responses in humans.
Thus, it is possible that reduced MCP-1 activation by inhibiting NF-kB
with down-regulation of TNF-a in rats treated with protein-rich-cake
(10% PMEC) by a factor of 4 could account for the delayed progres-
sion of IMED. However, we can interpret here that reducing MCP-1
activation with protein-rich-cake (10% PMEC) may inhibit positive
feedback stimulation of TNF-«, which in turns inhibits NF-kB activation
to trigger the down-regulation of inflammatory responses by immune
cells.

Finally, this study observed that the combined exposure of rats to
NaCl and MSG remarkably hiked the expression of TNF-a, MCP-1 and
arginase activity than NaCl only or MSG only. This showed that the
retention of sodium ion was higher in the body than its excretion [5].
Furthermore, high accumulation of much sodium makes the body to
retain more fluids which contributes to vasoconstriction of the penile
vessels, to initiate heart attack, stroke, kidney failure and erectile
dysfunction [83]. Whereas, p53, ATP hydrolytic enzymes, ADA, HIF-1,
IL-10, PDE-5' and neurotransmitter enzymes showed no significant in-
crease between combined exposure and single exposure. This implicates
that increased salt ingestion triggered the body to maintain isotonic
medium of the body fluids [84]. We therefore established here that the
sodium volume in extracellular fluids have been increased due to a
single or combined exposure to NaCl and MSG in rats. Hence, its accu-
mulation in the body alters sodium homeostasis [85] during the process
of IMED. It was concluded that inflammation is one of the major risk
factors of ED, and dietary inhibition of chemokine/cytokines with
protein-rich-cake may be an alternative anti-inflammatory therapy (as
shown in Fig. 10), which could be of significance to clinical care in the
treatment of ED and its related risk factors.

Source of funding

This research received no external funding.

644

Toxicology Reports 10 (2023) 633-646

CRediT authorship contribution statement

Akintunde J.K: Conceptualization, Methodology, Investigation,
Supervision, Software, Writing — original draft, Writing — review &
editing. Olayinka M.C: Investigation, Analysis. Ugbaja V.C: Investi-
gation, Analysis. Akinfenwa C.A: Investigation and Analysis. Akintola
T.E: Investigation, Supervision. Akamo A.J: Supervision Bello A.J:
Research contribution.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data Availability
Data will be made available on request.

Acknowledgment

None.

References

[1] P. Rust, C. Ekmekcioglu, Impact of salt intake on the pathogenesis and treatment of
hypertension, Adv. Exp. Med Biol. 956 (2017) 61-84, https://doi.org/10.1007/
5584_2016_147.

N.A. Metheny, R.N. Faan, M.M. Krieger, R.N. Mlis, Salt Toxic.: A Syst. Rev. Case
Rep. 46 (2020) 428-439, https://doi.org/10.1016/].jen.2020.02.011.

H.D.B. Maluly, A.P. Arisseto-Bragotto, F.G.R. Reyes, Monosodium glutamate as a
tool to reduce sodium in foodstuffs: technological and safety aspects, Food Sci.
Nutr. 5 (2017) 1039-1048, https://doi.org/10.1002/fsn3.499.

W.J. Jung, S.M. Park, J.M. Park, H. Rhee, Y. Kim, D.W. Lee, et al., Severe
hypernatremia caused by acute exogenous salt intake combined with primary
hypothyroidism, Electrolyte Blood Press 14 (2016) 27-30, https://doi.org/
10.5049/EBP.2016.14.2.27.

A. Sakamoto, T. Hoshino, K. Boku, D. Hiraya, Y. Inoue, Fatal acute hypernatremia
resulting from a massive intake of seasoning soy sauce, Acute Med Surg. 7 (2020),
€555, https://doi.org/10.1002/ams2.555.

H. Zhu, N.K. Pollock, I. Kotak, B. Gutin, X. Wang, J. Bhagatwala, et al., Dietary
sodium, adiposity, and inflammation in healthy adolescents, Pediat 133 (2014)
e635-e642, https://doi.org/10.1542/peds.2013-1794.

Z. Yingzi, M.V. Paul, W.S.L. Susan, Vascular nitric oxide: beyond eNOS,

J. Pharmacol. Sci. 129 (2015) 83e94, doi: 10.1016/j.jphs.2015.09.002.

U. Forstermann, W.C. Sessa, Nitric oxide synthases: regulation and function, Eur.
Heart J. 33 (2012) 829-837, https://doi.org/10.1093/eurheartj/ehr304.

L.W. Trost, R. Munarriz, R. Wang, A. Morey, L. Levine, External mechanical devices
and vascular surgery for erectile dysfunction, J. Sex. Med. 13 (2016) 1579-1617,
https://doi.org/10.1016/j.jsxm.2016.09.008.

N. Toda, K. Ayajiki, T. Okamura, Nitric oxide and penile erectile function,
Pharmacol. Ther. 106 (2005) 233-266, https://doi.org/10.1016/j.
pharmthera.2004.11.011.

K.E. Andersson, PDES5 inhibitors — pharmacology and clinical applications 20 years
after sildenafil discovery, Br. J. Pharm. 175 (2018) 2554-2565, https://doi.org/
10.1111/bph.14205.

J.K. Akintunde, T.E. Akintola, M.O. Hammed, C.O. Amoo, A.M. Adegoke, L.

O. Ajisafe, Naringin protects against Bisphenol-A induced oculopathy as
implication of cataract in hypertensive rat model’, Biomed. Pharm. 126 (2020),
110043 doi: 10.1016/j.biopha.2020.110043.

S. Cayan, M. Kendirci, O. Yaman, R. Ascl, I. Orhan, M.F. Usta, et al., Prevalence of
erectile dysfunction in men over 40 years of age in Turkey: results from the Turkish
Society of Andrology Male Sexual Health Study Group, Turk. J. Urol. 43 (2017)
122-129, https://doi.org/10.5152/tud.2017.24886.

M. Quilter, L. Hodges, P. von Hurst, B. Borman, J. Coad, Male sexual function in
New Zealand: a population-based cross-sectional survey of the prevalence of
erectile dysfunction in men aged 40-70 years, J. Sex. Med 14 (2017) 928-936,
https://doi.org/10.1016/j.jsxm.2017.05.01.

J.K. Akintunde, T.E. Akintola, F.H. Aliu, M.O. Fajoye, S.0. Adimchi, Naringin
regulates erectile dysfunction by abolition of apoptosis and inflammation through
NOS/cGMP/PKG signalling pathway on exposure to Bisphenol-A in hypertensive
rat model’, Reprod. Toxicol. 95 (2020) 123-136, https://doi.org/10.1016/j.
reprotox.2020.05.007.

S.H. Francis, J.L. Busch, J.D. Corbin, cGMP-dependent protein kinases and cGMP
phosphodiesterases in nitric oxide and ¢cGMP action, Pharm. Rev. 62 (2010)
525-563.

F.Z. Ménica, K. Bian, F. Murad, The endothelium-dependent nitric Oxide-cGMP
pathway, Adv. Pharm. 77 (2016) 1-27, https://doi.org/10.1124/pr.110.002907.

[2]
[3]

[4]

[5]

[6]

[71
[8]

91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]


https://doi.org/10.1007/5584_2016_147
https://doi.org/10.1007/5584_2016_147
https://doi.org/10.1016/j.jen.2020.02.011
https://doi.org/10.1002/fsn3.499
https://doi.org/10.5049/EBP.2016.14.2.27
https://doi.org/10.5049/EBP.2016.14.2.27
https://doi.org/10.1002/ams2.555
https://doi.org/10.1542/peds.2013-1794
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref7
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref7
https://doi.org/10.1093/eurheartj/ehr304
https://doi.org/10.1016/j.jsxm.2016.09.008
https://doi.org/10.1016/j.pharmthera.2004.11.011
https://doi.org/10.1016/j.pharmthera.2004.11.011
https://doi.org/10.1111/bph.14205
https://doi.org/10.1111/bph.14205
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref12
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref12
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref12
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref12
https://doi.org/10.5152/tud.2017.24886
https://doi.org/10.1016/j.jsxm.2017.05.01
https://doi.org/10.1016/j.reprotox.2020.05.007
https://doi.org/10.1016/j.reprotox.2020.05.007
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref16
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref16
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref16
https://doi.org/10.1124/pr.110.002907

J.K. Akintunde et al.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

371

[38]

[39]

[40]

[41]

[42]

[43]

S. Kany, J.T. Vollrath, B. Relja, Cytokines in inflammatory disease, Int J. Mol. Sci.
20 (23) (2019) 6008, https://doi.org/10.3390/1jms20236008.

G. Volpin, M. Cohen, M. Assaf, T. Meir, R. Katz, S. Pollack, Cytokine levels (IL-4, IL-
6, IL-8 and TGFp) as potential biomarkers of systemic inflammatory response in
trauma patients, Int Orthop. 38 (2014) 1303-1309, https://doi.org/10.1007/
500264-013-2261-2.

T. Liu, L. Zhang, D. Joo, S. Sun, NF-kB signaling in inflammation, Signal Transduct.
Target Ther. 2 (2017) 17023, https://doi.org/10.1038/sigtrans.2017.23.

F.S. Carneiro, R.C. Webb, R.C. Tostes, Emerging role for TNF-u in erectile
dysfunction, J. Sex. Med 7 (2010) 3823-3834, https://doi.org/10.1111/j.1743-
6109.2010.01762.x.

J.K. Akintunde, O.0. Obisesan, S.J. Akinsete, Diet from Mantisa religiosa egg case
abolishes pulmonary dysfunctions triggered by sub-acute exposure to aerosolized
petroleum hydrocarbons in rat model, Clin. Nutr. Exp. 26 (2019) 44-58, https://
doi.org/10.1016/j.yclnex.2019.04.001.

M. Gautam, M. Agrawal, M. Gautam, P. Sharma, A.S. Gautam, et al., Role of
antioxidants in generalized anxiety disorder and depression, Indian J. Psychiatry
54 (2012) 244-247, https://doi.org/10.4103/0019-5545.102424.

W.E. Carpenter, D. Lam, G.M. Toney, N.L. Weintraub, Z. Qin, Zinc, copper, and
blood pressure: human population studies, Med Sci. Monit. 19 (2013) 1-8, https://
doi.org/10.12659/msm.883708.

J.K. Akintunde, I.A. Imhade, G. Oboh, Mantisa religiosa egg case abrogates the
accumulation of cadmium in muscular and bone tissues of African catfish through
the activation of nitric oxide and myeloperoxidase activity, Food Biochem (2020)
13287, https://doi.org/10.1111/jfbc.13287.

Guide for the care and use of Laboratory Animal. Guide for the Care and Use of
Laboratory Animal, eighth ed., the National Academies Press,, Washington DC,
2011.

M.T. Olaleye, 0.0. Crown, A.C. Akinmoladun, A.A. Akindahunsi, Rutin and
quercetin show greater efficacy than nifedipine in ameliorating hemodynamic,
redox and metabolite imbalances in sodium chloride-induced hypertensive rats,
Hum. Exp. Toxicol. 33 (2013) 602-608, https://doi.org/10.1177/
0960327113504790.

J.O. Nnadozie, U.O. Chijioke, O.C. Okafor, D.B. Olusina, A.N. Oli, P.C. Nwonu,
Chronic toxicity of low dose monosodium glutamate in albino Wistar rat, BMIC Res
18 (2019) 593, https://doi.org/10.1186/513104-019-4611-7.

K. Yamanaka, M. Suzuki, S. Munehasu, J. Ishiko, Antihypertensive effects of
amlodipine, a new calcium antagonist, Nihon Yakur. Zasshi 97 (1991) 115-126,
https://doi.org/10.1254/fpj.97.2_115.

M.M. Bradford, A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding, Anal. Biochem
72 (1976) 248-254, https://doi.org/10.1006/abio.1976.9999.

H. Ohkawa, N. Ohishi, K. Yagi, Assay for lipid peroxides in animal tissues by
thiobarbituric acid reaction, Analy Biochem 95 (1979) 351-358, https://doi.org/
10.1016/0003-2697(79)90738-3.

K.M. Miranda, M.G. Espay, D.A. Wink, A rapid, simple spectrophotometric method
for simultaneous detection of nitrate and nitrite, Nitric Oxide: Biol. Chem. 5 (2001)
62-71, https://doi.org/10.1006/niox.2000.0319.

W.J. Thompson, M.M. Appleman, Characterization of cyclic nucleotide
phosphodiesterases of rat tissues, J. Biol. Chem. 246 (1971) 3145-3150, https://
doi.org/10.1016,/50021-9258(18)62207-0.

M.R. Schetinger, V.M. Morsch, C. Bonan, A.T. Wyse, NTPDase and 51 nucleotidase
activities in physiological and disease conditions: new perspectives for human
health, Bio Factors 31 (2007) 77-98, https://doi.org/10.1002/biof.5520310205.
D. Heymann, M. Reddington, G.W. Kreutzberg, Subcellular localization of 5'-
nucleotidase in rat brain, J. Neurochem 43 (1984) 971-978, https://doi.org/
10.1111/j.1471-4159.1984.tb12832.x.

G. Guisti, B. Galanti, Colorimetric Method, in: H.U. Bergmeyer (Ed.), Methods of
enzymatic analysis, Verlag Chemie, Weinheim, Germany, 1984, pp. 315-323. (htt
ps://doi.org/10.1002/pi.4980170418).

N. Perry, P. Houghton, D. Theobal, P. Jenner, E. Perry, In vitro activity of S. lavan-
dulaefolia (Spanish sage) relevant to treatment of Alzheimer’s disease, J. Pharm.
Pharm. 52 (2000) 895-902, https://doi.org/10.1211/0022357011777846.

R. Kettler, M.D. Prada, W. Burkard, Comparison of monoamine oxidase-A in-
hibition by moclobemide in vitro and ex vivo in rats, Acta Psychiatr. Scand. 82
(S360) (1990) 101-102, https://doi.org/10.1111/j.1600-0447.1990.tb05348.x.

K. Hallén, N.P. Wiklund, L.E. Gustafsson, Inhibitors of phosphodiesterase 5 (PDE 5)
inhibit the nerve-induced release of nitric oxide from the rabbit corpus
cavernosum, Br. J. Pharm. 150 (2007) 353-360, https://doi.org/10.1038/sj.
bjp.0706991.

J. Xu, C. Wang, Y. Zhang, Z. Xu, J. Ouyang, J. Zhang, Risk of osteoporosis in
patients with erectile dysfunction: a PRISMA-compliant systematic review and
meta-analysis, Med. (Baltim. ) 100 (2012), e26326, https://doi.org/10.1097/
MD.0000000000026326.

M.C. Nguyen, J.T. Park, Y.G. Jeon, B.H. Jeon, K.L. Hoe, et al., Arginase inhibition
restores peroxynitrite-induced endothelial dysfunction via l-arginine-dependent
endothelial nitric oxide synthase phosphorylation, Yonsei Med J. 57 (1329) (2016)
1338, https://doi.org/10.3349/ymj.2016.57.6.1329.

R.W. Caldwell, P.C. Rodriguez, H.A. Toque, S.P. Narayanan, R.B. Caldwell,
Arginase: a multifaceted enzyme important in health and disease, Physiol. Rev. 98
(2018) 641-665, https://doi.org/10.1152/physrev.00037.2016.

J.K. Akintunde, A.E. Irondi, E.O. Ajani, T.V. Olayemi, Dietary inclusion of black
seed flour inhibits reproductive alterations via signal transduction by depleting
ectoenzyme, adenosine deaminase and acetylcholine sterase activities in rats
intoxicated with mixed environmental metals, J. Biol. Act. Prod. Nat. 8 (2018)
376-392, https://doi.org/10.1080/22311866.2018.1523687.

645

[44]

[45]

[46]

[47]
[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

Toxicology Reports 10 (2023) 633-646

Q. Shen, X. Zhan, P. Yang, J. Li, J. Chen, B. Tang, et al., Dual activities of plant
cGMP-dependent protein kinase and its roles in gibberellin signaling and salt stress,
Plant Cell 31 (2019) 3073-3309, https://doi.org/10.1105/tpc.19.00510.

S.G. Miller, P.S. Hafen, J.J. Brault, Increased adenine nucleotide degradation in
skeletal muscle atrophy, Inter. J. Mol. Sci. 21 (2019) 88, https://doi.org/10.3390/
ijms21010088.

Y. Dai, Y. Zhang, P. Phatarpekar, T. Mi, H. Zhang, M.R. Blackburn, et al., Adenosine
signaling, priapism and novel therapies, J. Sex. Med 3 (2009) 292-301, https://
doi.org/10.1111/j.1743-6109.2008.01187 .x.

C. Ning, J. Wen, Y. Zhang, H.S. Juneja, L. Qi, R.E. Kellems, et al., Adenosine
signaling in priapism and novel therapies, Blood 120 (2012) 1006.

W. Slotkin, K. Nishikura, Adenosine-to-inosine RNA editing and human disease,
Genom. Med. 5 (2013) 105, doi.org/10.1182/blood.V120.21.1006.1006.

J.K. Akintunde, T.E. Akintola, G.O. Adenuga, Z.A. Odugbemi, R.O. Adetoye, O.
G. Akintunde, Naringin attenuates Bisphenol-A mediated neurotoxicity in
hypertensive rats by abrogation of cerebral nucleotide depletion, oxidative damage
and neuroinflammation, Neurotoxicol 81 (2020) 18-33, https://doi.org/10.1016/
j-neuro.2020.08.001.

S. Kucukler, F. Benzer, S. Yildirim, C. Gur, F.M. Kandemir, A.S. Bengu, M.

B. Dortbudak, Protective effects of chrysin against oxidative stress and
inflammation induced by lead acetate in rat kidneys: a biochemical and
histopathological approach, Biol. Trace Elem. Res. 199 (4) (2021) 1501-1514.

B. Varigly, C. Caglayan, F.M. Kandemir, C. Giir, A. Ayna, A. Geng, S. Tayst, ).
Chrysin mitigates diclofenac-induced hepatotoxicity by modulating oxidative
stress, apoptosis, autophagy and endoplasmic reticulum stress in rats, Mol. Biol.
Rep. 50 (1) (2023) 433-442.

C. Caglayan, F.M. Kandemir, A. Ayna, C. Giir, S. Kiiciikler, E. Darendelioglu,
Neuroprotective effects of 18p-glycyrrhetinic acid against bisphenol A-induced
neurotoxicity in rats: involvement of neuronal apoptosis, endoplasmic reticulum
stress and JAK1/STAT1 signaling pathway, Metab. brain Dis. 37 (6) (2022)
1931-1940.

V. Bortolotto, B. Cuccurazu, P.L. Canonico, M. Grilli, NF-kB mediated regulation of
adult hippocampal neurogenesis: Relevance to mood disorders and antidepressant
activity, Biomed. Res Int (2014), 612798, https://doi.org/10.1155/2014/612798.
M. Kesavan, T.S. Sarath, K. Kannan, S. Suresh, P. Gupta, K. Vijayakaran,
Atorvastatin restores arsenic-induced vascular dysfunction in rats: Modulation of
nitric oxide signaling and inflammatory mediators, Toxicol. Appl. Pharm. 280
(2014) 107-116, https://doi.org/10.1016/j.taap.2014.07.008.

B.O. Cho, H.W. Ryu, Y. So, C.O. Lee, C.H. Jin, Anti-inflammatory effect of
mangostenone F in lipopolysaccharide-stimulated RAW264.7 macrophages by
suppressing NF-kB and MAPK activation, Biomol. Ther. 22 (2014) 288-294,
https://doi.org/10.4062/biomolther.2014.052.

W.C. Dornas, L.M. Cardoso, M.E. Silva, Oxidative stress causes hypertension and
activation of nuclear factor-kB after high-fructose and salt treatments, Sci. Rep. 7
(2017) 46051, https://doi.org/10.1038/srep46051.

T.J. Guizk, D.G. Harrison, Endothelial NF-kappaB as a mediator of kidney damage:
the missing link between systemic vascular and renal disease, Circ. Res 3 (2007)
227-239, https://doi.org/10.1161/CIRCRESAHA.107.158295.

W.C. Dornas, W.G. de Lima, R.C. dos Santos, High dietary salt decreases
antioxidant defenses in the liver of fructose-fed insulin-resistant rats, J. Nutr.
Biochem 24 (2013) 2016-2022, https://doi.org/10.1016/j.jnutbio.2013.06.006.
M.J. Morgan, Z. Liu, Crosstalk of reactive oxygen species and NF-kB signaling, Cell
Res 21 (2011) 103-115, https://doi.org/10.1038/cr.2010.178.

G.D. Minin, A. Bellazzo, M. Dal Ferro, G. Chiaruttini, S. Nuzzo, L. Collavin, Mutant
p53 Reprograms TNF signaling in cancer cells through interaction with the tumor
suppressor DAB2IP. Molecul, cell 56 (2014) 617-629, https://doi.org/10.1016/j.
molcel.2014.10.013.

T. Cook, C.C. Harris, p53 mutations and inflammation-associated cancer are linked
through TNF signaling, Mol. Cell 56 (2014) 611-622, https://doi.org/10.1016/].
molcel.2014.11.018.

A.A. Elmarakby, J.E. Quigley, J.D. Imig, J.S. Pollock, D.M. Pollock, TNF-alpha
inhibition reduces renal injury in DOCA-salt hypertensive rats, Am. J. Physiol.
Regul. Integr. Comp. Physiol. 294 (2008) R76-R83, https://doi.org/10.1152/
ajpregu.00466.2007.

D.J. Fehrenbach, D.L. Mattson, Inflammatory macrophages in kidney contribute to
salt-sensitive hypertension, Am. J. Physiol. Ren. Physiol. 294 (2020) R76-R83,
https://doi.org/10.1152/ajprenal.00454.2019.

M. Saraiva, A. O’ Garra, The regulation of IL-10 production by immune cells, Nat.
Rev. Immunol. 10 (2010) 171-181, doi: 10.1038/nri2711.

V.V. Lima, S.M. Zemse, C. Chiao, G.F. Bomfim, R.C. Tostes, R.S. Webb, et al., IL-10
limits increased blood pressure and vascular RhoA/Rho-kinase signaling in
angiotensin II- infused mice, Life Sci. 145 (2016) 137-143, https://doi.org/
10.1016/j.1fs.2015.12.009.

J. Godsell, I. Rudloff, J. Harris, Clinical associations of IL-10 and IL-37 in systemic
Lupus erythematosus, Sci. Rep. 6 (2016) 34604, https://doi.org/10.1038/
srep34604.

H. Peng, Role of interleukin-10 and interleukin-10 receptor in systemic lupus
erythematosus, Clin. Rheuma 32 (2013) 1255-1266, https://doi.org/10.1007/
s10067-013-2294-3.

P. Katsmbri, E. Korakas, A. Kountouri, I. Ikomomidis, V. Lambadiari, The effect of
antioxidants and anti-inflammatory capacity of diet on Psoriasis and Psoriatic
anthritis phenotype: Nutrition as therapeutic tool, Antiox 10 (2021) 157, https://
doi.org/10.3390/antiox10020157.

S. Mercan, LK. Altunay, B. Demir, A. Akpinar, S. Kayaoglu, Sexual dysfunctions in
patients with neurodermatitis and Psoriasis, J. Sex. Marital Ther. 34 (2008)
160-168, https://doi.org/10.1080/00926230701267951.


https://doi.org/10.3390/ijms20236008
https://doi.org/10.1007/s00264-013-2261-2
https://doi.org/10.1007/s00264-013-2261-2
https://doi.org/10.1038/sigtrans.2017.23
https://doi.org/10.1111/j.1743-6109.2010.01762.x
https://doi.org/10.1111/j.1743-6109.2010.01762.x
https://doi.org/10.1016/j.yclnex.2019.04.001
https://doi.org/10.1016/j.yclnex.2019.04.001
https://doi.org/10.4103/0019-5545.102424
https://doi.org/10.12659/msm.883708
https://doi.org/10.12659/msm.883708
https://doi.org/10.1111/jfbc.13287
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref26
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref26
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref26
https://doi.org/10.1177/0960327113504790
https://doi.org/10.1177/0960327113504790
https://doi.org/10.1186/s13104-019-4611-7
https://doi.org/10.1254/fpj.97.2_115
https://doi.org/10.1006/abio.1976.9999
https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.1006/niox.2000.0319
https://doi.org/10.1016/S0021-9258(18)62207-0
https://doi.org/10.1016/S0021-9258(18)62207-0
https://doi.org/10.1002/biof.5520310205
https://doi.org/10.1111/j.1471-4159.1984.tb12832.x
https://doi.org/10.1111/j.1471-4159.1984.tb12832.x
https://doi.org/10.1002/pi.4980170418
https://doi.org/10.1002/pi.4980170418
https://doi.org/10.1211/0022357011777846
https://doi.org/10.1111/j.1600-0447.1990.tb05348.x
https://doi.org/10.1038/sj.bjp.0706991
https://doi.org/10.1038/sj.bjp.0706991
https://doi.org/10.1097/MD.0000000000026326
https://doi.org/10.1097/MD.0000000000026326
https://doi.org/10.3349/ymj.2016.57.6.1329
https://doi.org/10.1152/physrev.00037.2016
https://doi.org/10.1080/22311866.2018.1523687
https://doi.org/10.1105/tpc.19.00510
https://doi.org/10.3390/ijms21010088
https://doi.org/10.3390/ijms21010088
https://doi.org/10.1111/j.1743-6109.2008.01187.x
https://doi.org/10.1111/j.1743-6109.2008.01187.x
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref47
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref47
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref48
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref48
https://doi.org/10.1016/j.neuro.2020.08.001
https://doi.org/10.1016/j.neuro.2020.08.001
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref50
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref50
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref50
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref50
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref51
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref51
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref51
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref51
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref52
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref52
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref52
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref52
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref52
https://doi.org/10.1155/2014/612798
https://doi.org/10.1016/j.taap.2014.07.008
https://doi.org/10.4062/biomolther.2014.052
https://doi.org/10.1038/srep46051
https://doi.org/10.1161/CIRCRESAHA.107.158295
https://doi.org/10.1016/j.jnutbio.2013.06.006
https://doi.org/10.1038/cr.2010.178
https://doi.org/10.1016/j.molcel.2014.10.013
https://doi.org/10.1016/j.molcel.2014.10.013
https://doi.org/10.1016/j.molcel.2014.11.018
https://doi.org/10.1016/j.molcel.2014.11.018
https://doi.org/10.1152/ajpregu.00466.2007
https://doi.org/10.1152/ajpregu.00466.2007
https://doi.org/10.1152/ajprenal.00454.2019
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref64
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref64
https://doi.org/10.1016/j.lfs.2015.12.009
https://doi.org/10.1016/j.lfs.2015.12.009
https://doi.org/10.1038/srep34604
https://doi.org/10.1038/srep34604
https://doi.org/10.1007/s10067-013-2294-3
https://doi.org/10.1007/s10067-013-2294-3
https://doi.org/10.3390/antiox10020157
https://doi.org/10.3390/antiox10020157
https://doi.org/10.1080/00926230701267951

J.K. Akintunde et al.

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[771

[78]

H. Zhu, S. Zhang, Hypoxia inducible factor-1a/vascular endothelial growth factor
signaling activation correlates with response to radiotherapy and its inhibition
reduces hypoxia-induced angiogenesis in lung cancer, J. Cell Biochem 119 (2018)
7707-7718, https://doi.org/10.1002/jcb.27120.

L. Hui-Yao, Y. Yue, F. Yu-Hong, W. Ying, G. Xin-Yuan, Hypoxia-inducible factor-1a:
a promising therapeutic target for vasculopathy in diabetic retinopathy, Pharm.
Res 159 (2020), 104924, https://doi.org/10.1016/j.phrs.2020.104924.

L. Vignozzi, A. Morelli, M. Maggi, Effect of sildernafil administration on penile
hypoxia induced by cavernous neurotomy in the rat, Inter. J. Impot. Res 20 (2008)
60-67, https://doi.org/10.1038/sj.ijir.3901596.

E. Hovsepian, F. Renas, S. Siffo, G.A. Markin, N.B. Goren, IL-10 inhibits the NF-kB
and ER K/MAPK-mediated production of pro-inflammatory mediators by up-
regulation of SOCS-3 in Trypanosoma cruzi-infected cardiomyocytes, PLoS One 8
(2013), €79445, https://doi.org/10.1371/journal.pone.0079445.

K. Balamurugan, HIF-1 at the crossroads of hypoxia, inflammation, and cancer, Int
J. Cancer 138 (2016) 1058-1066, https://doi.org/10.1002/ijc.29519.

E.G. Oh, J.Y. Yoo, Progression of erectile function in men with chronic obstructive
pulmonary disease: a cohort study, BMC Pulm. Med 19 (2019) 139, https://doi.
org/10.1186/s12890-019-0902-y.

X. Zhang, J. Zhao, F. Zhao, J. Yan, F. Yang, B. Lv, Protective effect of Salidroside on
hypoxia-induced corpus cavernosum smooth muscle cell phenotypic
transformation, Evid. Based Compl Alt. Med (2017). ID 3530281. doi.org/
10.1155/2017/3530281.

J.L. Hannan, O. Kutlu, B.L. Stopak, Valproic acid prevents penile fibrosis and
erectile dysfunction in cavernous nerve-injured rats, J. Sex. Med 11 (2014)
1442-1451, https://doi.org/10.1111/jsm.12522.

B.M. Bettcher, J. Neuhaus, M.J. Wynn, F.M. Elahi, K.B. Casaletto, R. Saloner, et al.,
Increases in a pro-inflammatory chemokine, MCP-1. Are related to decreases in

646

[79]

[80]

[81]

[82]

[83]

[84]

[85]

Toxicology Reports 10 (2023) 633-646

memory over time, Front. Aging Neurosci. (2019) 00025, https://doi.org/
10.3389/fnagi.2019.00025.

S.E. Kuyooro, J.K. Akintunde, F.C. Okekearu, E.N. Maduagwu, Toxicokinetics and
biliary excretion of n-nitrosodiethylamine in rat supplemented with low and high
dietary protein, J. Diet. Suppl. 16 (2016) 1-15, https://doi.org/10.1080/
19390211.2018.1471561.

B. Hoesel, J.A. Schmid, The complexity of NF-kappa B signaling in inflammation
and cancer, Mol. Cancer 12 (2013) 18, https://doi.org/10.1186/1476-4598-12-86.
S. Park, W.S. Yang, N.J. Han, S.K. Lee, H. Ahn, LK. Lee, et al., Dexamethasone
regulates AP-1 to repress TNF-a induced MCP-1 production in human glomerular
endothelial cells, Neph Dialy Trans. 19 (2004) 312-319, https://doi.org/10.1093/
ndt/gfg583.

S.P. Unsworth, C.J. Heisel, C.F. Tingle, N. Rajesh, P.E. Kish, A. Kahana, Retinoic
acid potentiates orbital tissues for inflammation through NF-kB and MCP-1, Invest
Ophthalmol. Vis. Sci. (2020) 32663289, https://doi.org/10.1167/iovs.61.8.17.

A. Leitolis, S. Crestani, A.E. Linder, J.E. da Silva-Santos, High salt-intake reduces
Apomorphine-induced penile erection and increases of neutrally mediated
contractile responses of the cavernosal smooth muscle in rats, Am. J. Hypertens. 32
(2019) 1206-1213, https://doi.org/10.1093/ajh/hpz142.

E. Nikpey, T.V. Karisen, N. Rakova, J.M. Titze, O. Tenstad, H. Wiig, High-salt diet
causes osmotic gradients and hyperosmolarity in skin without affecting interstitial
fluid and lymph, Hyperten 69 (2017) 660-668, https://doi.org/10.1161/
HYPERTENSIONAHA.116.08539.

J. Titze, R. Lang, C. Ilies, K.H. Schwind, K.A. Kirsch, P. Dietsch, et al., Osmotically
inactive skin Na-+ storage in rats, Am. J. Physiol. Ren. Physiol. 285 (2003)
F1108-F1117, https://doi.org/10.1152/ajprenal.00200.2003.


https://doi.org/10.1002/jcb.27120
https://doi.org/10.1016/j.phrs.2020.104924
https://doi.org/10.1038/sj.ijir.3901596
https://doi.org/10.1371/journal.pone.0079445
https://doi.org/10.1002/ijc.29519
https://doi.org/10.1186/s12890-019-0902-y
https://doi.org/10.1186/s12890-019-0902-y
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref76
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref76
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref76
http://refhub.elsevier.com/S2214-7500(23)00057-4/sbref76
https://doi.org/10.1111/jsm.12522
https://doi.org/10.3389/fnagi.2019.00025
https://doi.org/10.3389/fnagi.2019.00025
https://doi.org/10.1080/19390211.2018.1471561
https://doi.org/10.1080/19390211.2018.1471561
https://doi.org/10.1186/1476-4598-12-86
https://doi.org/10.1093/ndt/gfg583
https://doi.org/10.1093/ndt/gfg583
https://doi.org/10.1167/iovs.61.8.17
https://doi.org/10.1093/ajh/hpz142
https://doi.org/10.1161/HYPERTENSIONAHA.116.08539
https://doi.org/10.1161/HYPERTENSIONAHA.116.08539
https://doi.org/10.1152/ajprenal.00200.2003

	Downregulation of inflammatory erectile dysfunction by Mantisa religiosa egg-cake through NO-cGMP-PKG dependent NF-kB signa ...
	1 Introduction
	2 Materials and methods
	2.1 Chemicals and reagents
	2.2 Animal treatment and experimental design
	2.2.1 Cake formulation and dose selection

	2.3 Preparation of penile homogenate
	2.4 Bioassays
	2.4.1 Lipid peroxidation
	2.4.2 Assay of NO as a marker of NO synthesis
	2.4.3 Phosphodiesterase-5’ (PDE-5’) activity determination
	2.4.4 Determination of ATPase, ADPase and AMPase activities
	2.4.5 Adenosine deaminase activity determination (ADA)
	2.4.6 Determination of acetylcholine esterase (AChE) and butyrylcholine esterase (BuChE) activities
	2.4.7 Monoamine oxidase-A (MAO-A) activity determination
	2.4.8 Examination of penile histopathology
	2.4.9 ELISA of penile necrotic factor Kappa-β (NF-kB)

	2.5 Isolation of RNA
	2.5.1 Real-Time PCR analysis of penile TNF-α, p53, HIF-1 and MCP-1

	2.6 Statistical analyses

	3 Results
	3.1 10% PMEC reduced penile malonaildehyde (pMDA) with corresponding up-production of NO levels in rats exposed to mixture  ...
	3.2 Effect of 10% PMEC, a dietary cake on the activities of penile arginase and PDE-51 in rats exposed to mixture of NaCl a ...
	3.3 Effect of 10% PMEC, a dietary cake on the extracellular hydrolysis of ATP and adenosine deaminase activity in rats expo ...
	3.4 Effect of 10% PMEC, a dietary cake on the activity of penile neurotransmitter enzymes (AChE, BuChE and MAO-A) in rats e ...
	3.5 Dietary cake (10% PMEC) reduces histopathological lesions in the corpus cavernosum
	3.6 Effect of 10% PMEC, a dietary cake on the NF-kB dependent signaling pathway in rats exposed to mixture of NaCl and MSG
	3.7 Effect of 10% PMEC, a dietary cake on the RT-PCR expression analysis of TNF-α, p53, IL-10 and HIF-1 in rats exposed to  ...
	3.8 Effect of 10% PMEC, a dietary cake on the RT-PCR expression analysis of chemokine MCP-1 in rats exposed to mixture of s ...

	4 Discussion
	Source of funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data Availability
	Acknowledgment
	References


