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Abstract

Mercury is ubiquitous in the environment; it is an occupational pollutant and a potential toxicant.
We investigated the effects of exposure of rat testes to mercury vapor (Hg"). Twelve male rats were
divided into two groups of six: the rats of the Hg® group were exposed to mercury (1 mg/m?3/day)
in a chamber for six weeks; the control group rats were housed under the same conditions without
exposure to Hg'. After the experimental period, the testes were removed, sections of testis were
evaluated histopathologically after hematoxylin and eosin staining, and stereologically using the
Cavalieri principle and optical fractionator methods. We found significant decreases in the total
volume of testis, diameters of seminiferous tubules and total volume of seminiferous tubules.
Significant decreases were detected in the numbers of Sertoli cells, spermatogonia, spermatocytes
and spermatids of the Hg group compared to the control group. In the Hg" exposed group, sper-

matogenic cells were degenerated and seminiferous tubules were atrophied.
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Mercury (Hg) is found naturally in the environment
in both organic and inorganic forms (Schuster et al.
2002); it commonly is associated with industry and
gold mining (Grandjean et al. 1999). Hg causes tis-
sue damage by increasing production of reactive
oxygen species (Stohs and Bagchi 1995, Stacchiotti
et al. 2009, Wu et al. 2011, Ercal et al. 2001). The
neurotoxic effects of low doses of Hg have been
demonstrated for fetuses (Marsh et al. 1995), infants
(Grandjean et al. 1998) and adults (Serensen et al.
2000, Yokoo et al. 2003, Tang and Li 2006).

Hg is oxidized after inhalation and converted to
the divalent Hg® form, which is toxic to many tis-
sues (Clarkson 1997) including the cardiovascular
system (Alissa and Ferns 2011), pancreatic beta cells
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(Chen et al. 2010), female (Davis et al. 2001, Apostoli
and Catalani 2011) and male reproductive system
(Martinez et al. 2014).

The literature contains few reports concerning
the effects of mercury compounds on the male
reproductive system (Barregard et al. 1999, Keck
et al. 1993). It has been shown that exposure to
mercuric chloride causes increased free radical
formation, which predisposes the testis to both
structural and functional abnormalities (Boujbiha
et al. 2009). Also, mercury exposure decreases
the number of sperm cells (Orisakwe et al. 2001
and Homma-Takeda et al. 2001) and a correlation
has been found between decreased fertility and
HgCl, exposure (Lee and Dixon 1975). Moreover,
DNA breaks were found in spermatozoa follow-
ing Hg exposure (Arabi and Heydarnejad 2007).
Young’s syndrome, which is associated with
obstruction of the upper epididymis in childhood,
can result from Hg intoxication (Hendry et al.
1993). Hg also can accumulate in the lysosomes of
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the testicular epithelium as pigment granules (Eto
et al. 1997).

We found no reports in the literature that used
histology or stereology to study the effects of Hg’
on the testis. Therefore, we investigated whether
exposure to Hg® causes deleterious changes in
testicular structure.

Material and methods

Animals

We obtained ethical approval for our study from
the Experimental Research and Application Center
of Atatiirk University. We used 12 8 — 10-week-old
200 g adult male Sprague-Dawley rats obtained
from the Experiment Animals Research and Appli-
cation Center of Atatiirk University. The animals
were divided randomly into control (untreated)
and experimental (Hg® exposed) groups (n=6,
each group). The Hg group was exposed to 1 mg/
m?/day Hg’ in a closed chamber for 6 weeks
(Fig. 1). Hg" was generated by passing HEPA-
filtered, charcoal-scrubbed, and temperature and
humidity controlled air through a chamber con-
taining 10-20 g of metallic Hg. The resulting
Hg® was delivered to the exposure chamber at a
controlled rate using mass flow controllers. Air
exiting the chamber was passed through a HNO,
solution to neutralize the Hg. Exposure concentra-
tions in the chamber were analyzed once each hour
using a Jerome model431-X Hg analyzer (Arizona
Instruments, Phoenix, AZ) that is specific for Hg’.
Animals were exposed to Hg’ between 8 AM and
5 PM each day. The control group was housed
under the same conditions without exposure to
Hg". During the experiment, the rats were housed
under standardized conditions of 12 h light:12 h
dark cycle, 22 +2° C and 50 *=5% humidity. All
animals had access to food and water ad libitum.
After six weeks, rats in both groups were anesthe-
tized by inhalation of 2 — 3% sevoflurane (Sevorane®
Liquid 250 ml; Abbott, Istanbul, Turkey) in 100%
oxygen. The testes were removed after perfusion of
the animals with 10% neutral buffered formalin.

Fig. 1. Closed chamber for exposing rats to HgP.

Histology

All testes were fixed in 10% neutral buffered
formalin, dehydrated through a graded alcohol
series, cleared in xylene and infiltrated with par-
affin for embedment. Sections of each testis were
cut in a transverse plane at 5 um using a rotary
microtome (Leica RM 2135, Leica Instruments,
Nussloch, Germany). Sections were mounted on
slides, re-hydrated through descending concen-
trations of alcohol and stained with hematoxylin
and eosin (H & E) (Kumtepe et al. 2010). We
used the stained sections for examination by light
microscopy and for stereological calculation of
seminiferous tubule diameter, testicular volume
and number of spermatogenic cells.

Stereology

Estimation of volumes of testis and seminiferous
tubules

Serial sections obtained from each testis block
were used to determine the volumes of structures
using the Cavalieri principle (Altunkaynak et al.
2012a,b). According to the Cavalieri principle, the
surface area of the biological object of interest can
be defined by a specific point counting grid. The
point densities of the point counting grid was
designed based on pilot studies in which the point
density of the point counting grids were designed to
hit a minimum of 1,000 points per region of interest
(testis and seminiferous tubules) for each animal;
this was sufficient to obtain a significant coefficient
of error (CE) (Dursun et al. 2010). After scanning
the images and hitting points on them (Fig. 2a, b),
the areas of the testis and seminiferous tubules
were calculated separately. The value of measured
surface area then was multiplied by the section
thickness (t) and volumetric results were obtained
(Fig. 2a). The volumes of the testis and seminiferous
tubules were calculated using the following formula
(Altunkaynak and Altunkaynak 2007, Altunkaynak
et al. 2008):

V(total) = t-ZA

“ tll

where is the thickness of the slice (including
intervals) and XA is the total sectional area of the
testis sample sections. The term XA is equal to:

YA=a(p).ZP

Where a(p) is the interval point area and XP is
number of points hitting on favorable areas in the
sections. The CE and coefficient of variation (CV)
were calculated according to previously published
formulas (Altunkaynak et al. 2013).
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Fig. 2. Stereological procedures for applying the Cavalieri principle (a) and optical fractionator method (b).

Estimation of total numbers of spermatogonia,
spermatocytes, spermatids and Sertoli cells

Cells of interest were counted using the optical frac-
tionator method. The optical fractionator approachis
the most frequently used method for estimating par-
ticle numbers (Gundersen 1986). Only nuclei within
the optical disector frame were considered count-
able (Gundersen and Jensen 1987). The sampling
and counting program was determined by a pilot
study. The first section in the series to be analyzed
was selected from the first six sections and every
successive 5t section was collected from the series,
which created a 1/6 section-sampling fraction (ssf).
Approximately 15 — 20 sections from each testis are
known to be adequate for estimating the number
of objects using the optical fractionator method for
cell counting (Gundersen and Jensen 1987, Tunc
et al. 2006). Sampled sections were collected on
gelatin-formaldehyde coated slides and stained
with H & E. A stereology workstation consisting of

a modified light microscope with motorized stage
(Stereoinvestigator 9.0; MicroBrieldField, Colchester,
CT) was used for cell counting. The spermatogo-
nia, spermatocytes, spermatids and Sertoli cells
were counted. The total numbers of the cells were
calculated from the number of counted cells and
the sampling probability (Gundersen, 1986). The
total number of testicular cells was calculated by:

1 1 1

Where N = total number of testicular cells, XQ = total
disector particle number, asf=area of sampling
fraction and tsf = thickness of sampling fraction.

The precision of the calculations was determined
as described by Gundersen and Jensen (1987)
for CV and CE. The CE and CV of the sampling
procedure was validated by a pilot study as
described above (CE=10%) (Altunkaynak et al.
2011, Kivrak et al. 2013, Yurt et al. 2013).

,Q"pun;‘

Fig. 3. Control group images (a —d). (+) tunica vaginalis; (—) tunica albuginea; arrow, Leydig cells; double-headed arrow,
seminiferous epithelium; asterisk, lumen of seminiferous tubule.
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Fig. 4. Experimental group images (a —d). (+) thinned tunica vaginalis; (—) thickened tunica albuginea; double-headed
arrow, thinned seminiferous epithelium; asterisk, lumen of seminiferous tubule with decreased diameter.

Statistical analysis

Statistical analysis was performed using Mann
Whitney-U statistical test in the SPSS version15.0
packet program) software. Values for p =0.05 were
considered statistically significant.

Results

Histology

Significant damage to the spermatogenic cells and
seminiferous tubules was observed in male rats
exposed to Hg’. Spermatogenic cells had pycnotic
nuclei and eosinophilic cytoplasm, and loss of sper-
matogenic cells was observed in many seminiferous
tubules. We observed seminiferous tubule atrophy

Table 1. Stereological results of the study.

and a thickened tunica albuginea (Fig. 4). Also,
we detected late spermatids in the tubule lumens
and thinning of the tunica vaginalis in testis sec-
tions of the Hg? exposed group. No histological
abnormalities were observed in the testes of the
control group (Fig. 3).

Stereology

We found significant decreases in the total volume
of testes, and diameter and total volume of seminif-
erous tubules in the Hg? exposed group compared
to the control group (p<<0.05) (Table 1). We found
also that the numbers of Sertoli cells, spermatogo-
nia, spermatocytes and spermatids were signifi-
cantly reduced in the Hg? exposed group compared
to the control group (p <0.05) (Table 1).

Estimation

Control group

Experimental group

Testicular volume (cm?3)

Seminiferous tubule diameter (um)
Volume of seminiferous tubules (cm?)
Mean number of Sertoli cells (cell/cm?)
Mean number of spermatogonia

Mean number of spermatocytes (cell/cm?)
Mean number of spermatids (cell/cm?)

7.4 x 10® = 370000*
28.46 x 10% = 1420000*

158.87 x 108+ 795000*
475.92 x 10% +2380000*

1.54+0.077* 1.16 = 0.0058
168 £ 8.4* 159 +725
1.03+0.0515* 0.87 =0.0435

6.5 x 108325000
24.89 x 10° = 1245000
145.25 x 10% = 727000
349.18 x 108 17460000

*Difference between control and experimental groups, p = 0.05.
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Discussion

Hg is a pollutant that is toxic to animals (Risher et al.
2003). Elimination of Hg from the body generally is
slow (Sallsten et al. 1994). Approximately 80% of
inhaled Hg is absorbed by the lung; it is transported
through blood and accumulates in the testis (Khayat
and Dencker 1983) and semen (Leung et al. 2001).
Occupational exposure to Hg? disrupts DNA repair
(Cebulska-Wasilewska et al. 2005). Administration
of Hg causes testicular degeneration and cellular
deformation in the seminiferous tubules and a sig-
nificant reduction in testicular weight (Chowdhury
and Arora 1982). Orisakwe et al. (2001) reported that
low doses of Hg reduced the number of sperm in
the epididymis and increased testicular degenera-
tion in mice. El-Desoky et al. (2013) reported that
Hg damaged seminiferous tubules by decreasing the
activity of testicular antioxidants, which increased
oxidative stress. Exposure to Hg also caused dete-
rioration of membrane integrity and DNA breaks in
bull spermatozoa (Arabi and Heydarnejad 2007).

We found that the reduced numbers of sper-
matogonia, spermatocytes, spermatids and Sertoli
cells in the animals exposed to Hg" compared to
the control group could be due to apoptosis or
ischemic necrosis caused by oxidative stress. The
decreased volume of seminiferous tubules in the
Hg? group likely resulted from seminiferous tubule
atrophy. Decreased interstitial tissue and total vol-
ume of seminiferous tubules and thinning of the
tunica vaginalis likely caused reduction of the total
volume of the testis.

We demonstrated that Hg? exposure exerts toxic
effects on the male reproductive system. Further
research is required to determine the effects of Hg’
on other parts of the reproductive system.

Acknowledgment

This study was supported by Atatiirk University
Scientific Project Fund.

Declaration of interest: The authors report no con-
flicts of interest. The authors alone are responsible
for the content and writing of this paper.

References

Altunkaynak BZ, Altunkaynak ME (2007) Relationship
of body weight and volume of liver. A morphometrical
and stereological study. Saudi Med. |. 28: 891-895.

Altunkaynak BZ, Ozbek E, Altunkaynak ME (2007)
A stereological and histological analysis of spleen on

obese female rats fed with high fat diet. Saudi Med. |. 28:
353-357.

Altunkaynak BZ, Ozbek E, Aydin N, Aydin MD,
Altunkaynak ME, Vuraler O, Unal B (2011) Effects of
haloperidol on striatal neurons: relation to neuronal loss
(a stereological study). Fol. Neuropathol. 49: 21-27.
Altunkaynak BZ, Onger ME, Altunkaynak ME,
Ayranci E, Canan S (2012a) Brief introduction to stereol-
ogy and sampling strategies: basic concepts of stereology.
NeuroQuantology 1: 31-43.

Altunkaynak BZ, Unal D, Altunkaynak ME, Halici Z,
Kalkan Y, Keles ON, Aksak S, Selli J, Unal B (2012b)
Effects of diabetes and ovariectomy on rat hippocam-
pus (a biochemical and stereological study). Gynecol.
Endocrinol. 28: 228-233.

Altunkaynak ME, Altunkaynak BZ, Unal D, Deniz 0,
Vuraler O, Unal B (2013) A stereological and ultrastructural
approach to fetal and newborn rat pancreas. J. Exp. Clin.
Med. 30: 147-151.

Alissa EM, Ferns GA (2011) Heavy metal poisoning and
cardiovascular disease. . Toxicol. 2011: 870125.

Apostoli P, Catalani S (2011) Metal ions affecting
reproduction and development. Metal Ions Life Sci. 8:
263-303.

Arabi M, Heydarnejad MS (2007) In vitro mercury
exposure on spermatozoa from normospermic individu-
als. Pak. ]. Biol. Sci. 10: 2448-2453.

Barregard L, Sillsten G, Conradi N (1999) Tissue levels
of mercury determined in a deceased worker after
occupational exposure. Int. Arch. Occup. Env. Health 72:
169-173.

Boujbiha MA, Hamden K, Guermazi F, Bouslama A,
Omezzine A, Kammoun A, El Feki A (2009) Testicular
toxicity in mercuric chloride treated rats: association with
oxidative stress. Reprod. Toxicol. 28: 81-89.
Cebulska-Wasilewska A, Panek A, Zabinski Z,
Moszczynski P, Au WW (2005) Occupational exposure
to mercury vapor on genotoxicity and DNA repair. Muta.
Res. 586: 102-114.

Chen YW, Huang CE, Yang CY, Yen CC, Tsai KS, Liu SH
(2010) Inorganic mercury causes pancreatic -cell death
via the oxidative stress-induced apoptotic and necrotic
pathways. Toxicol. Appl. Pharmacol. 243: 323-331.
Chowdhury AR, Arora U (1982) Toxic effect of mercury
on testes in different animal species. Ind. ]. Physiol.
Pharmacol. 26: 246-249.

Clarkson TW (1997) The toxicology of mercury. Crit. Rev.
Clin. Lab. Sci. 34: 369—-403.

Davis BJ, Price HC, O’Connor RW, Fernando R,
Rowland AS, Morgan DL (2001) Mercury vapor and
female reproductive toxicity. Toxicol. Sci. 59: 291-296.
Dursun H, Albayrak FE Uyanik A, Keles NO,
Beyzagiil P, Bayram E, Halici Z, Altunkaynak ZB,
Siileyman H, Okcu N, Unal B (2010) Effects of hyperten-
sion and ovariectomy on rat hepatocytes. Are amlodipine
and lacidipine protective? (A stereological and histologi-
cal study). Turk. J. Gastroenterol. 21: 387-395.

El-Desoky GE, Bashandy SA, Alhazza IM, Al-Othman ZA,
Aboul-Soud MA, Yusuf K (2013) Improvement of
mercuric chloride-induced testis injuries and sperm

Mercury vapor effects on testis 533



quality deteriorations by Spirulinaplatensis rats. PLoS One
8: e59177.

Ercal N, Gurer-Orhan H Aykin-Burns N (2001) Toxic
metals and oxidative stress. Part I: mechanisms involved
in metal induced oxidative damage. Curr. Topics Med.
Chem. 1: 529-539.

Eto K, Yasutake A, Miyamoto K, Tokunaga H, Otsuka Y
(1997) Chronic effects of methyl mercury in rats. II. Patho-
logical aspects. Tohoku ]. Exp. Med. 182: 197-205.
Grandjean P, Weihe P, White RE, Debes F (1998) Cognitive
performance of children prenatally exposed to safe levels
of methyl mercury. Env. Res. 77: 165-172.

Grandjean P, White RE Nielsen A, Cleary D,
de Oliveira Santos EC (1999) Methyl mercury neuro-
toxicity in Amazonian children downstream from gold
mining. Env. Health Perspec. 107: 587-591.

Gundersen HJG (1986) Stereology of arbitrary particles.
A review of unbiased number and size estimators and the
presentation of some new ones in memory of William R.
Thomson. J. Microsc. 143: 3-45.

Gundersen HJG, Jensen EB (1987) The efficacy of system-
atic sampling in stereology and its prediction. J. Microsc.
147: 229-263.

Hendry WE, A’Hern RP, Cole PJ (1993) Was Young's
syndrome caused by exposure to mercury in childhood?
Br. Med. |. 307: 1579-1582.

Homma-Takeda S, Kugenuma Y, Iwamuro T, Kumagai Y,
Shimojo N (2001) Impairment of spermatogenesis in rats
by methyl mercury: involvement of stage- and cell-specific
germ cell apoptosis. Toxicology 169: 25-35.

Keck C, Bergmann M, Ernst E, Miiller C, Kliesch S,
Nieschlag E (1993) Autometallographic detection of
mercury in testicular tissue of an infertile man exposed
to mercury vapor. Reprod. Toxicol. 7: 469—-475.

Khayat A, Dencker L (1983) Whole body and liver
distribution of inhaled mercury in the mouse: influence of
ethanol and aminotriazole pretreatment. J. Appl. Toxicol.
3: 66-74.

Kivrak EG, Aydin I, Tiimentemur G, Altunkaynak BZ,
Kaplan S (2013) Effects of leptin on histomorphometry
of liver in high-fat diet fed obese rats. |. Exp. Clin. Med.
30: 141-145.

Kumtepe Y, Odabasoglu E, Karaca M, Polat B, Halici MB,
Keles ON, Altunkaynak Z, Gocer F (2010) Protective
effects of telmisartan on ischemia/reperfusion injury of
rat ovary: biochemical and histopathologic evaluation.
Fertil. Steril. 93: 1299-1307.

Lee IP, Dixon RL (1975) Effects of mercury on sperma-
togenesis studied by velocity sedimentation cell sepa-
ration and serial mating. J. Pharmacol. Exp. Ther. 194:
171-181.

Leung TY, Choy CM, Yim SE, Lam CW, Haines CJ (2001)
Whole blood mercury concentrations in sub-fertile men
in Hong Kong. Austral. New Zeal. ]. Obstet. Gynecol. 41:
75-77.

Levy M (1995) Dental amalgam: toxicological evaluation
and health risk assessment. J. Can. Dent. Assoc. 61:
667-668.

Marsh DO, Turner MD, Smith JC, Allen P, Richdale N
(1995) Foetal methyl mercury studying Peruvian fish eating
population. NeuroToxicology 16: 717-726.

Martinez CS, Escobar AG, Torres JG, Brum DS,
Santos FW, Alonso M]J, Salaices M, Vassallo DV,
Pecanha FM, Leivas FG, Wiggers GA (2014) Chronic
exposure to low doses of mercury impairs sperm quality
and induces oxidative stress in rats. J. Toxicol. Env. Health
77: 143-154.

Orisakwe OE, Afonne OJ, Nwobodo E, Asomugha L,
Dioka CE (2001) Low-dose mercury induces testicular
damage protected by zinc in mice. Eur. |. Obstet. Gynecol.
Reprod. Biol. 95: 92-96.

Risher JE, Nickle RA, Amler SN (2003) Elemental mercury
poisoning in occupational and residential settings. Int. J.
Hyg. Env. Health 206: 371-379.

Sallsten G, Barregard L, Schiitz A (1994) Clearance
half-life of mercury in urine after the cessation of long
term occupational exposure: influence of chelating agent
(DMPS) on excretion of mercury in urine. Occup. Env.
Med. 51: 337-342.

Schuster PF, Krabbenhoft DP, Naftz DL, Cecil LD,
Olson ML, Dewild JE Susong DD, Green JR, Abbott ML
(2002) Atmospheric mercury deposition during the
last 270 years: a glacial ice core record of natural and
anthropogenic sources. Env. Sci. Technol. 36: 2303-2310.
Serensen FW, Larsen JO, Eide R, Schienning JD (2000)
Neuron loss in cerebellar cortex of rats exposed to
mercury vapor: a stereological study. Acta Neuropathol.
100: 95-100.

Stacchiotti A, Morandini E, Bettoni E, Schena I, Lavazza A,
Grigolato PG, Apostoli P, Rezzani R, Aleo MF (2009)
Stress proteins and oxidative damage in a renal derived
cell line exposed to inorganic mercury and lead. Toxicology
264: 215-224.

Stohs SJ, Bagchi D (1995) Oxidative mechanisms in the
toxicity of metal ions. Free Rad. Biol. Med. 18: 321-336.
Tang N, Li YM (2006) Neurotoxic effects in workers of
the clinical thermometer manufacture plant. Int. ]. Occup.
Env. Health 19: 198-202.

Tunc AT, Turgut M, Aslan H, Sahin B, Yurtseven ME,
Kaplan S (2006) Neonatal pinealectomy induces Purkinje
cell loss in the cerebellum of the chick: a stereological
study. Brain Res. 1067: 95-102.

Yokoo EM, Valente JG, Grattan L, Schmidt SL, Platt I,
Silbergeld EK (2003) Low level methyl mercury exposure
effects neuropsychological function in adults. Env. Health
2: 8.

Yurt KK, Kayhan E, Altunkaynak BZ, Tiimentemur G,
Kaplan S (2013) Effects of the melatonin on the kidney of
high fat diet fed obese rats: a stereological and histological
approach. J. Exp. Clin. Med. 30: 153-158.

534 Biotechnic & Histochemistry 2015, 90(7): 529-534



