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ABSTRACT
Objective: Recent studies have reported that metallic nanoparticles and ions from Copper
nanoparticles had potential adverse effects. However, the biological effects of Copper
nanoparticles on male reproductive function remain unclear. The objective of this study was
to investigate the reproductive toxicity in adult male rats following oral administration of
Copper nanoparticles. Methodology: Poly vinylpyrrolidone coated Copper nanoparticles of
average particles size 60 and 40 nm were used to analyze reproductive toxicity. Male Wistar
rats were divided into five groups of six animals each. The control group received only the
vehicle (distilled water) whereas animals in Groups II, III, IV, and V received Cu NPs
dissolved in distilled water orally at the dose level of 1 and 2 mg/kg b wt/day, respectively of
each size for 45 days. The effects on male reproductive function were observed, including
testicular to body weight, the epididymal sperm parameters. The level of male sex hormones
in serum and protein, glycogen, sialic acid, and cholesterol were evaluated in the testes.
Results: The result showed a significant decline in sperm density and motility in treated
rats. A decrease in sex hormones levels was observed in all the treated groups. Post fertility
test showed 40%, 50%, 60%, and 70% negative results. In biochemical parameters,
testicular protein and cholesterol level were significantly improved while the glycogen and
the sialic acid content decreased significantly. Conclusion: Copper NP exposure not only
altered the hormonal and biochemical structure but also reduced male fertility in adult
Wistar rats.
Keywords: Nanoparticle, reproductive toxicity, testis, sperm density.

1. INTRODUCTION
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Nanotechnology is a relatively new science; however, it
already has numerous applications in routine life, ranging
from consumer goods to medicine. Despite the wide
applications of nanomaterials, there has been a great lack of
evidence about the impact of nanoparticles (NP) on human
health and the environment. The key parameters that
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influence its toxicity are the chemical nature, the particle
size, the morphology and the chemistry of the surface.
Nano-sized copper particles, one of the fabricated metal
nanoparticles, are now produced industrially and are
commercially available. Recently, copper nanoparticles are
used as an additive in lubricants, metallic coatings,
polymers, and inks, etc. Due to the excellent repair effects of
nano-copper particles, to effectively reduce friction and
wear, or to repair a worn surface, they are added to
lubricating oil as an additive.1The nano-copper particles are
invariably deposited on the graphite surface to expressively
develop the charge-discharge property, such as Coulomb
efficiency, cycle characteristics and high performance as the
anode material for lithium-ion batteries.2
The field of nanotoxicology still lacks the information and
clarification necessary to achieve a true risk assessment.3
Nowadays, due to the extensive application of nanoparticles,
there is growing concern about the effects of these
substances, such as reactive oxygen (ROS) on human health
and the environment.4It is likely that nano-copper particles,
similar to other nanomaterials, enter the environment and the
human body through different routes, such as effluents,
consumer products, and disposal, spills during shipping and
treatment. If the ingestion of copper exceeds the range of
human tolerance, it would cause toxic effects such as
hemolysis, jaundice and even death. More recently, the study
specifies that common copper surplus in vivo can prompt a
set of toxicological activities such as hepatocirrosis5,changes
in lipid profile, renal dysfunction, oxidative stress6 and the
stimulus of the mucous membrane of the digestive tract, etc.
The nanoparticles can cross the cell membrane without effort
and even cross the blood-brain barrier and the blood testicles
barrier, so it can affect the whole body.7, 8
The toxicity of nanoparticles and other cellular responses
depends on the nature of the material and doses have been
used. This evidenced that liver parenchyma cells have a
major role in the elimination of nanoparticles from the
blood.9Theoretically, nanoparticles can have some negative
consequence on human health and the environment and their
apparent impact on male reproductive function has not yet
been clarified.
In addition, it is known that oxidative stress is one of the
foremost mechanisms of this deterioration. However, the
effects of the copper nanoparticle on the male spermatogenic
process remain indistinct. This study investigates the effects
of different doses of copper nanoparticles at a hormonal and
biochemical level in male albino rats.

concentrations at 1 and 2 mg/kg for each size of 40 and 60
nm. The Cu NP suspension was vortexed before it was orally
administered.
Experimental model
The present study was carried out on male albino rats
(Rattusnorvegicus) of the Wistar strain weighing from 150 to
200 g. The animals were accommodated in a well-ventilated
and hygienic room with natural light and dark cycle (12
hrdark/clear) with arelative humidity of 55% and room
temperature of 25 ± 2 °C. They were housed individually in
clean polypropylene cages with bedding of sawdust and
covers with stainless steel wire covers. The rats were fed
standard pelleted feed obtained from Ashirwad Food
Industries Ltd., Chandigarh (Punjab) and fresh water were
supplied ad libitum during the course of the study. The
guidelines for care and use of animals for scientific research
(INSA) were strictly followed throughout the course of
theinvestigation.10Before starting the experiment the male
rats were kept with normal oestrous females for mating.
Experimental design
Wistar male rats were separated into five groups of six
animals each.
G I- Control received vehicle (Distilled water) only
G II- Animals received 1 mg/kg bwt/day of 40 nm Cu NPs
orally for 45 days
G III- Animals received 2 mg/kg bwt/day of 40 nm Cu NPs
orally for 45 days
G IV- Animals received 1 mg/kg bwt/day of 60 nm Cu NPs
orally for 45 days
G V- Animals received 2 mg/kg bwt/day of 60 nm Cu NPs
orally for 45 days

Autopsy schedule
At the end of the experiment, the rats were weighed and
sacrificed under anesthesia with light ether. The blood was
collected by cardiac puncture. The male reproductive organs
were dissected, washed with distilled water, dried, weighed
and managed for sperm dynamics and biochemical studies.
Parameters studied
Body and reproductive organs weight
The initial body weight was taken on the first day of
treatment and the final body weight of each animal was
documented after the last day of treatment. The treated
animals were sacrificed along with the controls. Blood (2
ml) was collected in sterile tubes by cardiac puncture for
blood studies and allowed to clot. In addition, the coagulated
blood was centrifuged to isolate the serum for serological
studies. At autopsy, the reproductive organs (testicles,
epididymis, seminal vesicle, prostate and vas deferens)
2. MATERIALS AND METHODS
excised from the surrounding tissue and were transferred
Copper nanoparticles
free of blood for weighing.
Copper nanoparticles coated with PVP from APS 60 and 40
Fertility test
nm were purchased from Nano beach Company, G-25, East
The mating exposure test of all animals was performed.
Gokalpur, Delhi, India. The Cu NPs were suspended directly
They were cohabitating with normal proestrus females in a
in deionized water (distilled water) and dispersed by
1: 3 ratio. The vaginal plug and the presence of sperm in the
ultrasonic vibration for 20 minutes to produce two different
2259
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vaginal smear were checked for positive coupling. The
females were separated and pregnancies were observed
when the mothers gave birth.11
Sperm dynamics
Sperm motility was determined in the cauda
epididymis.12The epididymis was removed immediately after
anesthesia. The known weight of epididymis was gently
teased in a specific volume of physiological saline (0.9%
NaCl) to release the spermatozoa from the tubules and
placed on the slide of the Neubauer chamber. The sperm
suspension was examined within five minutes after its
isolation from the epididymis. The results were determined
by counting the motile and immobile spermatozoa in at least
ten separate and randomly selected fields. The results were
finally expressed as a percentage of motility.
The sperm density was calculated in the testes and the
epididymis in millions/ml as per dilution according to the
method of Prasad et al., 1972.12Total number of sperms were
counted using haemocytometer after further diluting the
sperm suspension from testis.
Biochemical test
Total protein, 13glycogen, 14sialicacid15and cholesterol 16
were evaluated in the testes.
Hormone analysis
The serum levels of testosterone, Follicle stimulating
hormone (FSH) and Leutinizing hormone (LH) of the treated
and control groups were estimated by radioimmunoassay
(RIA) to observe the changes in the gonadal hormone.17
Serum obtained by centrifugation at 3000 rpm and stored at 20 oC for determination of hormones.
Statistical analysis
The data obtained from the experiments were presented as
mean ±SE and analyzed statistically by the use of Single
factor ANOVA and the significance of the differences were
set at P≤0.05 (significant) and p≤0.01 (highly significant)
levels.

caused a structural and functional change in the reproductive
organs that could be due to the inequality of the reproductive
hormones. Similarly, the decrease in the weight of the
accessory sex organs could be due to the low accessibility of
androgens or the antiandrogenic activity of the
nanoparticles.22
A severe alteration in sperm motility was observed in the
caudaepididymis and the spermatic density in the testes
decreased in a non-significant way and in the epididymis it
decreased significantly (p≤0.05) after the administration of
copper nanoparticles compared to the control (Table 2).
A significant decrease (p≤0.05) in the motility and density of
the caudal epididymal sperm suggested an insufficient
supply of testosterone to the epididymis, possibly causing an
alteration of epididymalfunction since it is known that the
structure and function of the epididymis depend on the
androgens. The copper nanoparticle affects nerve impulses
by reducing the acetylcholinesterase activity that leads to the
suppression of gonadotrophic hormones (LH and
FSH).Clampdown of gonadotrophins might be decreased
sperm density in testes.23Decreased sperm density in the
epididymis is an indicator of reduced spermatogenesis as a
result of the toxicity of any agent. Low caudal epididymal
sperm density in our study may be due to alteration in
androgen metabolism. The physiological and biochemical
integrity of epididymis are dependent on androgens.24
The control rats showed a 100% fertility rate by mating
exposure test. Rats administered with copper nanoparticles at
doses of 1 and 2 mgkg/b.wt/day-1 revealed 60 and 70%
negative fertility with the 40 nm copper NP and 40 and 50%
of negative fertility with 60 nm copper NPtreated rats as
compared to the control group (Table 2). A decrease in
fertility aptitudes in treated rats has been recognized as an
impediment to motility and viability of sperm. 70%
infertility in rats could be attributed to the lack of
progressive progression and reduction of sperm density and
the altered biochemical environment of the epididymal tail.25
In biochemical parameters, testicular protein and cholesterol
3. RESULTS & DISCUSSION
level were significantly improved (p≤0.05) after
The study revealed a non significant decrease in body weight
administration of copper nanoparticles in rats. The glycogen
after administration of copper NP at a dose level of 1 and 2
level in the testes decreased significantly (p≤0.01) in the rats
mg/kg / b. wt / day in relation to the control group (Table 1).
treated with copper NP and the sialic acid content decreased
But the significant decrease (p≤0.01) in the weight of the
significantly (Table 3). Protein biosynthesis is a crucial
testes attributable to the loss of germ cells and elongated
factor for testicular development and spermatogenesis. A
spermatids.18It has been reported that reduced levels of
high level of total protein content generally specifies hepatic
testosterone propionate cause adiminution in body mass
19
detoxification, which produces inhibitory effects on the
index. Similarly, the weight of the testes, epididymis,
activities of the enzymes involved in the biotransformation
prostate and seminal vesicles in the treated group was also
of androgens.26 These effects may be responsible for the
significantly (p≤0.05) decreased (Table 1).
inhibition of spermatogenesis. The increase in cholesterol
Copper NP reduced the spermatogenic potential by reducing
level may be due to the decrease in androgen production,
the number of sertoli cells since the weight of the testicles
which causes an accumulation of cholesterol in the testes
depends to a large extent on the mass of differentiated
and, therefore, alters spermatogenesis.27
spermatogenic cells20or it could be due to a decrease in the
A drop in the level of glycogen reveals a decrease in the
production of seminiferous tubular fluid, which contributes
21
number of postmeiotic germ cells that are supposed to be the
to the weight of the testicles. The decreased weight of the
sites of glucose metabolism.28The inhibition of glycogen
testes in the treated rats clearly indicated that the copper NPs
2260
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synthesis can affect the sperm maturation process and,
finally, decreased the spermatogenesis process. The
structural integrity of the acrosomal membrane depends on
the sialic acid; the reduced content of sialic acid could
modify the structural integrity of the acrosomal membrane,
eventually affecting the metabolism, motility, and sperm
fertilization capacity.29
The results of this experimental study indicated that copper
nanoparticles in professed concentrations have a different
effect on sex hormones and serum cholesterol. The pituitary
hormones (LH and FSH) that have protein structure
diminished by the injection of nanoparticles and this
reduction was more significant for FSH (Figure-1). The
nanoparticles can inhibit the function of the endocrine
system by blocking the pituitary-hypothalamus axis and is
perhaps due to the reduction in the level of Gn RH.
Subsequently, FSH and LH are pituitary hormones,
therefore, this decrease can be measured as a result of the
penetration of nanoparticles from the blood-brain barrier.8
Testosterone is the foremost androgen of the testes and is
essential for sperm production and maintenance of accessory
sex organs.30The level of testosterone, FSH and LH
decreased significantly (P <0.01) after treatment with copper
NP (Figure-2and 3).A reduced serum testosterone validated
the inhibitory effects of copper NP on the secretion of
pituitary gonadotropins (FSH and LH) and, in turn, on
testosterone biosynthesis. A low level of testosterone halts
spermatogenesis.31The hormonal alterations produced by NP
favor the direct toxic effect of the nanoparticle or possibly
through a change in the neuroendocrine environment that
results in the inhibition of the pituitary-gonadal helix.32 The
disposition
of
androgens
not
only
suppresses
spermatogenesis, which leads to a low concentration of
sperm but also alters the epididymal environment, which
makes it hostile for physiological maturation and sperm
survival. In conclusion, exposure to copper NP not only
altered the hormonal and biochemical structure but also
reduced male fertility in Wistar rats.
The statistical analysis of our results revealed that the
concentration of the hormone testosterone in the rats treated
with Cu NP decreased significantly in comparison of the
control groups (P <0.001)(Figure-3). This could be caused
by the opposite effects of the nanoparticles in the Leydig
cells, resulting in a reduction in the production of hormones.
The nanoparticles can decrease and disrupt the secretion in
the cells by the disturbing effect on the mitochondria.
Nanoparticles also increase the release of reactive oxygen
molecules, such as superoxidase and amplified protein
oxidation, which causes cell death, therefore, the
testosterone generating cells are reduced.33 Another
hypothesis is the decrease in the acute steroidogenic
regulatory StAR gene expression due to the exposure of
nanoparticles caused the synthesis of reduced testosterone.
The product of this gene is a transport protein that transports

cholesterol to the inner cell membrane of the mitochondria
for the production of steroid hormones.34
The analysis of FSH and testosterone in male rat revealed
that the levels of FSH and testosterone were significantly
reduced with the treatment with Cu NPs. The results suggest
that the reduction in testosterone level, which results from
testicular damage, affected testicular spermatogenesis.
Testicular damage was affected by reduced FSH.34The
change of hormone reproductive levels indicates the
abnormal reproductive axis function.35
Table 1: Body and Organ weight (Effect of Cu NP for 45 days)
Treatment Body weight Testes Epididymi Vas
Seminal Ventral
s
deferen vesical prostate
InitialFinal
s
g
mg/100g body wt.
182.4 187.14 1241.74 484.28
152.76 458.79 190.29
Group I
±2.02 ±12.65 ±12.07
±5.20 ±17.26 ±7.83
(Wateronly 3
±1.29
)
Group II 173.1 167.18n 1097.70* 429.85ns 135.66 ns 390.51* 152.10*
s
5
*
±23.55
±10.06 ±10.87 ±11.50
±1.77 ±0.72 ±17.57
n
Group III 181.8 172.20 1022.39* 407.44* 128.21* 357.73* 139.94*
s
3
*
±25.47
*
*
*
±3.56 ±1.88 ±27.60
±5.14 ±13.78 ±11.89
Group IV 175.6 169.62n 1132.13* 442.48 ns 146.83 ns 412.91* 161.91 ns
s
9
*
±26.63
±4.82 ±15.31 ±11.26
±1.76 ±2.31 ±16.46
n
ns
138.71 ns 391.26* 148.25*
Group V 184.2 181.51 1089.20* 432.24
s
7
*
±20.23
±4.03 *
±14.62
±1.75 ±1.94 ±21.63
±8.67
(Mean ± SEM of 6 animals), (All groups compared with Group I), * = significant
(P<0.05), ns = non-significant, ** = highly significant (P<0.01)

Table 2: Sperm Dynamics and Fertility (Effect of Cu NP for 45 days)
Treatment
Sperm motility Sperm density (million/ml)Fertility
(%)
(%)
Cuda
Testes
Cauda
Epididymis
Epididymis
69.18
4.21
20.97
Group
±2.09
±0.23
±1.19
100 (+ve)
I
(Water only)
ns
56.90*
3.75
15.05**
Group II
±2.57
±0.12
±0.85
60 (-ve)
54.91*
3.42*
13.87**
Group III
±2.76
±0.25
±0.98
70 (-ve)
57.51*
3.92 ns
17.84*
Group IV
±2.78
±0.22
±1.20
40 (-ve)
55.44*
3.69 ns
15.01**
Group V
±3.11
±0.19
±1.02
50 (-ve)

(Mean±SEM of 6 animals), (All groups compared with Group I), * = significant
(P<0.05), ns = non-significant, ** = highly significant (P<0.01)

Table 3: Tissue Biochemistry in testes(Effect of Cu NP for 45 days)
Treatment Protein
Cholesterol Glycogen
Sialic acid

Group
I
(Water
only)
Group II
Group III
Group IV
Group V

(mg/g)
249.90
±4.04

5.47
±0.39

2.86
±0.2

5.69
±0.33

277.40 ns
±4.27
279.40*
±3.88
257.61 ns
±4.17
261.80 ns
±4.34

6.02*
±0.43
6.50**
±0.48
5.93ns
±0.5
6.32*
±0.38

2.17**
±0.17
1.88**
±0.13
2.38**
±0.18
2.26**
±0.14

4.90 ns
±0.20
4.47*
±0.33
5.17 ns
±0.26
4.91 ns
±0.22

(Mean±SEM of 6 animals), (All groups compared with Group I), * = significant
(P<0.05), ns = non-significant, ** = highly significant (P<0.01)
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for metallic copper nanoparticles. Further research is needed
to elucidate exposure in human populations and mechanism
of actions.
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