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Abstract
Background : Infertility is a universal medical problem, 50% was contributed to male factors. Zinc is 
an important elements for all living cells and it is one of the most important trace elements in our bodies. 
Nanoparticles, are mall particles, that have a large surface area if compared to their size, this small size, help 
them to enter into living cells easily. This makes them an essential participant in all biological interactions 
and their modern applications. The aim was to evaluate the effects of Zinc and Nano zinc on male gonads 
histology and function. Methods: A double blind case control study, designed to test the effects of Zinc oxide 
and Nano zinc oxide on 20 rats that were divided randomly into 4 equal groups. Control, Zinc, Nano zinc, 
and hybrid (zinc and Nano zinc) group. The dose was 0.11mg/kg. Results: There was significant change in 
in serum Zinc and testosterone, more in ZnNPs containing groups. While the histological picture of testis 
ameliorated in zinc arm, but worsen in ZnNPs arm of experiment. These results lead to the Conclusion that 
Nano zinc though improve S. testosterone, it can damage the testicular tissues in certain doses.  
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Introduction

There was a variable rates of infertility among 
nations, and regions. It was estimated that around 15% 
of partners are infertile and that half of their infertility 
is caused by male related factors1. Zinc is one of the 
important elements present in all living things and it is 
one of the most important trace elements in our bodies. 
It is important for the growth and development of 
living cells, so that it presents in all body tissues and 
secretions in relatively high concentrations, especially 
in the prostate tissues and secreations. The average 
amount of zinc present in the body is about (1.4-2.3 
gm.)2,3,4,5. Many body systems were impacted by zinc 
like the reproductive, nervous, immunity, skin, and GIT 
systems1. 

Androgen production in our bodies is found to 
depend on zinc levels. The spermatozoa utilize zinc from 
seminal fluid after ejaculation (mainly prostatic), so the 
spermatozoal zinc will get higher after sperms exposed 
to prostatic part of seminal fluid, and this will enhance 

sperms’ maturation6.

Nanoparticles, are defined as small particles with a 
dimension in the range (1-100 Nanometers), they have 
a large surface area in comparism to their size, different 
degrees of biological effects, chemical reactions, and 
highly distinctive characteristics appear collectively in 
other materials. Because of their small size, they can 
be easily entered into living cells, which makes them 
an essential participant in all biological interactions 
and their modern applications7. Due to their distinct 
characteristics, they are increasingly used in various 
applications such as the pharmaceutical industry and 
bioengineering. They are also used in biomedical 
applications such as the manufacture of anti-cancer 
drugs and as antibacterial, and antifungal materials8, 
although ZnO is used as a vector for drug delivery, it 
still has cytotoxicity9. The study aimed to evaluate the 
effects of Zinc and Nano zinc on male gonads histology 
and function. 
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Materials and Methods

A double blind case control study, designed to test 
the effects of Zinc oxide and Nano zinc oxide on rats.  A 
twenty mature male rats were divided randomly into 4 
groups. Each group included 5 animals which included, 
Control group, Zinc group (Zn 0.11 mg / gm , Nano zinc 
(ZnNPs) 0.11 mg / gm and a hybrid group of both zinc 
and Nano zinc (Zn + ZnNPs) (0.055 mg / gm) for each 
of them. After 4 weeks of oral feeding, the biochemical 
and histological studies done. 

Statistical analysis: The data were analyzed 
statistically through the experiments system within the 
ready statistical program (SAS, 2012), and by using the 
complete random design system (CRD), as the averages 
were chosen according to Duncan’s test10. 

 Results

  Table (1) shows the effect of zinc (Zn) and Nano-
zinc (ZnNPs), and mixture of both (zinc and Nano-zinc) 

on the concentration of albumin, Zinc, and testosterone 
in serum. It showed a significant increase in the amount 
of albumin with oral administered Zn, it reached (4.38) 
While it was not significantly affected by the oral 
administration of ZnNPs and the mixture of Zn + ZnNPs 
(3.88, 3.94) respectively, as compared to the control 
group that average estimated level was (3.98). The results 
also showed that serum zinc had a non significance 
increment with the oral administration of Zn (119.6) as 
compared with control group (117.8). While the nano 
group arms of the study show significant increase of of 
serum zinc as compared with the control group , while 
zinc absorption was significantly increased when the 
oral administration of ZnNPs and the mixed Zn + ZnNPs 
reached (133.4,160.4), respectively. It was shown that 
the oral administration of Zn, ZnNPs and Zn + ZnNPs 
increase the level of testosterone to a significant levels 
. As it reached (5.17,5.60,6.10), respectively, compared 
with the control group, where it was (4.53).

 Table (1): concentration of the serum albumen, Zinc, and testosterone in control and study groups of white 
male rats.

Control Zn ZnNPs Zn+ ZnNPs

S. Albumin (g/dl) 3.98 b 4.38a* 3.88b 3.94b

S. Zinc (µg/dl) 117.8c 119.6c 133.4b* 160.4a*

S. Testosterone(ng/dl) 4.53b 5.17ab 5.60a* 6.10a*

 differed lowercase letters in one row mean that there is significant difference between study and control groups٭
at 0.05 probability level.

Figure 1: The Histology of the testes in control and study groups.
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T: seminiferous convoluted tubules; D: the stages 
of developmental spermatogenesis(black arrow) within 
the Lumen of the tubules (L), the spermatids (curved 
arrow) in the lumen of each tubule. Lydge cells(white 
arrow) found in the intertubular space (IS). 

The testis histology of control group showed that 
testicular tissue contained large numbers of seminiferous 
coiled tubules and each tubule contained the different 
stages of developmental spermatogenesis, starting with 
spermatogonia cells based on the basement membrane, 
then primary spermatocyte, then two rows of secondary 
spermatocyte, which in turn They are transformed into 
smaller spermatocytes close to the center of the lumen 
of each tube (the spermatids), and those spermatids are 
transformed into sperm at the lumen of the seminiferous 
tubules.

The picture (B) represent the testis of Zinc group, 
each convoluted tubule contains an abundance of 
spermatogonia stabilized on the basement membrane with 
dark nuclei, then another row of primary spermatocytes 
and more than two rows of secondary spermatocytes that 
transformed into several rows of spermatids close to the 
center of the lumen of the convoluted tubule. Bundles 
of sperms with a curdled liquid where noticed in the 
center of the lumen. This fluid is homogeneous, red in 
color. It has also been observed Lydge cells among the 
tubules which have endocrine function of testosterone 
secreation.

The picture (C) represent the testis of Nano-Zinc 
group, demonstrated the convoluted seminiferous 
tubule, in which the spermatogenic precursors had 
enlarged nucleus for those cells that compact with each 
other, these enlarged nuclei gives the compact cells in 
the section the dark view. The primary and secondary 
spermatocytes were found in the form of compact 
clumps also dark, while the spermatogenic precursors 
appeared in the form of separate groups at the edge of 
the lumen and within it. , The sperms were not noticed in 
the lumen where it supposed to be appeared. There was 
mass degeneration for some sperms in the lumen.

The picture (D) represent the testis of Zinc and 
Nano-Zinc group, it shows that the convoluted tubules 
contained a thickening of the basement membrane 
surrounding each tubule with the degeneration of sperm 
cells in various developmental stages. The center of the 

tubules show a presence of small clumps of cells, while 
the sperms were not clearly observed in the lumen, but 
rather a degenerated clumps near the edge.

Discussion

Medicines fixed on nanoparticle evolved to raise 
efficacy of drugs by, safeguard from digesting enzymes 
of the GIT and consequently improve absorption and 
bioavailability via oral dosage, as well it extends the 
drugs half-life in the serum. Due to its small size it 
can bypass the blood and tissue specific barriers, and 
enhance carriage of drugs to their specified tissues, or 
cells. It hastens the onset and extends the therapeutic 
effects; as well it reduce the needed therapeutic dose and 
hence reduces the unwanted effects and lessens the risk 
of toxicity11. Nano particles enhance absorption of Zn, 
hence enhance bioavailability in both serum and cells, 
the cytotoxicity also increased due to this increment12. 
These facts could explain the higher level of serum Zinc 
in Nano arm of the study, and it can be proposed that the 
testicular Zinc in Nano arm (at that dose) was reached 
the toxic level that lead to a severe tissue damage as 
shown in picture C and D. unfortunately the tissue levels 
of Zinc in the testicular tissue hadn’t measured. 

Many studies that investigate Nano Zinc toxicity 
used a large doses in their experiment both in vitro and 
in vivo studies. Nanoscale zinc oxide proved to have 
both oxidative(which was concentration dependent)
13 and antioxidant effects(as it had been found to be 
associated with reduction of glutathione in rats)1. Low 
doses of Zinc has favorable effect on metallozymes, 
transcription factors, immune precept and cell growth 
and proteins synthesis. It also plays antioxidant, anti-
apoptotic and anti-inflammatory act. Nano zinc in higher 
dose, conveys a toxic effects via oxidative stress activity 
which is time and concentration related. The zinc oxide 
nanoparticles in high doses can made the individual 
prone to thrombosis, It can pass through blood-testis 
barriers easily. It had been shown that the higher the 
dose and the longer the time exposure , the more the 
damage13.

The toxic effect of Nanoscale Zn causes the 
seminiferous tubules to be segregated, with random 
arrangement of developing germ cell layers, with a low 
sperm count in the lumen of the tubules. These toxic 
effects was more prominent in higher doses. There was 
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a degeneration of the seminiferous tubules with wider 
spaces in between, the Sertoli and Leydig cells shows 
a prominent vacuolization. These changes increased 
with increased dose of treatment as severe as absence 
the seminiferous tubules , and spermatogenic cells count 
in all stages was decreased , due to degeneration and 
necrosis. There is evidence of cell shedding and edema 
of intertubular space14.

Zinc could modulate the sperm function by many 
different mechanisms. One of them is the action of 
zinc as a cofactor for several hundred metalloenzymes, 
particularly the enzymes responsible for protein 
synthesis15, and that’s why the serum albumen increased 
in all arms of the study as compared with the control.

One experiments showed that giving ZnNPs to 
animals lab with induced diabetes for a month lead to 
a significant elevation of their level of testosterone if 
they compared with the untreated group with diabetes, 
which returned to normal levels after treatment16. 
Zinc potentiate the release of LH and FSH from the 
pituitary, this promote production of testosterone as 
well suppress the enzyme known as aromatase which 
catalyze conversion of testosterone into estrogen. These 
two effects of Zn promotes the sexual and reproductive 
capability of individual on Zn treatment. 17

Conclusion

Although there is significant increase in serum 
testosterone, the histology of testis with Nano zinc arm of 
the study shows non favorable changes of seminiferous 
tubules represented by degeneration of spermatids and 
sperms, if compared with control or Zinc alone group. 
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