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Abstract

Background and Objective:

The safety of Mn,O3 nanoparticles (which are extensively used in industries) on male reproductive system
is not known. Hence, we investigated the effects of Mn,O3 nanoparticles on male reproductive system.

Materials and Methods:

A total of 40 Wistar adult male rats were randomly assigned to four groups of 10 rats each. Three groups
received MnyO3 solution in concentrations of 100, 200, and 400 ppm orally for 14 days; the control group
received equal volume of saline solution. Blood samples and testicles were collected for analysis.

Results:

Significant reduction in luteinizing hormone (LH), follicle-stimulating hormone (FSH), testosterone,
spermatogonial cells, primary spermatocyte, spermatid and Leydig cell was observed in the MnyO3
nanoparticles treated groups compared with controls.

Conclusion:

Mn,O3 nanoparticles significantly reduce FSH, LH, and testosterone levels resulting in a significant
reduction in testicular cytology.
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INTRODUCTION

The advancement in nanotechnology and wide application of nanomaterials have collaterally increased the
human exposure to these particles raising concerns on their potential health hazards.[1,2,3] Although a few
studies have evaluated the systemic toxicity and distribution of the nanoparticles[4] the diversified nature
of nanoparticles requires a through and system specific evaluation. Moreover, the nature of toxicity of
nanoparticles, is significantly dose-dependent.[5] Various forms of Mn,O3 nanoparticles (tube, wire, plate,
sphere and nanoshell shapes) are developed,[6,7] with varying toxic effects. The characteristics of these
nanoparticles are influenced by their size.[8,9,10] Mn;0O3 including MnO, MnO,, Mn304 are used as a
composite in wastewater treatment, catalyzing, sensors, super capacitors, alkaline, and battery recharging.

the exposure and toxicity of these nanoparticles to human and animal health are collateral,[16] which
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necessitates understanding the system specific toxic effects of these nanoparticles. Hence the present study
was designed to investigate the effects of Mn,O3 nanoparticles on the levels of testosterone (T), follicle-
stimulating hormone (FSH), luteinizing hormone (LH), and the testicle cytology of male mice. Bar-shaped
nanoparticles with an approximate diameter of 70 nm were used in our study. LH in males stimulates a
specific type of Leydig cells in testicles for the production of testosterone. The LH level in the males is
consistent after puberty. The increase in testosterone levels gives a negative feedback to the pituitary gland
and hypothalamus glands, which results in a decrease of LH secretion. LH secretions and FSH levels for
testosterone are the primary tests used for the work-up on infertility in males and females patients.[17]

MATERIALS AND METHODS

Materials

Mn (III) acetylacetonate, Acetone, ethanol, and chloroform were used to prepare nanoparticles. Saline,
ketamine, Rat chow, hematoxylin eosin, and laboratory kit (DB52181, MercK. Co., of Germany) were
used.

Equipments

X-ray diffraction (XRD), transmission electron microscopy (TEM) (JEM-200CX), ultraviolet (UV)-visible,
optical microscope (OLYMPUS CX 21 FS1), and ELISA Reader (HumaReader HS by HUMAN Co.,
Germany) was used.

Preparation of Mn,0O3

Mn,O3 nanoparticles were first synthesized by providing heat to Mn (III) acetylacetonate (1 mmol, 0.35 g)
in 20 mL acetone or ethanol in a Teflon-lined Parr acid-digestion bomb at 200°C for 72 h. The resulting
dark solution was distributed into chloroform and centrifuged for 10 min. The residual black solution
obtained was isolated and dried under vacuum condition at room temperature for 12 h, following which the
calcination process was conducted at 500°C for 4 h. The final product was analyzed by XRD, UV-visible,
and TEM (JEM-200CX).

Methods

Totally 40 male Wistar rats weighing 230 + 20 g were housed at appropriate temperature/light conditions,
and were fed standard prepared food consisting of 20% protein, 50% carbohydrate, 10% cellulose, 15% fat
and vitamins. The study was approved by the Institute Ethics Committee. Rats were procured from the
Isfahan University of Medical Sciences. The rodents were randomly assigned to four groups consisting of
10 rats each. The test-groups 1, 2, 3 received Mn,O3 nanoparticle solution in 100, 200, and 400 ppm
concentrations respectively for 14 days by orally (gavage), and group 4 as the control-group, which
received an oral saline placebo. Applied Mn,O3 Nps in this research were of 70 nm diameter. At the end of
the trial, the mice were first anesthetized by ketamine and autopsied. For hormone evaluation, the arterial
blood samples were collected from the heart and analyzed by commercial ELISA kits (pars azmon). The
testicles together with epididymis were dissected and removed and transferred into a physiological saline
for further investigation on cellular modifications using an optical microscope. Five different sites from any
section were selected and in any field a cross-section of seminiferous tubules was studied. Investigative
measurements and cell numerations (spermatogonial cells, primary spermatocyte, spermatid, and Leydig
cell) were performed. The raw data were analyzed by SPSS.19 statistical analysis software using ANOVA
and Dunnett tests. Statistically, variation of results among observed groups was considered significant at P
<0.05.

Tissue processing

Five different sites from each section with a thickness of 2 mm were selected and in any field, and a cross-
section of seminiferous tubules was studied. The tissue was fixed in 10% Formalin and processed in
various grades of ethanol, xylene, chloroform, toluene eventually for paraffin embedding. The paraffin
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embedded tissue was sectioned using a microtome, and the tissue section was mounted on a glass slide for
staining using hematoxylin and eosin.[18]

RESULTS

X-ray diffraction of Mn,03 nanoparticles

The XRD pattern for Mn, O3 is illustrated Figure 1, and diffraction peaks absorbance is at 20 values.
Dominant peaks are used to estimate grain size of sample contributed by Scherrer equation,[19] D = KA/ (B
cos 0) where K is constant (0.9), A is the wavelength (A = 1.5418 A®) (Cu Ka), B is the full width at the
half-maximum of the line and 6 is the diffraction angle. Estimated grain size were found to be £70 nM
using relative intensity peak for Mn,O3 nanoparticles and increase in sharpness of XRD peaks implies that
particles are crystal shape in nature. All peaks in Figure 1 are associated with MnyO3 nanoparticles and
consistent with Joint Committee for Powder Diffraction Studies.[19]

Size distribution and microscopic characterization of Mn,O3 nanoparticles

A particle size analyzer was applied to determine the area of sizes of the Mn,O3 nanoparticles. Figure 2
demonstrates the size dispersion of one of the arranged MnyO3 nanoparticles. The mean size of the Mn,O3
nanoparticles was around 70 £ 5 nm.

The properties of a wide variety of materials and function of many devices highly depend on their surface
characteristics.[20] The morphology of Mn,O3 nanoparticles was studied by applying TEM). Figure 3
show the images of sample by TEM.

Mn,O3 nanoparticles caused a in the testosterone (P = 0.001), LH (P = 0.004) and FSH (P = 0.01) levels
in-group receiving 400 ppm of Mn;Oj3 [Figure 4a—].

Significant reduction in the number of spermatogonial cells (P = 0.007), primary spermatocyte cells (P =
0.000) and spermatid cells (P = 0.002) was observed receiving 400 ppm Mn,O3 nanoparticles [Figures Sa—
c and 6].

The number of Leydig cells in all groups decreased but were significant in the group receiving 400 ppm
dosage (P =0.003) [Figures 6 and 7].

In this investigation, the pathological studies demonstrated 400 ppm dosage leads to

1. An increase in cellular disruption in the seminiferous tubules,
2. Interstitial edema of seminiferous tubules,

3. Appearance of vacuoles in epithelium and

4. A reduction in cell regulation, as shown in Figure 6a.

Irregularities were discovered in germinal cells levels, seminiferous tubules, and thickness reduction of
epithelium was observed [Figure 8c]. In the group receiving 200 ppm Mn;O3 nanoparticles, the elevation
in cellular disruption of seminiferous tubules was partially obvious. These comparisons were made with the

control group [Figure 8d].

DISCUSSION

The effect of oral intake of Mn,O3 nanoparticles in 100, 200, and 400 ppm concentrations on testosterone,
LH, FSH, spermatogonial cells, primary spermatocyte, spermatid, Leydig and pathological modifications in
the testicle tissue were evaluated. Mn,O3 nanoparticles caused malignancies in the testicular tissue, a
decrease in the levels of the sex hormones, and spermatogonial cells, primary spermatocyte, spermatid, and
Leydig cells at the dose of 400 ppm. MnyOj3 in nanoscale may produce active oxygen that results in
toxicity via oxidative stress, producing a variety of active oxygen is the dominant mechanism of toxicity
raised from Mn;O3 nanoparticles. Several studies have demonstrated that cells exposed to MnyO3
nanoparticles, have a lower mitochondrial activity, leading to severe tissue damage.[21,22,23,24]
Nanoparticles have severe toxic effects on the male reproduction system by trespassing the blood barrier in
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the testicular tissue and damage the sperm cells.[25] Nanoparticles have also been shown to be toxic on
stem cells in vitro and can interference with male reproduction system.[26] Nanoparticles may also react
with DNA and may lead to inflammation, oxidative stress and impairment in cell function.[27] Titanium
nanoparticles were shown to result in infertile sperm, and abnormal Leydig cell[28] while other
nanoparticles can accumulate in testicular tissue, including Leydig cell, sertoli cells, and spermatid.[17]
The effects of Mn,O3 nanoparticles on sex hormone reduction observed in our study could be due to the
above factors including direct toxic effects on testicular cytology.

CONCLUSION

We conclude that the Mn,O3 nanoparticles at a dose of 400 ppm can reduce sex hormones, sperm
production and damage the testicular cytology.
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Figure 1
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Figure 2
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Figure 3

Transmission electron microscopy image of Mn,O3 nanoparticles
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Figure 4

g -

=
s_
E
2
= 7.5
? .
6.5

control 100ppm 20Cppm
concentration of nanoparticle

I l |
T T L}

control 10Cppm 20Cppm 400ppm
concentration of nanoparticle

I I |
T T L}

control 100ppm 200ppm 400ppm
concentration of nanoparticle

Mn;O3 nanoparticles effect on sex hormones

9 of 13 7/2/17, 11:34 AM



Toxic effects of Mn203 nanoparticles on rat testis and sex hormone

100f 13

Figure 5

ERRIBESN

control 200ppm
concentratlon of nanoparticle

11

number of spermatogonial celb
(number/channel)

105 -

8

e
o

o]
w

400ppm

primary spermatocyte celk
(umber/channel)
0
wm

control ' 100ppm 200ppm
concentration of nanoparticle

202 .‘l__'___' -y

N N (8] N
o o - I
N L] o ~
s % X B J

number of spermatid cels
(umber/channel)
o
o>

400ppm

control 100ppm 200ppm
concentration of nanoparticle

400ppm

Mn, O3 nanoparticles, effect on testicle cell number

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4518404/?report=prin...

11

7/2/17, 11:34 AM



Toxic effects of Mn203 nanoparticles on rat testis and sex hormone https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4518404/?report=prin...

Figure 6
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Figure 7

Mn;O3 nanoparticles, effect on number of Leydig cells
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Figure 8

Effects of MnyO3 nanoparticles over the damage of testis. (a) Arrows show elevation in cellular disruption of seminiferous
tubules, interstitial edema, and decline in cell regulation were observed by H and E (x10). (b) Arrows show chaos in the
germinal cells level in seminiferous tubules, increased in the gap between seminiferous tubular, and vacuoles seen in
epithelium by H and E (x10). (c) Arrows indicate elevation in diameter of seminiferous tubules and decline in epithelium
diameter were observed, H and E (x10). (d) Arrows indicate images of seminiferous tubules in the control-group
demonstrated uniformity of the seminiferous tubules were seen, H and E (x10)
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