Biomedical
Research & Therapy

CrossMark

4 clickfor updates

*For correspondence:

elhamhassan2006@yahoo.com
elham.ali@women.asu.edu.eg

Competing interests: The authors
declare that no competing
interests exist.

Received: 31 December 2016
Accepted: 10 February 2017
Published: 20 Februry 2017

Copyright The Author(s) 2017. This
article is published with open
access by BioMedPress (BMP).

This article is distributed under the
terms of the Creative Commons
Attribution License (CC-BY 4.0)
which permits any use,
distribution, and reproduction in
any medium, provided the original
author(s) and the source are
credited.

ISSN: 2198-4093

www.bmrat.org

©

Original Research

The potential role of mesenchymal stem
cells in a hypoxia model induced by
sodium nitrite in testes of male albino
rats

Nadia H. Ismaeil', Amany A. Osman’, Elham H.A. Ali'",
Laila A. Rashed?, Manal A. Saleh’

'Faculty of Women for Arts, Science and Education, Ain Shams University, Cairo, Egypt
2Faculty of Medicine, Cairo University, Cairo, Egypt

Abstract

Introduction: The present work aims to examine the possible role of stem cells on
biochemical markers and histopathological alterations of hypoxia caused by sodium
nitrite (NaNOy) toxicity in testes of male rats. Methods: In this study, 96 adult male
albino rats were divided into 6 groups (16 rats each). Group 1 (G1) was the control group
and received distilled H,O. Group 2 (G2) received daily NaNO; (35 m/kg bwt/ day) via
subcutaneous injection for 3 weeks. Group 3 (G3) received NaNO, for 2 weeks and were
then injected once with 2*10° mesenchymal stem cells (MSCs) intravenously and
sacrificed 4 weeks later. Group 4 (G4) received NaNO, for 2 weeks and were then
injected with 2¥10® MSCs followed by daily NaNO; injection for 1 week; rats in G4 were
sacrificed 4 weeks from MSCs treatment. Group 5 (G5) rats were treated with NaNO; for
2 weeks and then left to recover for 4 weeks. Finally, Group 6 (Gé) rats were treated with
NaNO; for 3 weeks and left to recover for 3 weeks, after which point they were
sacrificed. Results: The results showed that NaNO, caused oxidative damage and
histopathological alterations in the rat testes, as well as increased the levels of testes
malondialdehyde (MDA), nitric oxide (NO) and DNA fragmentation percentage (DNA F
%). Moreover, NaNO» decreased the elevated activities of testes catalase (CAT) and total
antioxidant activity (TAA), in comparison to the control group. The histological results
illustrated different distortions, vacuolization and lipid accumulations in interlobular
space as well as diminution of inter cellular germ cell layers, absence of Leydig cells,
irregular basement membrane of tubule, and separation within spermatogenic cells. In
addition, congestion and dilation of intertubular and peripheral blood capillaries were
found. Nevertheless, the administration of stem cells reduced the danger actions of
sodium nitrite by enhancing biochemical marker concentration.
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Conclusion: There was an improvement in the histology of the rat testes, including a
relatively normal order in the different stages of spermatogonia and loss of different
stages of spermatocytes. Regarding the recovery period, there was also a significant
improvement in each of the biochemical parameters assessed and in the histological
lesions.
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Introduction

Sodium nitrite (NaNOy) is a familiar preservative for meat and dye with both
dangerous and beneficial effects. Processed meats, such as hot dogs, bacon,
sliced deli meats and sausage, contain NaNO; in its list constituents. Sodium
nitrite is utilized occasionally for medicinal purposes and may be employed as a
component in the treatment of sickle-cell anemia and heart attack (Cosby et al.,
2003; Mack et al., 2008). It is a water soluble and inorganic salt extensively used
in different industries, including the agricultural, textile processing, chemical,
coloring, and disinfectant industries (U.S.DHHS, 2001).

Hypoxia refers to low oxygen concentration in the body or organs. The condition
begins from an inequality between the quantity of oxygen needed through the
body and the quantity of oxygenated blood that is provided (Maher et al., 2008).
Numerous studies have shown that the harmful impact of NaNO; induced
hypoxia is related to inflammation, oxidative stress and methemoglobinemia,
which induce injury and dysfunction of different organs (Al-Gayyar et al., 2014;
El-Sheikh and Khalil, 2011; Hassan et al., 2009; Salama et al., 2013).

The body responds to hypoxia by adaptive reactions, such as angiogenesis,
smooth muscle relaxation and vasodilatation, thereby elevating tissue blood
supply and compensating for the lack of oxygen. The hypoxia-driven adaptive
reactions also cause an elevation in the temperature of the testes (Farias et al.,
2005). The rise in temperature activates apoptosis in cells of the seminiferous
tubules of the testis. The exposure to continuous and intermittent hypoxia
changes the male mouse reproductive system. Greater testicular damage have
been observed under continuous hypoxia. With intermittent hypoxia, lesions are
less essential, suggesting that cycles of normoxia compensate the effects on the
testicle (Vargas et al., 2011).
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Stem cells are able to regenerate and are capable of differentiating into
specialized cell types (Bruder et al., 1997; Chopp et al., 2000; EI Asmar et al.,
2011; Sato et al., 2005). Anderson et al. (2001) reported that stem cells have the
potential to treat various diseases, inducing diabetes, liver, heart illness and
infertility. Adult mesenchymal stem cells (MSCs) are believed to be highly
promising applicant cells for renewal applications for the reason that they have a
high proliferative capability and the ability to differentiate into specified cells
(Caterson et al., 2002; Noth et al., 2002). In fact, MSCs are self-renewing cells
which are able to differentiate into several mesodermal tissues, e.g. bone, fat,
cartilage and muscle (Pittenger et al., 1999), and to migrate toward damaged
tissue sites (Fujimoto et al., 2012). The present work aims to evaluate the action
of NaNO; induced hypoxia on male rat testes and the therapeutic role MSCs
play in the deleterious effects of NaNO; on testes.

Materials - Methods

Experimental animals

In the present study 96 adult male albino rats (weighing 150-180 g) were used.
Rats were obtained from Ain Shams Hospital Animal House. Rats were left for
two weeks for acclimatization before starting the experiments. Animal
procedures and experimental protocols were approved by Ain Shams University
authorities; they were in accordance with the Egyptian animal protection rules
and consistent with the guidelines of the European Communities (EC) (1986).

Sodium nitrite (NaNO;) administration

NaNO; (7632-00-0) was obtained from Alahram Company (Al-Sadat city, Egypt)
and dissolved in distilled water at 27°C. It was administered subcutaneously to

rats at a dose of 35 mg/kg bwt/day, as previously described by Bhanumathy et
al. (2010) (Bhanumathy et al., 2010).

Isolation, propagation, identification and labeling of MSCs derived
from bone marrow of rats

Bone marrow was removed from the tibiae and femurs of male rats, aged 6
weeks old, and flushed in Dulbecco’s modified Eagle’s medium (DMEM, GIBCO/
BRL) enhanced with 10% fetal bovine serum (FBS, GIBCO/BRL). The nucleated
cells were then separated in a density gradient via Ficoll/Paque (Pharmacia) and
re-suspended in whole culture medium complemented with 1% penicillin
streptomycin (GIBCO/BRL). Cells were cultured at 37°C, 5% humidified CO; for
12-14 days during the primary culture. The medium were replaced each 2-3
days.
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When colonies grew large (80-90% confluence), the culture was rinsed with PBS
twice and the cells were trypsinized with 0.25% trypsin in 1 mM EDTA (GIBCO/
BRL) for 5 min at 37°C. After centrifugation, cells were re-suspended with serum-
supplemented culture and kept warm in 50 cm? culture flasks (Falcon). The
resultant media were considered first route supernatant cultures (Alhadlag and
Mao, 2004). On day 14, the adherent cell colonies were trypsinized and counted.

Cells were recognized as MSCs by the identification of their morphology,
adherence, and ability to transform into osteocytes (Jaiswal et al., 1997) and
chondrocytes (Seo et al., 2009). Transformation into osteocytes was attained by
adding 1 to 1000 nM dexamethasone, 0.25 mM ascorbic acid, and 1 to 10 mM
beta-glycerophosphate to the culture. Transformation of MSCs to osteoblasts
was attained through morphological changes and Alzarin red staining of
differentiated osteoblasts. Transformation to chondrocytes was attained by
adding 500 ng/ml bone morphogenetic protein-2 (BMP-2; R&D Systems) and 10
ng/ml transforming growth factor-B3 (TGF- B3) (Peprotech, London) for 3 weeks
(Seo et al., 2009). In vitro transformation into chondrocytes was verified by
morphological changes and Alcian blue staining of differentiated chondrocytes.
Flow cytometric analysis of cultured MSCs surface markers was also done.

In the current study, MSCs were tagged with PKH26 (Sigma, Saint Louis, MO),
consistent with the manufacturer’s advice. Cells were intravenously injected once
into the rat tail vein at a dose of 2*10° cells, according to previously published

by Kebriaei et al. (2009) (Kebriaei et al., 2009).
Experimental Design

Rats were randomly split into six main groups with 16 rats each. Group 1 (G1)
received distilled water and served as the control. Group 2 (G2) received daily
subcutaneous (s.c.) NaNO; injections at a dose of 35 mg/kg bwt/ day for 3
weeks. Group 3 (G3) received NaNO; for 2 weeks and were then injected once
with MSCs (2*10¢ cells) intravenously; rat were sacrificed 4 weeks after MSC
injection. Group 4 (G4) were treated with NaNO; for 2 weeks and then treated
with MSCs at 1 week following NaNO; injection; rats were sacrificed 4 weeks
from MSC injection. Group 5 (G5) were treated with NaNO; for 2 weeks and
then left to recover for 4 weeks and then sacrificed. Lastly, Group 6 (Gé) received
NaNO, for 3 weeks then left to recover for 3 weeks and then sacrificed.

Biochemical Studies

Testes samples were prepared by taking a weighted part of the testes and
homogenizing in the recommended saline. Biochemical analyses were
conducted, which included colorimetric determination of NO (carried out
according to Miranda et al. (2001) ( Miranda et al., 2001) using modified Griss
reagent), measurement of malondialdehyde in the tissue (using a modified
thiobarbituric acid (TBA) assay consistent with Draper and Hadley (1990) (Draper
and Hadley, 1990)), percentage of DNA fragmentation (as determined by
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quantitative analysis using diphenylamine assay, according to the method
described by Sharawy (2013) (Sharawy, 2013), and catalase activity determination
(through a method used by Bock and Pavelka (1980) (Bock et al., 1980)).
Moreover, total antioxidant activity was verified, according to Koracevic et al.
(2001) (Koracevic et al., 2001).

Histopathological Examination

In the present study, testes specimens were carefully dissected and fixed in
Bouin’s solution for routine histological analysis, and implanted in paraffin wax at
60°C. Serial transverse sections were then cut at 5-6 microns in thickness using
Cambridge Rocking Microtome and affixed to slides. For general histological
examination, sections were stained with Hematoxylin and Eosin (Drury and
Wallington, 1980).

Statistical Analysis

Reported data represented the mean *= SE for 8 animals per group. For
statistical analysis, one-way analysis of variance (ANOVA) and post-HOC test
("least significant difference (LSD) analysis) were completed using statistical
package for social science (SPSS) for Windows software (version 17). Statistical
significance was set at p<0.05.

Results

Biochemical investigation

The results of the biochemical parameters are shown in Table 1. Oxidative stress
parameters showed a significant increase in all treated groups with regards to
the following: the value of testes nitric oxide (NO) contents, malondialdehyde
(MDA) contents, and DNA fragmentation percentage (DNA F%). On the other
hand, there was a significant reduction in catalase activity (CAT) and total
antioxidant activity (TAA) of G2 group as compared to the G1 control group.
Only G3 rats showed a non-significant change in MDA contents.

Moreover, there was a significant reduction in the recovery groups and the MSC
treated groups with respect to testes NO contents, MDA contents, and DNA
F%, when compared with those rats in G2 group. Conversely, testes catalase
activities (CAT) and total antioxidant activities (TAA) were significantly increased
in stem cell groups and recovery groups, compared to G2 rats.

Histological investigations

In the present study, sections from the testes of the control rats (G1) showed
normal structures of seminiferous tubules and interstitial tissue (Fig. 1A).
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Spermatogonia was normal too, with primary and secondary spermatocytes/
spermatids developing as standard, and moving towards Sertoli cells (Fig. 1B).

Table 1. Total nitric oxide (NO) contents in the testes (mM/g), malondialdehyde

(MDA)

contents (uM/g), DNA fragmentation percentage (DNA F %), catalase

activities (CAT) (u/g/sec), and total antioxidant activities (TAA) (mM/g/min) are
shown for the various treated groups

Parameters NO MDA DNA F% CAT TAA
Groups
G1 64.96+0.811 28.91+1.189 | 33.68+0.669 | 0.32+0.012 46.32+0.357
G2 154.07+2.286° | 51.02+2.483* | 65.48+1.505° | 0.14+0.015° | 14.33+0.782:
G3 79.71+1.254% | 31.37+1.575b | 38.62+1.760% |0.29+0.017> | 44.39+0.391°
G4 107.75+1.019%¢ | 38.34+0.607°b< | 47.28+0.459%¢ | 0.27+0.015% | 31.32+0.5212b¢
G5 112.45+2.250%¢d | 42.18+2.057%6¢ | 56.24+1.537%bcd | 0.22+0.015%<d | 29.67+1.0343<
G6 139.72+0.938%cde | 48.55+0.7812 | 59.32:¢0.9212cde | 0.180.038%<de | 22 67+0.450zbcde

Values are means of 8 rats + SE at p<0.05. ‘a’ represents significant change from control group

(G1), o’

represents significant change from hypoxic (G2) group, ‘c’ represents significant change

from G3 group, ‘d’ represents significant change from G4 group, and ‘e’ represents significant

change from group treated with sodium nitrite for 2 weeks then left for recovery period (G5).

The hypoxic group (G2) showed seriously injured seminiferous tubules.
Microscopic alterations were regarded as characteristic indications for seriously
injured tubules. The greater part of the seminiferous tubules showed
vacuolization, lipid accumulation in intertubular space with gelatinous material in
intertubular connective tissues, and diminution of Leydig cells. Also, germ cell
layers were reduced (Fig. 1C). Abnormally shaped seminiferous tubules
manifested irregular tubule basement membranes within necrotic areas of the
spermatogenic cells layers (Fig. 1D). Meanwhile, some seminiferous tubules
appeared with cellular debris in the tubular lumen (Fig. 1E). Numerous giant
cells were observed with cluster multinucleated nesting arrangement,
karyorrhexis of Leydig cells, depletion of spermatocytes, hyaline material with
absence of Leydig cells in interstitial connective tissues, and separated
seminiferous tubule basement membranes.

Specifically, the G3 group revealed significant improvement of basement
membrane and seminiferous tubules borders; some elongated tubules as shown
in Fig. 1F. Moreover, the seminiferous tubules showed a nearly normal pattern of
all the spermatogenic stages, activated Sertoli cells, and a slightly disordered
and thickened outer basal layer.
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There were definite improvements of histopathological lesions seen after MSC
therapy. These are clearly demonstrated in Fig. 2A. The testicular structure
sections from G4 rats showed a relatively normal pattern of different
seminiferous tubules, accompanied by an intertubular space (with dilated and
congested interstitial blood vessels), hyaline substances, and a rare disturbance
pattern of spermatocytes (Figs. 2B,C).

Figure 1. Histological organization of the seminiferous tubules of rats in the
groups. A-B: (G1 group) demonstrates two microscopic images of rat testes:
low magnification image of one seminiferous tubule and seminiferous epithelium
including Sertoli (sr) and germ cells (sg) at different phases of primary
spermatozoa (pr) ,secondary spermatozoa (sc) and spermatides (sp). C-E: (G2
group). Figure C shows vacuolization and lipid accumulations in interlobular
space with gelatinous material, and diminution of intercellular germ cell layers
and absence of Leydig cells. Figure D shows disorganization of the seminiferous
epithelium, as observed by degeneration within the seminiferous lumen filled
with cellular debris, an irregular tubule basement membrane, and separation
within spermatogenic cells. Figure E illustrates cellular debris in the tubular
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lumen, numerous giant cells with cluster multinucleated nesting arrangement (O)
and Karyorrhexis of Leydig cells (arrow). F. (G3 group) showing a definite
amelioration of basement membrane (normal appearance) and seminiferous
tubules borders, with some other elongated tubules. (A-E: X400; F: X100).

Figure 2. Testes sections from rat groups. A: Testes section from G3 group
demonstrate the seminiferous tubules showing a nearly normal appearance with
all spermatogenic stages, activated Sertoli cells, and slightly disordered and
thickened outer basal layer (H&E X400). B: Testes section from G4 group
showing a relatively normal pattern of different seminiferous tubules wading in
the intertubular space with hyaline substances (H&E X100). C: Testes section
from G4 rats showing a relatively normal order in the different stages of
spermatogonia, and a rare disturbance pattern of spermatocytes (H&E X400). D:
Testes section from G5 group showing the seminiferous tubules to be nearly
normal with distinct pyknotic structures (short) with degenerative areas (head),
but with Leydig cells still present (long) (H&E X400). E: Testes section from G5
showing a slight improvement in the testicular structures, an abnormal
elongated shape of the seminiferous tubules, with slightly dilated and congested
of interstitial blood vessel Leydig cells, and with hyaline substances in the
background (H&E X400). F: Testes section from Gé group showing partially
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ameliorative seminiferous tubules with hyaline material, and an absence of

Leydig cells in interstitial spaces, as well as evident erosion and hydropic
degeneration (star), (H&E X 400).

The histological structure of sections of the testes of G5 rats (Figs. 2D,E)
illustrated a slight improvement of the testicular structures. They appeared
nearly normal, and the seminiferous tubules showed only a few abnormally
elongated shapes. The interstitial blood vessels were slightly dilated and
congested. There were also Leydig cells with hyaline substances and some
degenerative patches in the intertubular spaces. The testes of Gé rats showed a
partial amelioration of seminiferous tubules with hyaline material, an absence of
Leydig cells in the interstitial spaces, and evident erosion and hydropic
degeneration (Fig. 2F). Recovery of treated G5 rats revealed little pathological
change, compared to G6 treated rats.

Discussion

Sodium nitrite is known as an inorganic salt which have a variety of industrial
purposes. The adverse health effects of NaNO, in animals and humans typically
lead to the formation of methemoglobin in the blood. This is due to cyanosis
which can, at extremely elevated levels, lead to death. People are regularly
subjected to sodium nitrite during nutrition and water (Pavlova et al., 2013).
Hypoxia is recognized to obstruct fertility in man (Okumura et al., 2003) and in
other mammals. Hypoxia can influence the function of the testes by diminishing
the level of testosterone and by disturbing spermatogenesis (Farias et al., 2008).

In present study, NaNO (at a dose of 35m/kg s.c.) had pathological effects of on
the testes of rats. It led to a rise in MDA levels, as compared to control rats
(which did not receive NaNO; daily injections). In accordance with our
observation, Vossen and De Smet (2015) (Vossen and De Smet, 2015) have
shown that antioxidants can be used as therapy to decrease nitrite toxicity (Al-
Gayyar et al.,, 2014; Al-Gayyar et al.,, 2016). Interestingly, NO has been
connected to an elevation in lipid peroxidation and MDA in both humans
(Romeo et al., 2003) and experimental rats (Ozdamar et al., 2004). A rise in NO
following eNOS overexpression has been connected to germ cell apoptosis in a
cryptorchidism germ mouse model (i.e. the absence of one or both testes from
the scrotum) (Ishikawa et al., 2005).

The results obtained from the present work show that hypoxia caused an
increase in testes DNA fragmentation percentage after administration of NaNO..
This is compatible with Knaapen et al. (2005) (Knaapen et al., 2005) who
recorded a rise in DNA fragmentation in adult rats and concluded that NaNO;
induced DNA fragmentation due to oxidative stress. The rigid wrapping of
chromatin, which depends on condensation and replacement of histones with
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protamines, is particularly essential as adult spermatocytes are not capable of
fixing DNA damage (De Ambrogi et al., 2006; Laberge and Boissonneault,
2005). Free radicals possess the capability to precisely injure sperm DNA by
assaulting the purine and pyrimidine units and the backbone deoxyribose.
Generally, the DNA of sperm is firmly enveloped by protamines shielding it from
the assault of free radicals. But, infertile men frequently show a lack of
protamination, placing the DNA of the sperm susceptible to ROS assault (Oliva,
2006).

On the other hand, free radicals are able to initiate apoptosis in the sperm,
causing caspase-mediated enzymatic dilapidation of the sperm DNA (Duru et
al., 2000; Moustafa et al., 2004; Villegas et al., 2005; Wang et al., 2003). ROS
may cause varying degrees of sperm dysfunction, depending on the amount of
oxidative stress. Damage from ROS occurs primarily through two routes. First,
ROS may be responsible for DNA fragmentation which is usually seen in the
spermatozoa of infertile men by causing single- and double-stranded DNA
fractures (Kodama et al., 1996). Second, higher levels of ROS also may cause
damage through a chain of chemical reactions that result in lipid peroxidation of
the sperm plasma membrane (Alvarez et al., 1987).

The present study clearly demonstrates that there is a considerable rise in DNA
fragmentation in testes of NaNO,-treated rats in comparison with control rats.
David and Grongnet (2000) showed similar results; they reported that treatment
with NaNO; led to increasing fragmentation (David and Grongnet, 2000). More
extensive fragmentation of DNA was observed when the time of hypoxia
exposure was increased.

In our study, treatment with MSCs may cause MSC differentiation into germ cells
in the testis (Nayernia et al., 2006). The generation of oxidative stress in infertile
rats is reflected by increased production of TBARS, a measure of lipid
peroxidation in the homogenates of testes, according to Hussein et al. (2015)
(Hussein et al., 2015), and which may explain our findings. In the cell
membranes, polyunsaturated fatty acid residues react with oxygen radicals
normally causing collection of lipid peroxidation yields, several of which also
injure proteins and DNA. Leydig cells contain higher membrane lipid matter and
may affect the vulnerability of the testes for lipid peroxidation in cadmium
treated mice (Dobretsov et al., 1977; Georgiou et al., 1987; Hall, 1994).

Results of our study indicated a reduction in the testes CAT and TAA activities in
hypoxic rats compared to control ones. Treatment with MSCs significantly
restored those levels. CAT and TAA activities significantly increased in MSC
treated rats whereas the NaNO; group showed a significant decrease in
activities compared to the controls. These results could be explained by the
inhibition of CAT activity. Titov and Petrenko (2002) suggested that the
supraphysiological doses of NaNO2 inhibited catalase activity (Titov and
Petrenko, 2003). This mechanism could clarify the initial observations that
NaNO; defends H,O, against damage by catalase activity in hemolysates.
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Moreover, applications of 50 - 100 pM NaNO: hinder myeloperoxidase
enzymatic activity, stopping its utilization of H;O, (Knaapen et al., 2005).
Treatment with MSCs in the hypoxic groups led to a significant decrease of NO
and MDA contents, compared to the control group. Also, CAT and TAA activities
were increased significantly. In support of these results, El-Far et al. (2012)
demonstrated that injection of MSCs led to a correction and fix of the inequity
between ROS and antioxidant protection, thereby enhancing antioxidant-
mediated defense and adjusting lipid peroxidation (Mohamed et al., 2012).

In the present study, the MSC treated groups were associated with a significant
elevation in CAT and TAA activities, compared to G2 and other recovery groups.
However, administration of MSCs significantly prohibited the impact of NaNO-
on antioxidative regularity; it reduced NO and MDA and, in parallel, elevated
the CAT activities in the tissue of the testes. These data are in agreement with
Hussein et al. (2015) who demonstrated the antiperoxidative function of MSCs
(Hussein et al., 2015). The defense mechanism by bone marrow MSCs, in vivo,
against oxidative alteration may be due to its free radical hunting potential.
Moreover, the precise reactions of MSCs to oxidative damage may play a vital
role in control of tissue homeostasis in addition to renewal of organs following
oxidative damage (Burova et al., 2013; Hassan and Alam, 2014).

Histological changes evoked in the testes by NaNO, administration were mainly
alterations of the seminiferous tubules, including vacuolization, lipid
accumulation in intertubular space (with gelatinous material in intertubular
connective tissues), and diminution of Leydig cells. Other observed histological
changes were reduced germ cell layers, and appearance of hyaline materiel in
the lumen of seminiferous tubules and interstitial connective tissues. The results
from our study are in accordance with the majority of other works that have
revealed changes in the human male constituents of fertility by hypoxia,
including reduction in sperm count, reduction in sperm mobility and alleviation
in testosterone levels after numerous weeks of exposure.

In addition, the studies showed dilated and congested blood vessels, hyaline
material in interstitial connective tissues, and absence of Leydig cells. These
results are discussed by several studies (Barnholt et al., 2006; Okumura et al.,
2003). Earlier, Semenza, (2001) which have reported that the increase of vascular
endothelial growth factor (VEGF) contents and the representation of their
receptors in hypoxic cells are arbitrated by hypoxia inducing factor 1 (HIF-1)
(Semenza, 2001). Additionally, Hwang et al. (2007) found that VEGF has an effect
on the propagation of Leydig cells and on testosterone levels in a dose-
dependent manner (Hwang et al., 2007). Environmental hypoxia induces vascular
alterations that are related with a rise in the temperature of the testes (Farias et
al., 2005; Farias et al., 2008). Recently, Velickovic et al. (2012) reported that
at the tissue level, a hypoxic condition induces neovascularization that needs a
sequence of actions involving differentiation, proliferation and migration of
endothelial cells, as well as formation and maturation of vessels. All these are
induced through VEGF (Velickovic et al., 2012).
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In the present study, most seminiferous tubules showed disorganization of
spermatogenic cells, injured germ cells exiting the basal lamina (with vacuoles in
between the spermatogenic cells), absence of Sertoli cells, and reduction in
number of sperms with hyaline material in between. Our histopathological
results are in agreement with observations of Liao et al. (2010) (Liao et al., 2010),
who found that hypobaric hypoxia animal models show a reduction in germ cell
numbers, extremely vacuolated Sertoli cells, pyknotic germ cells, decrease in
Leydig cell number, increase of testicular blood vessels diameter, and alterations
in testosterone levels. Degeneration and necrosis of some spermatogenic cells
in association with other pathological changes were detected in the testicular
tissues of rats whose diet is supplemented with variable concentrations of
NaNO;. These findings could be due to a defect in the function of Sertoli cells,
as reported previously by Grant and Butler (1989) (Grant and Butler,
1989). Turner and Lysiak (2008) found that experimental testicular ischemia/
reperfusion (IR) in rats and mice caused a reduction in germ cells, seminiferous
epithelium vacuolization, alleviations in sperm creation, and apoptosis of germ
cells (Turner and Lysiak, 2008). The lesions are similar to the results observed in
our study.

El-Wakf et al. (2009) (EI-Wakf et al., 2009) and Ansari et al. (2015) (Ansari et al.,
2015) reported that NaNO; induces protein and lipid oxidation, membrane
damage, osmotic fragility, and morphological alterations in human erythrocytes.
Their data suggested the creation of ROS and resultant production of oxidative
stress. The method by which stable reduction in oxygen levels supply or create
injury/death of germ cells is likely a rise in intra-testicular ROS. Although ROS
possess a physiological function in the spermatogenic procedure, a pathological
rise in ROS numbers would negatively impact the endurance and development
of germ cells (Ramalho-Santos et al., 2008). The toxic consequences of using
NaNO; are believed to be arbitrated by the formation of oxidative ions. This is
reinforced by the explanation that NaNO: raises lipid peroxidation, and lowers
GSH levels and protein oxidation in treated tissues (Vossen and De Smet, 2015).
Moreover, NaNO; toxicity can be alleviated by antioxidant supplementation (Al-
Gayyar et al., 2014, Al-Gayyar et al., 2016). Pavlova et al., (2013) found that
sperm count reduction was observed in all NaNO; administration experimental
groups (Pavlova et al., 2013); these alterations could be signs of damaged
spermatogenesis.

In the present work, biochemical analyses of the testes tissue revealed that
NaNO; toxicity induced a significant elevation of MDA, NO and DNA F%. Lipid
peroxidation has been recommended as one of the basic molecular mechanisms
for degeneration and necrosis of some of the spermatogenic cells. In addition,
other pathological changes were detected in the testicular tissues of rats whose
diet was supplemented with variable concentrations of sodium nitrite (Vossen
and De Smet, 2015). These findings could be due to defects in the function of
Sertoli cells, as reported previously by Grant and Butler (1989) (Grant and Butler,
1989). Additionally, formation of reactive nitrogen species by NaNO, plays a
vital role in its carcinogenic effect on cells or different body tissues- activating
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lipid peroxidation, enzyme inactivation, DNA abrasions and organ injury (El-Wakf
et al., 2009). These mechanisms could explain the detection of different
pathological changes in various organs examined in the present work.

Lim et al. (2014) and Marx et al. (2015) also reported that MSCs are believed to
be the main promising cell platform for curative applications (Lim et al., 2014;
Marx et al., 2015). Nevertheless, the proliferation of MSCs and differentiation
capability may vary among species and tissue origin. Numerous studies have
showed that O, supply might deeply affect stem cell viability and can support
certain types of stem differentiation, while preventing other types of
differentiation . Spermatogenesis in mammals is a firmly
synchronized and incessant process where spermatogonial cells upgrade to the
final form of spermatozoa. A physiological hypoxic state keeps self-renewal of
spermatogonial cells and spermatogenesis. The vulnerability of the testes to
pathological hypo-oxygenic state, particularly chronic hypoxia, is a cause of
some types of male infertility (Velickovic and Stefanovic, 2014).

Our histological evaluation of rat testes sections of groups treated with MSCs
(G3 and G4 groups) showed an improvement of the testicular structure and a
relatively normal order of the different stages of spermatogonia. These results
are in agreement with Cakici et al. (2013) (Cakici et al., 2013), who recorded that
MSCs were present in both the external basal partitions and in the internal side
of seminiferous tubules. Such observations suggest that MSCs might possess a
role in recovering spermatogenesis via two mechanisms: 1) MSC transformation
into sperm, or 2) preservation of the spermatogonial cells. Hassan and Alam
(2014) showed that a functional rich source for treating infertility is through MSCs
(Hassan and Alam, 2014). Yazawa et al. (2006) confirmed that MSCs possess the
ability to distinguish into steroidogenic cells, like Leydig cells, in vivo and in vitro
(Yazawa et al., 2006). Lue et al. (2007) revealed that MSCs, injected into testes of
infertility busulfan-treated mice, can differentiate into germ cells, Leydig cells
and Sertoli cells (Lue et al., 2007).

Conclusion

Treatment with NaNO; induced hypoxia in the rat testes. NaNO, led to an
increase of NO, MDA contents and DNA F% in testes tissues. In addition, a
significant decrease was shown in CAT and TAA activities of testes tissues when
compared with control rats. Moreover, the histological hypoxic testes sections
showed detachment of basement membrane from spermatogenic layers and
widening of seminiferous lumen, faintly stained spermatogenic cell layers in
different stages (due to vacuolated cytoplasm), and hydropic degeneration and
swing shape of sperm cells. Importantly, treatment of rats with MSCs improves
toxicity associated with NaNO; induced hypoxia in the testes of the rats. Overall,
the data indicate that MSC therapy can limit damage from hypoxia induced by
NaNOz.
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