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KEYWORDS
Nitrate is a common contaminant in groundwater aquifers. Current study Sodium nitrate;
aimed at evaluating the potential testicular toxicity of sodium nitrate in Testis;
adult mice and treated with garlic oil. Sodium nitrate was given orally to Flow cytometry;
mice at doses of 900 mg/kg/day for 35 consecutive days. Sperm count and Spermatogenesis.

motility, viability and testis weight were significantly decreased. Testicular
activities of hormones (Testosterone, LH and FSH) were significantly in-
hibited in NaNO, treated group. The proportions of diploid and tetraploid
cells decreased in NaNO, treatment, but showed an increase after treat-
ment with garlic oil. The decrease in sperm count and motility and other
parameters were confirmed by histopathological studies which indicated
congested dilated interstitial blood vessels, degenerations in the seminif-
erous tubules and intercellular dissociations of germ cells, and necrosisin
spermatocytes. |n conclusion, exposure of miceto sodium nitrate resultsin
testicular toxicity asevidenced by decreased sperm count and motility, and
testisweight, inhibited activity of enzyme markers of spermatogenesisand
induction of histopathological changes. These effects are attributed, at
least partly, to testicular oxidative stress. Also, garlic treatments appear
able to cure the sodium nitrate-induced testicular toxicity. The protective
effects should be associated with its antioxidative activities.

© 2011 Trade SciencelInc. - INDIA

INTRODUCTION

Nitrateisthemost common chemica contaminant
intheworl d’s groundwater aquifers'?. Groundwate is
the sourcefor >50% of drinking water supplies, 96%
of private water supplies, and an estimated 39% of
public water supplies. An estimated 42% of the U.S.
population uses groundwater astheir drinking water
supply. However, theWorld Hedl th Organi zation drink-

ing water guidelinevauefor nitrate hasbeen set at 45
mg/L=¥. Inthe European Union, themaximum admis-
siblenitratelevel indrinking water has been set at 50
mg/L1.

Ingested nitrateisreduced to nitrite, which bindsto
hemogl obin to form methemoglobin. Infantsare par-
ticularly susceptibleto devel oping methemogl obin-
emid®, Nitrateisaprecursor in the formation of N-
nitroso compounds (NOC), aclassof genotoxic com-
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pounds, most of which areanimal carcinogensg®. Ani-
mal studiessuggest that nitratea high dosescaninduce
hypertrophic changesinthethyroid®. Inahuman, con-
sumption of water with nitratelevel swas associated
with thyroid hypertrophy®, increased blood pres-
sure!?”, and acute respiratory tract infectiong4. Ad-
verse reproductive outcomes of nitratesin drinking
water have been reviewed . Nitrate contamination of
drinking water may increase cancer risk, because ni-
trateisendogenoudy reduced to nitriteand subsequent
nitrosation reactionsgiveriseto N-nitroso compounds,
these compoundsare highly carcinogenic and can act
systemicdly™.

Highnitrate concentrationsin drinking water caused
adeclinein gperm count and motility inmice. Thiswas
accompanied with alteration in testicular 17-
hydroxysteroid dehydrogenase and gammaglutamyl
transpeptidase®.

Garlic (Alliumsativum) belongstofamily Alliaceae
was considered one of the most important plantsthat
has been used for decades by the Egyptian population;
itscharacteristic odor arisesfromalicin (alyl 2-pro-
penethiosulfinateor didlyl thiosulfinate) and other oil-
soluble sul phur components?. Garlic extractsand its
abundant organosul phur molecules(S-dlyl cysteinesul-
foxide) have been shown to exert antioxidant effects
through itsability to scavengereactive oxygen species
ROS". Thewealth of scientific literature supportsthe
proposal that garlic and its preparationshelpin pre-
venting or reducing therisk of cardiovascular compli-
cations, stroke, and cancer!?8.

Galicail (GO) exetsitseffectsby modulating lipid
peroxidation and anti-oxidants. It hasgot differing ef-
fectsinthetarget organ and host tissuesthat reflect its
modulatory rolein cdl proliferation. Garlicoil hasbeen
reported to scavenge freeradica speciesand modu-
latethelevel sof lipid peroxidation and antioxidantg.
To date, it has been reported that heated garlic juice
waseffectivein recovery of testicular function after ex-
perimental testicular hypogonadism but other laborato-
ries have reported that powder™ or crude™ garlic
preparationsimpaired testicular and maereproductive
tract functions. Moreover, garlic metabolitessuch as
didlyl trisulfide have been reported to have spermicida
effectd®. Themechanismsof garlic actionon malere-
production function, and particularly on spermatogen-

es's, however, remain unknown.

Therefore, the present study was undertakentoin-
vestigatetheantioxidant activity of garlicoil inevoking
positive responses in the toxic model produced by
NaNO, inthetestes of malealbino mice.

MATERIALSAND METHODS

Sodium nitrate (98.5% pure) was procured from
Merck Chemicals, Germany. A test solutionindrinking
water was prepared daily 24 hoursprior tofeedingat a
concentration of 900 ppm®.. Sexualy mature (7 weeks)
white Swissmaemicewe ghing 20+2 g bred a Fayoum
faculty of scienceanima house colony wereused. They
werefed ad libitum on a pellet diet and maintained
under standard |aboratory conditions. Miceweredi-
vided into four groups. Control group received tape
water. Garlic oil group received orally 200 mg/kg bw
galicoil (Egyptiangarlicoil wasobtaned from El-Cap-
tain Company, Egypt). Sodium nitrategroup received
900 mg/ kg bw of NaNQ, in drinking water freshly
daily prepared, treated group received 900 mg/kg bw
of NaNO, indrinking water and treated with garlic ol
with dose 200 mg/kg bw7 for 36 days. Theanimals
were sacrificed by cervica disocation on the end of
theexperiment.

SPERM COUNTANDVIABILITY

To measurethe sperm reserves, caudaepididymis
were minced, and homogenized for 1 minin5.0 ml of
physiologica salinesolution or phosphate buffer saline
solutioniz 3, The homogenate wasfiltered and then
0.1 ml of filtratewasdiluted with 2.0 ml of salinesolu-
tion containing 4% trypan blue. From this solution, 20
ul aliquots were placed on the Neubauer hemacytom-
eter for counting the number of sperms/mg of cauda
epididymistissue.

Theratio of live to dead spermatozoa or sperm
viability was determined using 1% trypan blue asde-
scribed inthe method of 2, Briefly, undiluted sperm
samples(0.2 ml) used for countingwereincubated with
0.2ml of 1% trypan bluestainfor 15minat 37°C. A
drop of thesuspension wasplaced inaNeubauer cham-
ber under acover dip, adlowedto settlefor 1 min, and
observed under aNikon binocular microscope. The
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numbers of stained and unstained spermatozoawere
scored in 10to 20 separatefields.

SPERM MOTILITYANALYS'S

The spermswere collected as quickly aspossible
after amouse was sacrificed. The caudaepididymis
was placed in 1 ml of 37°C phosphate buffer saline
solution and cut by surgical bladesinto approximately
1 mm?3 pieces. Thesolution was pipetted several times
to homogeni zethe sperm suspension. Onedrop of the
suspension was placed on aslide, covered by a24 x
24 mm coverdip, and eva uated under amicroscopeat
200x magnification. Thegpermswere categorized based
onther motility as “motile” or “immotile”. The results
wererecorded asthe percentage of spermmatility.

EPIDIDYMAL SPERM MORPHOLOGY

After evaluating epididymal sperm motility, the
sperm suspension was used for theanal ysis of sperm
morphology. Thus, one drop of the suspension was
smeared onto aglass dideand stained with 1% eosin
was anal ysed microscopically for morphological ab-
normalities. A total of 200 spermsfrom each mouse
wereexamined®, Intotal, 2000 spermson each dide
were eval uated and the resultswererecorded asthe
percentage of abnormal sperm on each slide. Abnor-
mal heads and tailswere evaluated by using thecrite-
ri a 0f[21, 22,24] .

HORMONEASSAY S

Theblood sampleswere obtained fromtheanimas
by heart puncture. The serum level of testosterone,
[uteinizing hormone, and FSH were determined(*2 %01
using radioimmunoassay kits produced from
Immunotech (Marsallle, France).

HISTOPATHOLOGY

For higopathologicd examination, thetesticular tis-
suesweredissected, and thetissue sampleswerefixed
in10% neutrd buffered formain solutionfor 24 h, then,
processed by using agraded ethanol series, and em-
bedded in paraffin. The paraffin sectionswerecut into
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5 um thick slices and stained with hematoxylin and eosin
for light microscopic examination. The sectionswere
viewed and photographed by using alight microscope.

FLOW CYTOMETRY ANALYSIS

Flow cytometry analysis was carried out as de-
scribed previoudy!*’. Testeswere mechanically disso-
ciated and suspended in the citrate buffer (4°C) and
cell number was estimated with aCoulter Z1 counter
(Coulter ElectronicsLimited, Luton, Beds, England).
Sampleswere adjusted toacell count of 2 x 107 cells/
mL and centrifuged at 800 g for 10 min. The superna-
tant was removed and 0.5% trypsin in the spermine
tetrahydrochl oride buffer wasadded and gently rocked
for 20 min at room temperature. A solution containing
trypsininhibitor and ribonuclease A (12 mg/mL) was
added to stop trypsin action and remove double-
stranded ribonucleic acid and the specimenwasagain
rocked for 10 min at room temperature. Finaly,
propidium iodide (50 mg/mL) in spermine-
tetrahydrochloride buffer solution were added and
rocked for 10 mininadark room. A minimum of 10,000
cellswereanayzed by aFA CSort (Becton Dickinson,
Immunocytometry Systems, San Jose, CA, USA). The
excitation wavelength was 488 nm at 150 mw, 10,000
nuclel/specimen. Histogram anadysisof thered fluores-
cence emitted by the propidium iodide was accom-
plished manualy by setting markersaround the haploid
(n), diploid (2n), and tetraploid (4n) peaksand calcu-
lating the percentage of each ploidy compartment. The
datafrom each time point as presented as mean and
standard deviation.

STATISTICALANALYSIS

The datawere analyzed by using SPSS 11.0 for
Windows. Thesignificanceof differenceswascalcu-
lated by using one-way analysisof variance (ANOVA).
P <0.05wasconsidered statistically significant.

THERESULTS
Thebody weightsof theNaNO, trested micewere

significantly decreased when compared to the other
groupsof animas. Thesgnificant differenceswerefound
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in weights of the testis and cauda epididymis after
NaNQ, treatment for 35 days. However, body, testis,
and caudaepididyma weightsweresgnificantly dtered
by GO treestment. With GO adminigration, thesewe ghts
wereassimilar asto thosein control mice (TABLE 1).

TABLE 1: Body weight (g) and or gan weights(mg) of control
and experimental animalsgroupsfor 35days.

Garlic

Parameters Control oil (GO) NaNO; NaNO3;+GO
?g‘;dy WeIght 53,060 23+077 19+0.34* 224081
Testis(mg) 120+3.90 122+4.22 87+5.21* 110+4.23
Cauda
epididymis  40+2.23 41+311 28+2.14* 38+3.93
(mg)

Mean+SE of ten mice in each group. *p<0.05.

Sperm count and motility from the caudaepididy-
misweremarkedly and significantly reduced by NaNO,,
but was comparable to normal levelswhen GO was
administered with NaNO,. Thefrequency of non-vi-
able and no-motile spermincreased markedly and sig-
nificantly with NaNO, treatment, and when compared
with control, but with no significant effect associated
with NaNO, administered and garlic oil treatment
(TABLE?2).

TABLE 2: Effect of nitrateexposureon sper mmoatility, viabil-

ity and total epididymal sperm count of micetreated for 35
days.

Parameters  Control G?g'(g)on NaNO, Nfg83
Sperm 75.8+2.25 75.23+3.11 50.39+4.31* 69.41+3.91
motility

Viability (%) 65.22+3.09 64.29+2.99 45.45+3.21* 60.98+3.87

)fpgg)nﬁfum 42.45+1.65 45.2142.78 29.67+3.13* 39.99+4.22

Mean+SE of ten mice in each group. *p<0.05.

At 900 ppm of NaNQ,, asignificant increasein
abnormal sperminvolving head (2.41+0.20) and tail
(6.32+0.24) regions was noticed (P<0.05). Also,
NaNO3 sgnificantly decreased the serum testosterone
levels(1.54+0.28) intheexperimenta group compared
with control (3.98+0.38, p<0.001). Thelevelsof se-
rum FSH was significantly higher in NaNO, group
(4.01+0.54) compared with the control group
(2.99+0.63, p<0.001). The LH levels of the control
group and NaNO, group were (2.67+0. 37) and
(5.47+1.25) respectively whichweresignificantly dif-
ferent (p<0.001) (TABLE 3).

TABLE 3: Effect of nitrate exposureon sperm abnor malities
and biochemical assaysof micetreated for 35days

Parameters Control Garlicoil NaNos NaGN83+
8
2 Head 1.79+0.28 1.68+0.31 2.41+0.20° 1.56+0.27
£
S
o
S
= 3.67+0.33 3.56+0.32 6.32+0.24' 4.01+0.37
&
" Iéﬁqolaem”e 3.98+0.38 4.19+0.15 1.54+0.28 3.44+0.08
T LH(ngml) 299+0.63 2.80+0.61 4.01+0.54 3.01+0.49
o
£
£
FSH (ng/ml) 2.67+0.37 2.68+0.25 5.47+1.25 2.72+0.31

Mean+SE of ten mice in each group. *p<0.05.

HISTOLOGICAL EVALUATIONSOFTESTIS
TISSUE IN DIFFERENT GROUPS

Histological evauationsof testistissuein different
groupsweredonein the sections stained with hema-
toxylinand eosin.

Ingroup I, seminiferoustubuleswererichly popu-
lated and gave hedthy appearance (Figure 1A). There
isthin basement membrane. All the cells of the sper-
matogenic seriescould beidentified inthetubules. Lu-
men could easily bedelineatedinalmost al thetubules,
and majority of them were occupied by mature sper-
matozoa. Ingroup |1, thenearly histological feature of
thetestiswasthe sameasin the control group.

In group I11 animals, which were poisoned with
NaNO,, theblood vessel sweredilated and congested
(Figure1B & C). A mgority of seminiferoustubules
were shrunken and had awavy outline. The basement
membranewasthickened and hyainized. Debrisof shed
cells occupied most of thelumen of the seminiferous
tubules. M ost of the tubul es contai ned spermatogonia
and spermatocytes, which werelargein sizeand con-
tained darkly stained nuclei. In somecells, thenuclear
membranes had been ruptured and were accompanied
by fragmentation of nucleus (karyorrhexis). Some of
thetubules contained only spermatogonia, which were
scanty in number, bigger in size, and had eccentrically
placed dark nuclel. Theintertitial cellsof Leydigwere
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Figurel: Testicular section of control micewhich show normal spermatogenesis. Notethenormal cell arrangement inthe
seminiferoustubule (A). Testicular sectionsof micetreated with NaNO,. Notethelar ge, and congested dilated inter stitial
blood vessels (whitearrows). Notethe sever e degener ationsin the seminifer oustubulesand inter cellular disassociations
of germ cells. *, Sloughing of germ cellsinto tubular lumen; V, vacuolization in Sertoli cells, giant cells(black arrows) (B
& C). Section of testisof group treated with NaNO, pulsegarlic oil, showing nor mal seminifer oustubulesmoreor lessas

control (D).

aso reduced in number and their characterigtic tendency
of clumpingtogether to form groupswas a so reduced.
All thesefeatureswere suggestive of arophy of thetes-
tes.

Ingroups |V whichweretreated with NaNO, plus
GO, therecovery featureswere shown when compared
with NaNO, group (Figure 1E). Recovery includesan
accumulation of increased spermatozoain thelumina

areas, norma seminiferoustubules, and thin basement
membraneaongwith partid amdioration of sodiumni-
trate-induced changes.

FLOW CYTOMETRY ANALYS S

Themean percentages of haploid, diploid, and tet-
raploid populationsin different experimentd groupsare
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listedin TABLE 4. These dataa so are demonstrated
graphicalyinFigure 2. Theproportionsof diploid and
tetraploid cells decreased in NaNO, treatment, but
showed anincrease after treatment with garlic oil.

100-
&5 control

E3 garlic ail

B NaNO;
[M NaNO; pluse garlic ol

N
Figure2: Relativeproportionsof cellswith haploid, diploid,

and tetraploid statesof DNA ploidy in thetesticular cdl sus-
pensionsof micein different experimental groups.

TABLE 4: DNA flow cytometry analysisof thetestesin dif-
ferent experimental groups.

Parameters Control G?gioc)oil NaNO; N+a(l3\l(())3
%ﬂaploid) 52.01+2.09 5183298 oer 9 oot
2N (Diploid) 23.34+1.08 25.29+1.09 S:gg} 1%‘211
?Petraploid) 9.45+0.65 9.21+0.78 égg} 8170941

Mean+SE of ten mice in each group. *p<0.05.

DISCUSSION

Various methodsare used by toxicol ogistsand pa
thologiststo detect thetesticular toxicity inmen or labo-
ratory animals. Some of the common parametersin-
clude organ weights, hormonal analysis, semen andy-
sis, dominant | ethal assays, enumeration of elongated
spermatidsinthetesticular homogenate, and morphom-
etry®l, Recent revision of regulatory guidelinesfor re-
productive, fertility, and developmental toxicity sudies
have emphasi zed theimportance of histopathology and
flow cytometry asasengtiveand early indicator of sper-
matogenic disturbances.

We investigated the efficacy of garlic, whichis

considered both atraditional natural medicineand an
ediblevegetable, againgt thetoxicologicd disordersin-
duced by sodium nitrate using amicemodel. Treatment
with sodium nitratein this study significantly decreased
sperm count intheexperimental mice, whichisinagree-
ment with previousfindings by, They reported that
reduced sperm motility and increased secondary ab-
normalities of the spermatozoa due to damaged mem-
braneintegrity occurred following nitratetrestment in
bulls. Similarly, decreased sperm count, sperm motility
and increased abnorma spermatozoaaswel |l asaltered
activity of marker testicular enzymes such as 17-8
hydroxysteroid dehydrogenase (17- HSD) and fi-
glutamil transpeptidase (fi-GT) werereportedin nitrate-
treated mice®. Theresultsagreed with thefinding that
spermatozoaare capableof producingfreeradicasand
that lossof spermfunctionin certain casesof infertility
isassociated with excessiveactivity of thefreeradica
generating system, In the present study, garlic oil
administration to sodium nitrate— treated mice pro-
duced an gppreciableincreasein the sperm count up to
that of the control level. Thus, it appearsthat garlic ol
counteracted the spermicidal effectsof spermatozoa
generated freeradical s and enhanced the antioxidant
capacity of theseveral antioxidant factorscontainedin
the spermatozoaand seminal plasma.

Inregardto testosterone, LH and FSH level stud-
ies, theresult of the present work is contradictory to
previousfindingsthat nitratesdepressLeydig’s cell func-
tion andinhibit steroidogenesis*®. Evidenceof toler-
ance and adaptation to nitratetoxicity hasbeen reported
in subchronic and chronic studies”, whichmay explain
the disparity between thefinding of thisstudy and those
of thepreviousones. Thisrequiresfurther investigation.

Componentsof garlic oil appear ableto counteract
the sodium nitrate-induced production of aggressiveoxi-
dantsor toimpair the mechanisms by which these oxi-
dants damage key mol eculeswithintissues. Theanti-
oxidant propertiesof garlic wereattributed to glutamyl
cysteine, seroidd glycosdes, essentid oil, flavonoids,
lectins, prostaglandins, fructan, pectin, vitamins, fatty
acids, phospholipidsand essentid amino acids, al be-
ing known to be efficient radica scavengers®. Theob-
served reductionintheleve of lipid peroxidationin gar-
lic-treated animalsisin part duetoitsability to scav-
engethehydroxyl- and peroxyl- radica$?. Different
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protective pathwayswere evoked to explain the ben-
eficia effect of garlic componentson histological tes-
ticular tissues. Where, thelarge, and congested dilated
interstitial blood vessels, the severe degenerationsin
theseminiferoustubulesandintercellular disassociations
of germ cells, Sloughing of germ cellsinto tubular lu-
men, vacuolizationin Sertoli cellsand giant cellswere
disappeared in section of testisof group treated with
NaNO, pulsegarlicoil, showing norma seminiferous
tubulesmoreor lessas control.

Flow cytometry can provide arapid way to in-
vestigate germind epithelium integrity and to perform
aquantitative analysis of spermatogenesis®®, and has
been used inanumber of |aboratoriesto examine sper-
matogenesisin men® and anima s9. Testeswith nor-
mal spermatogenesisshow acharacteristic DNA dis-
tribution pattern with three peaks. Representing the
major portion were 1N cells (spermatozoa, sperma-
tids), followed by 2N cells(spermatogonial cdlls, sec-
ondary spermatocytes, Sertoli cells, Leydig cells, con-
nectivetissuecells), and 4N cells(primary spermato-
cytes)®. Inthe present studies, we performed quali-
tative examination of germ cell quantitative examina-
tion by flow cytometry. Flow cytometry demonstrated
that proportionsof diploid and tetraploid cellswere
decreased by NaN O, toxicity, but diploid and tetrap-
loid cellswereincreased after treatment with garlic
oil. Thisresult coincided with histopathol ogic obser-
vations. Thus, smultaneousqualitative observation by
hi stopathol ogi c examination and quantitative exami-
nation of DNA ploidy by flow cytometry of seminifer-
oustubuleswere useful in the detection of testicular
toxicity.

Inconclusion, garlictreatmentsappear ableto cure
the sodium nitrate-induced several histopathologica
changesinmicetedtis, reduced caudaepididymisweight,
reduced the number of sperm count in caudaepididy-
misand decreased theepithelia thicknessof seminifer-
oustubules, and other biochemical assays. Also, our
resultssuggest that adult miceexposureto NaNO, (900
mg/kg) induces spermatogeni c apoptosi sthroughin-
creasing oxidative stressin male mice. However, the
precise mechanism(s) by which NaN O, affects sper-
matogenesismay be more complex.
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