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Abstract
Against the background of the unfavorable trend of recent years to intensify the role of male factor in infertile marriages the problem of male reproductive health 
gained not only medical but also social importance. Nowadays male infertility is the cause of reproductive problems of about 30-50% of couples. Therefore, research 
work in male infertility diagnostics and treatment is relevant and has high priority [1]. Male infertility is defined as a consequence of pathological processes in the body 
that contribute to the development of pathospermia. Factors that cause male fertility disorder and lead to infertility are thoroughly studied and well characterized. 
Factors that because male infertility include: varicocele [2-5], changes in biochemical parameters of ejaculate [6,7], infectious and inflammatory diseases of the 
urogenital system [8-11], immune infertility [12,13], endocrine disorders [14-17], drug addiction [18], smoking and alcohol addiction [20-22]. Some of them are 
involved in reproductive function regulation (hormones, cytokines, proteins, carbohydrates, lipids). The negative impact of such factors on spermatogenesis will be 
shown as its levels deviation from the accepted reference interval. Other factors and conditions have direct damaging effects on the reproductive system (infectious 
agents, antisperm antibodies, unfavourable environmental conditions, smoking, alcohol, drugs, varicocele).
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Introduction
Despite the diversity of the causes of male reproductive function 

disorders, ejaculate analysis is the main among all methods of laboratory 
and instrumental studies used to determine the functional state of 
gonads and male fertility. Ejaculate analysis became more informative 
and it gives important clinical information about spermatogenesis 
and functional competence of spermatozoa [23]. The most frequent 
pathological evidence in the ejaculate is asthenozoospermia-
spermatozoa motility disorder that can be a significant cause of male 
reproductive function disorder [24,25]. Such disorders may have genetic 
nature, as well as being the result of external factors. The question of 
what internal spermatozoa changes happen at the ultrastructural level 
in spermatozoa motility disorder remains not enough studied.

The purpose of the study was to examine spermatozoa pathological 
changes at the ultrastructural level in infertility, which could cause its 
motility disorder.

Materials and methods
 For the purpose of the study ejaculates, obtained after three days 

of abstinence, we mechanically collected from 100 men aged 25-42 
years old that were examined for infertility. Materials were taken using 
blinding method and at the same time were sent to routine examination 
(spermogram) and electron microscopic spermatozoa study. 

Spermogram was carried out using conventional methods and its 
parameters were evaluated according to World Health Organization 
criteria 2006 [23]. Spermatozoa motility was evaluated in the following 
categories:

“А” category - fast progressive movement;

“В” category - slow progressive movement; 

“С” category - all types of no progressive movement;

“D” category - immovable spermatozoa.

The reference group consisted of samples in which, according to 
light microscopy, spermatozoa motility corresponded to standard 
criteria: at least 25% of “A” category or 50% of “A” + “B” categories.

For the purpose of an electron microscopic spermatozoa study 
ejaculate was fixed in 2.5% glutaraldehyde solution followed by 1% 
osmium dioxide solution re-fixation. The sample was then dehydrated 
in alcohol in increasing concentration and polymerized at a temperature 
of 60 degrees Celsius. Ultrathin sections were taken using Leica EM 
UC6 ultra microtome, contrasted with lead citrate and examined in 
Morgagni 268 electron microscope.

In total, more than 2000 sections from 100 men were examined 
and 1560 microphotographs taken at x 4400 to x 71000 magnifications.

Study results
From 3450 spermograms carried out by “Clinical and Diagnostic 

Centre” over the period of 2012-2014, the structure of the obtained 
results shows that the majority of spermogram parameters changes 
falls on spermatozoa motility disorder (Figure 1).

As long as spermatozoa motility directly depends on the state of 
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spermatic filament, filament ultrastructure was precisely studied in the 
first place.

Patients of the reference group (30 patients) were diagnosed 
normozoospermia and according to the results of an electron 
microscopic study mitochondria of filament middle part had clear 
double-contoured membranes, cristas and had spiral boxing (Figure 
2a). Filament axoneme in cross sections consisted of nine peripherals 
and one central pairs of duplets, radial spokes (Figure 2b), fibrous layer 
was formed by ordered fibrils. In addition to the filaments the structure 
of spermatozoa heads and necks was also evaluated. Spermatozoa heads 
had mature homogenous chromatin, clear straight acrosome, which 
occupied the larger area of ​​the head (Figure 2c). Neck structures were 
clearly visible: basal plate, centriole, segmented columns (Figure 2d).

Speaking about patients with asthenozoospermia (70 patients) at 
the ultrastructural level in spermatozoa filament it was found that in 
all cases axoneme contained all ultrastructural components and had 
typical structure (Figure 2b). In the filament middle part in all cases 
mitochondria were swollen to different extent, blurring, destruction 
of cristas and clarification of mitochondrial matrix were present, in 
most cases mitochondria spiral boxing was broken (Figures 3a and 
3b). There were identified spermatozoa with twisted filament enclosed 
in cytoplasmic droplet, in which hyperplastic nuclear membrane was 
seen, that is considered to be a variant of spermatozoa dysplasia (Figure 
3c). There was an increase of spermatozoa quantity that had displayed 
vacuolated or granular chromatin in its heads or combination of these 
pathological changes (Figure 3d). There were also diagnosed changes 
in spermatozoa heads acrosome: swelling, vacuolization, premature 
degradation (Figures 3d, 3e, 3f). Spermatozoa neck and axoneme 
structures remained intact (Figure 2d).

Results consideration
Asthenozoospermia is one of the most common spermatozoa 

abnormal changes. Spermatozoa motility disorders occurred when 
pathological changes affected mitochondria, or when mitochondria 
pathological changes were combined with nuclear membrane 
hyperplasia. Generally, mitochondria’s swelling was identified. 
Mitochondria pathological changes also include membranes double-
contour disorder, cristas destruction, matrix homogenization, in severe 
cases - mitochondria clarification and devastation, mitochondria shift 
relative to each other. The data obtained shows that mitochondria are 

the most vulnerable and susceptible to pathological changes organelles, 
other ultrastructures are considerably stable. It may be explained 
by a number of features. Mitochondria are the only organelles that 
have autonomous DNA [26], and any structural change can break 
mitochondrial respiratory function that is necessary in the early stages 
of spermatogenesis for biosynthesis, and in mature spermatozoa for 
its movement, and this structural change may cause spermatozoa 
motility lowering [27,28]. Another vulnerable factor of mitochondria 
is its localization. In filaments mitochondria in a form of a turbinal 
chain are located in the middle part for the purpose of quick adenosine 
triphosphoric acid transfer to axomene and in order to provide 
spermatozoa motility. Mitochondria swelling, its shifting or wrong 
positioning in spiral boxing breaks power transfer mechanism for 
spermatozoa movement, which primarily results in different stages of 
asthenozoospermia [28-30].

The origin of such ultrastructural deficiency as hyperplastic nuclear 
membrane has little explanation in literature. It may be possible that 

Figure 1. Spermogram versions, carried out by “Clinic and Diagnostic Centre” over the period of 2012-2014.

Figure 2. а - spermatozoa filament middle part, mitochondria typical structure (1), spiral 
boxing around axoneme (2), х 14 000; b - filament cross section at the middle part level, 
axoneme typical structure, central pair of duplets (1), peripheral duplets (2), additional 
tight fibrils (3), dynein knobs (4), х 56 000; c-spermatozoa head, typical structure, mature 
homogenous chromatin (1), acrosome (2), fissured postacrosomal area (3). х 14  000; 
d-spermatozoa neck, typical structure, basal plate (1), centriole (2), centriole triplets (3), 
segmented columns (4), х 71 000.



Pichugova Svetlana V (2016) Ultrastructural analysis application for spermatozoa study in male infertility

 Volume 1(1): 20-23Med Devices Diagn Eng, 2016         doi: 10.15761/MDDE.1000105

in the process of spermatogenesis damaging impact on the nuclear 
membrane occurs, which results in changes in physical and chemical 
properties of the membrane, its flowability, and changes in membrane 
potential. With spermatozoon maturation chromatin compaction 
occurs, which combined with changing properties of the membrane 
leads to its redundancy. In the process of spermatogenesis cytoplasm 
part in the form of residual body is disconnected from the spermatozoon 
and is phagocytosed by the Sertoli cells. Part of cytoplasm with 
mitochondria and areas of redundant nuclear membrane is shifted in 
caudal direction and then covers the entire spermatozoon neck, or in 
the form of large cytoplasmic droplet is localized in the bottom area of 
spermatozoon head, the middle part of the filament, thus significantly 
limiting its motility.

In addition, it was identified that patients with asthenozoospermia 
had pathological changes of chromatin (granularity, vacuolization) 
and acrosome (swelling, vacuolization, premature degradation) in 
spermatozoa heads.

As it is known from data presented in the cited literature, the 
influence of disordering factors on mature spermatozoa generally 
results in mitochondria pathological change. It is confirmed by the 
results obtained in our study. Thus each case requires individual 
approach in diagnosis identification, which should be based not 
only on such parameters as quantity, motility and morphology of 

spermatozoa, but also the level of oxidative and antioxidant status and 
functional tests must be taken into account, which provides data for 
comprehensive evaluation of spermatozoa fertilizing potential of a 
particular person.

Thus, we can assume that mitochondria pathological changes, 
nuclear membrane hyperplasia, identified using electron microscopic 
spermatozoa study are the most frequent and influential causes of 
asthenozoospermia.

Conclusion 
1.	 There are no ultrastructural changes in the most number of 

cells within normal spermatozoa motility.

2.	 When there is spermatozoa motility disorder the number of 
spermatozoa with mitochondria changes increases as well as 
the number of spermatozoa with cytoplasmic droplet in the 
middle part of the filament that contains filament with signs of 
dysplasia, hyperplastic nuclear membrane, increases. 

3.	 Mitochondria are the least stable structures of spermatozoa 
filament; other structures are less exposed to pathological 
changes. 

4.	 If asthenozoospermia is identified the number of spermatozoa 
with chromatin and acrosome pathological changes increases.

Asthenozoospermia is the most common spermatozoa pathobiology 
and even a slight lowering of spermatozoa motility may be considered 
as subtle and early indicator of ejaculate quality deterioration.
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