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Abstract

Now-a-days, most of researchers are focusing upon synthesis and application of nanoparticles as
therapeutic and diagnostic agents, medical products and drug delivery systems. The increased use of
silver nanoparticles enhanced products will almost certainly increase environmental silver levels,
resulting in increased exposures and the potential for increased adverse reactions. The anti-microbial and
anti-inflammatory features of silver nanoparticles (Ag-NPs) make them one of the fastest growing
product categories in the nanotechnology industry. Excessive exposure to silver nanoparticles may have
adverse toxic effects on the animal body, however, their harmful characteristics to bovine sperm and the
mechanisms were not well documented. In view of this, preliminary study was undertaken to evaluate the
sperm toxicity of silver nano particles. Silver nanoparticles of 2 various plants leaves were synthesized.
One plant was medicinal (Acorus calamus) and another plant was a weed (Lantana Camara). The silver
nanoparticles of both the plants proved to be toxic to the semen samples. The semen sample showed
immediate precipitation of sperm cells and the seminal fluid formed as the supernatant. Deheaded
sperms, abnormality of sperms and coagulation of semen was observed immediately after the addition of
the silver nanoparticles solution to the semen sample. Similarly the studies were carried out to check
whether the same result is observed when the semen sample is treated with plant extracts and silver
nitrate separately. The plant extracts did not lead to any coagulation of sperm cells but it reduced the
progressive motility of sperms to zero no morphological changes in the sperms were observed. Whereas
when the semen sample was treated with Silver nitrate solution even at the lowest concentration of 10ul
it lead to immediate coagulation of sperms at the bottom of the tube and separation of seminal plasma
fluid and the sperm cells, morphological defects in the sperms and zero motility of sperms was observed.

Keywords: Sperm toxicity, silver nanoparticles, CASA (Computer Assisted Sperm Analysis), buffalo
semen, cattle semen, nano toxicity

1. Introduction
The multidisciplinary field of nanotoxicology focuses on determining the extent to which
nanomaterials (materials with at least one dimension <100 nm) pose a hazard to human health
and the environment. The small size, large surface area-to-volume ratio, and quantum size
effects of nanoscale materials may lead to biological effects that differ from those induced by
their larger counterparts [1. Although human beings have been exposed to airborne nanosized
particles throughout their evolutionary stages, such exposures have increased dramatically
over the last century 2. The rapidly developing field of nanotechnology will result in new
sources of this exposure, through inhalation, ingestion, skin uptake, and injection of
engineered nanomaterials. Air pollution research has suggested that particles may be more
toxic to cells at the nanoscale.
Despite the wide use of nanomaterials, there is a lack of information about the impact of the
nanoparticles (NPs) on health and environment. There is only limited knowledge about the
toxicity of nanoparticles, including in reproductive medicine for example, regarding effects on
spermatozoa. Spermatogenesis is a complex process that is very sensitive to environmental
toxicants [, among these NPs may exert negative effects in many organs including testis.
However, in the field of reproduction biology, studies on the effects of NPs on germ cells and
ejaculated spermatozoa are scanty.
Silver Nanoparticles exert a significant dose-dependent effect on motility and viability of
sperms. Ag-NPs seem to show a slightly elevated toxicity as compared to gold nanoparticles 4],
~g~
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In a study on donor sperm stated that the gold nano-particles
show dose-dependent effects on sperm motility 1. Nano-
particles can reduce the sperm parameters such as motility
and normal morphology and secondly affect sperm chromatin
remodelling and cause the increase instability of chromatin
and also increase the rate of sperm DNA damage in mice.
These deleterious effects were more obvious in maximum
dose and chronic phase [,

Nuclear sperm DNA damage has a relationship with male
infertility. Assessment of sperm DNA damage appears to be a
potential tool for evaluating semen samples before the use in
as reproduction, helping to select spermatozoa with intact
DNA or with the least amount of DNA damage for use in
assisted conception [,

Studies also suggest that Titanium Oxide Nanoparticles may
have cytotoxic effect on buffalo spermatozoa by affecting
sperm functionality and causing high amount of DNA
fragmentations [®1.

A molecular examination revealed a reduction of free thiol
residues on the cell membrane after nanoparticle exposure,
which could explain the decrease in sperm motility [
Evaluation of sperm cell motility and morphology is an
important parameter in the examination of sperm quality and
in the establishment of correlations between sperm quality
and fertility ', Computer-assisted sperm analysis (CASA)
allows an objective assessment of different cell
characteristics: motion, velocity, and morphology for quality
assurance of semen and for the understanding of the diversity
of sperm responses to changes in the environment CASA
systems are important ', Moreover, filters can be applied to
optimize sperm recognition/tail detection, debris rejection and
advanced analysis for semen samples with “noisy”
backgrounds (full of debris). Together these features greatly
assist in the more accurate determination of percentage sperm
motility 2,

In view of above, present study was undertaken to assess the
sperm toxicity of silver nanoparticles by using Computer
Assisted Semen Analysis (CASA).

The trial of effect of the nanoparticles on semen sample was
first carried out with the weed Lantana Camara but it proved
to be toxic to the semen sample, so a considerable thought
about the medicinal plant might prove to be beneficial was
taken into trials. Hence later the experiment was carried out
with the medicinal plant Acorus calamus which also proved to
be toxic when treated with semen sample in the form of its
nanoparticles.

Lantana camara, a noxious weed, has been expanding and
now established in many regions of the world, including
India. As it poses major threats to ecosystem, it has been in
the focus of control attempts ['3l. Lantana camara is a small
perennial shrub in the form of dense thickets in a variety of
environments. It has been nominated as among 100 of the
"World's Worst" invaders by the IUCN Invasive Species
Specialist Group and it has been listed as a noxious weed in
many countries. Phytochemical tests reveal the presence of
alkaloids, tannins, saponins, flavanoids, carbohydrates,
steroids and triterpinoids 141,

Acorus calamus (Sweet flag) is a monocot plant. Its scented
leaves and rhizomes have been traditionally used medicinally
against different ailments ['. The results of preliminary
phytochemical screening from Extracts of leaves of Acorus
calamus revealed the presence of Carbohydrates, Tannins,
Amino acids, Alkaloids, Sterols, Terpinoids, Glycosides,
Saponins and Flavanoids ['°l. The presence of triterpenoids
and alkaloids of both the plants interferes with the metabolism

and proves to be toxic to a number organisms like bacteria
and fungi ['71,

2. Materials and Methods

2.1 Materials

2.1.1 Semen Sample

Fresh semen samples were collected from healthy bulls and
cattle housed at Semen Laboratory, BAIF- CRS (Bhartiya
Agro Industrial Foundation — Central Research Station) by
using Artificial Vagina and monitored for progressive
motility, acrosomal integrity and sperm shape on CASA. It
was collected and transferred according to the published
standard procedure in reproductive medicine (Semen analysis.
US patent 200401468438).

2.1.2 Plants

The plants Acorus calamus and Lantana camara were
obtained from More Garden Nursery campus, Manjri, Pune.
These plants were authenticated by from BSI (Botanical
Survey of India), Pune (Voucher No. BSI/WRC/100-1/Tech./
2017/1).

2.1.3 Silver Nitrate (Fischer Chemicals) (mol wt 169.87
g/mol) was used.

2.1.4 Preparation of Silver Nanoparticles

Silver Nanoparticles were biologically synthesized by using 2
aqueous plant extracts.20 g of finely cut leaves were
thoroughly washed with Distilled water and crushed to
prepare aqueous extract and stored at 4 °C for further use.

50 ml of leaf extract of both the plants was added to equal
volume of Silver Nitrate Solution (10-%) and was incubated at
37 % overnight till the colour change (Bio reduction) was
observed. All standard aseptic techniques were maintained.

2.1.5 Characterization of Silver Nanoparticles

The nano particles were confirmed, by the appearance of
brown colour with naked eyes and characterized by UV-
Visible double beam spectroscopy (UV-1800 Shimadzu UV
spectrophotometer, Japan) at a wavelength of 400-600 nm.
The crystalline nature of nanoparticles was checked by
XRAY Diffraction at the Central Instrumentation Facility
(CIF) Department, Savitribai Phule University of Pune. The
topography of nanoparticles was studied by Field Emission
Scanning Electron Microscope (FESEM) (FEI Nova Nano,
Lincoln, SEM 450) and Energy Dispersive Analysis of X-rays
(EDAX) (Bruker 9430) at the Central Instrumentation Facility
(CIF), Savitribai Phule University. The average size of
nanoparticles was found to be 20.5 nm for Acorus calamus
(Fig no.1) and 40 nm for Lantana camara. (Fig No. 2).

Fig 1: FESEM analysis of Acorus calamus Silver Nanoparticles
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Fig 2: FESEM Analysis of Lantana Camara Silver Nanoparticles

2.16 CASA (Computer Assisted Semen Analysis) (HT
CASA 1I, 2014, Beverly) was used for the analysis of sperm
motility (%). Briefly, 10 uL of sample was placed in a 37 °C
Makler chamber (Makler, Haifa, Israel). Using a
10 x objective in-phase contrast mode, the image was relayed,
digitized, and analyzed by CASA. The movement of at least
70% sperm cells was recorded for each sample from at least
three random fields.(Kwon et al. 2015)

2.2 Methodology

The fresh semen sample was monitored for 8 various Breeds
on CASA (Computer Assisted Semen Analysis) (HT CASA
11, 2014, Beverly). Single sample of the following breeds was
analysed:-

Bhadavari

Murrah

Gir

HF50%

HF75%

HF 100%

e Jersey
e Jersey 62.5%
e Indigenous

These samples were analysed for motility, acrosomal integrity
on CASA, and all of the samples monitored showed motility
above 65%.

Later these samples were treated with silver nanoparticles
solution at various concentrationsi.e 100ul, 200ul, 300ul,
400ul and 500ul and immediate coagulation of the sperms at
the bottom of the tube (as a precipitate) was observed through
the naked eyes.

In the next step these samples were analysed on CASA and
they showed Zero Motility, the acrosomes were damaged,
deheaded sperms were also observed as a result interaction of
the Silver nano particles of both the plants i.e. Acorus
calamus and Lantana camara.

3. Results and Discussion

Table 1: Effect of Silver Nanoparticles of Lantana Camara on 1 ml Semen samples of various breeds at various concentrations.
Control: Semen sample showing the motile sperms percentage. All the semen samples used as control had acrosomal integrity more than 65%.

Control 100ul 200ul 300ul 400pl 500ul Mean

Murrah 66 69 76 88 89 98 84.00
Bhadavari 74 89 92 96 97 99 94.60
Gir 76 67 75 78 88 95 80.60

HF 50% 72 75 85 88 91 94 86.60
HF 75% 80 70 81 84 90 92 83.40
HF 100% 86 72 82 84 97 98 86.60
Jersey 77 66 83 88 91 97 85.00
Jersey 62.5 74 69 78 80 83 90 80.00
Indigenous 70 81 85 88 89 96 87.80

Table No. 2: Effect of Silver Nanoparticles of Acorus calamus on 1ml semen samples of various breeds at various concentrations.
Control: Semen sample showing the motile sperms percentage. All the semen samples used as control had acrosomal integrity more than 65%.

Control 100ul 200ul 300ul 400pl 500ul Mean

Murrah 68 70 73 85 89 95 82.40
Bhadavari 76 87 90 92 94 97 92.00
Gir 75 78 81 88 95 99 88.20

HF 50% 73 79 86 87 93 98 88.60
HF 75% 83 71 85 89 95 99 87.80
HF 100% 92 69 81.1 87.2 92 97.5 85.36
Jersey 76 87 89 90 94 99 91.80
Jersey 62.5 82 81.2 83 87 93 98 88.44
Indigenous 78 80 89 92 98 99 91.60

~g~
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Fig 3: Analysis of Buffalo semen sample on CASA before adding the Silver Nanoparticles
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Fig 4: Analysis of Buffalo Semen Sample on CASA after adding the Silver Nanoparticles.

3.2 Cattle Semen Sample
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Fig 5: Analysis of Cattle Semen sample on CASA before adding the Silver Nanoparticle solution Silver Nanoparticles
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Fig 6: Analysis of Cattle Semen Sample on CASA after adding Silver Nanoparticles

4. Conclusions

We demonstrated in a preliminary, small study that the
motility of spermatozoa was affected by the presence of silver
nanoparticles. The Silver nanoparticles prove to be toxic to
the Semen sample of all the breeds of bulls and cattle.

When the semen samples were treated with plant extracts it
lead to zero progressive motility. When the semen sample was
treated with Silver nanoparticles of both the plants it lead to
immediate coagulation of the sperms and immediate
precipitate of sperm cells was seen at the bottom of the tube
separating the seminal fluid as the supernatant. Similarly
when the semen sample was treated with silver nitrate
solution it leads to strong precipitation and coagulation of the
semen sample. Now with the plant extracts there was no
coagulation of sperms seen. But the progressive motility
reduced to zero. The motility of the control sperm was 75%.
This states that silver in the nanoparticles leads to the damage
of the sperms and motility reduction. Whereas the plant
extract leads to destroying of the motility of sperms. The
sperms were monitored on CASA and it leads to zero
motility, less than 15% acrosomal integrity, and also De-
headed sperms were observed (Fig No 3 — Fig No 6). When
the Silver Nanoparticles solution was added to the Semen
sample immediate precipitation / coagulation of sperms was
observed even at lowest concentrations of 100ul and as the
concentration of silver nanoparticles increased the
precipitation. In the mixture, penetration of silvernano
particles into the sperm head and tails could be observed.
With increasing concentration of the silver nanoparticle
solution in the semen sample it lead to increased coagulation
and damaged spermatozoa. We also noted fragmentation of
sperm in the study sample that included the nanoparticle
solution. Previously studies to test the effect of magnetite
nanoparticles show that penetration of magnetite
nanoparticles into sperm cells can be visualized 1%,

Hence we can conclude that Silver nanoparticles are toxic to
the bull semen. With increasing concentration the acrosomal
damage, tail damage, Coagulation of sperms increased.
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