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MoRPHoLoGiCAL FEATURES                                                   
oF SPERMAToZoA FRoM MALE WHiTE RATS                

UNdER EXPERiMENTAL STRESS
I.Yu. Arestova, E.G. Sharonova, M.Yu. Kupriyanova

We present the effect of stressogenic factors on the morphological parameters 
of spermatozoa. 

Objective. We studied the morpho-physiological features of spermatozoa from 
male albino rats under experimental stress.

Materials and methods. A experiment was carried out using sexually mature 
outbred white rats. Combined stress was performed to an experimental group: after 
three days of starvation, an emotional stress of “free swimming in a cage” technique 
was provided. Under a microscope, the spermatozoa were counted per volume of 
epididymal suspension, the activity was evaluated, and the morphology was studied. 

Results. A study of the epididymal suspension of male rats under starvation and 
“emotional” stress showed a decrease in the total number of spermatozoa and sperm 
motility indices, and an increase in the abnormal gamete forms compared to the control. 

Conclusion. The combined effect of even short-term stressogenic factors leads 
to significant changes in the spermogram, allowing the quantitative and qualitative 
seminal fluid parameters to be a convincing criterion of maladaptation processes 
in the body under the stress.
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МОРФОЛОГИЧЕСКИЕ ОСОБЕННОСТИ                             
СПЕРМАТОЗОИДОВ САМЦОВ БЕЛЫХ КРЫС                             

В УСЛОВИЯХ ЭКСПЕРИМЕНТАЛЬНОГО СТРЕССА
И.Ю. Арестова, Е.Г. Шаронова, М.Ю. Куприянова

Представлены результаты исследования влияния стрессогенных факто-
ров на морфологические параметры сперматозоидов. 

Цель. Изучение особенностей морфо-физиологии сперматозоидов самцов 
белых крыс в условиях экспериментального стресса.
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Материалы и методы. Проведен эксперимент с использованием половозре-
лых беспородных белых крыс. Экспериментальная группа животных подвер-
галась комбинированному стрессу: трое суток – голод, по истечении третьих 
суток – эмоциональный стресс, в соответствии с методикой «свободное пла-
вание в клетке». Подсчитывали количество сперматозоидов в единице объема 
эпидидимальной взвеси, проводилась оценка активности под микроскопом, 
изучалась морфология. 

Результаты. Исследование эпидидимальной взвеси самцов, перенесших 
голод и «эмоциональный» стресс, показало снижение общего числа спер-
матозоидов и показателей подвижности сперматозоидов у подопытных 
крыс по сравнению с контрольными животными, а также увеличение у них 
патологических форм гамет. 

Заключение. Установлено, что даже незначительное по времени, но 
комбинированное воздействие стрессогенных факторов приводит к суще-
ственным изменениям спермограммы, а количественные и качественные па-
раметры семенной жидкости могут служить убедительным критерием де-
задаптационных процессов, происходящих в организме под влиянием стресса.
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introduction
A significant number of clinical observations and experiments confirm the 

increase of spermatogenesis disorders in modern men [11], [16]. 
The scientists assess the quality of the ejaculate based on the World Health 

Organization recommendations [15]. However, the assessment of sperm mor-
pho-physiology is the subject of debate [1]. The data on morpho-functional 
characteristics of male germ cells under stress conditions differ. This may show 
that spermatozoa are very sensitive to various factors. Different factors can af-
fect the spermatogenesis and morphology of spermatozoa: physical [19], chem-
ical [7], [24], food [2], biological [8], and social [23], [10].

The effect of stress on spermatogenesis is studied poorly. Studies of the role 
of damaging factors mainly concern female reproductive function. The ethical 
component undoubtedly complicated the study of stress factors in spermatogen-
esis. The stressor component cannot be distinguished easily. However, there is 
experimental evidence confirming the relationship between stress and impaired 
spermatogenesis [3], [4], [9].
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The purpose of our study was to study the morpho-physiological features of 
spermatozoa from male albino rats under experimental stress.

Research materials and methods
An experiment was carried out using mature male outbred white rats weigh-

ing from 250 to 320 g.
The animals were allocated according to the principle of analogues in con-

trol and the experimental groups, 10 animals each. The sample size is small 
because the study is a pilot one to determine the feasibility of further studies.

The experiment on the animals was conducted in accordance with the 
“Guidelines for accommodation and care of animals. Species-specific provi-
sions for laboratory rodents and rabbits” (GOST 33216-2014) and the “Europe-
an Convention for the Protection of Vertebrate Animals used for Experimental 
and Other Scientific Purposes” [18].

The experiment lasted for 3 days. The animals of the second experimental 
group were kept in the absence of food, but with free access to water, experi-
encing starvation stress. At the end of the third day, all animals of the experi-
mental group were additionally subjected to emotional stress, according to the 
“free swimming in the cage” technique (animals swam for 3 hours in a plastic 
aquarium filled with water of 22-24°С). 

The control group of animals was intact; the animals were kept in the vivari-
um, had free access to water and received food in accordance with the regulations.

After three days, all animals were removed from the experiment. The ani-
mals were terminated using humane and ethically justified methods.

Testes of rats were examined in the control (10 animals) and the experimental 
(10 animals subjected to combined stress) groups. To get mature spermatozoa, 
testicular appendages were cut in 1 mL of 5% glucose solution at 37°C. Then, the 
appendage was freed from the spermatozoa using a sterile rubber tube [5], [6]. 

The following parameters were evaluated: the spermatozoa count per vol-
ume of epididymal suspension in a hemocytometer (Goryaev chamber); the 
activity, and the morphology under a microscope. For the micromorphological 
analysis, 200 sperm cells were counted and measured in stained smears in du-
plicate. Among the counted germ cells, the percentage of abnormal cells was 
determined, and the TeratoZoospermia Index (TZI) was calculated as the ratio of 
the total number of abnormalities detected to the number of abnormal spermato-
zoa. Sperm smears were studied using a MIKMED-6 light-optical microscope 
with video-visualization. Images were imported and analyzed using “Micro 
View” morphometric analysis software (LOMO-Microsystems, SPb, Russia).
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The significance of the results in the small sample was tested by nonpara-
metric Mann-Whitney criterion. The values are given as М±s (М, mean; s, 
standard error). The critical level of significance for differences between the 
means was set as p=0.05.

Results and discussion
The data got show that the total number of sperm cells in the male con-

trol rats per volume of epididymal suspension was 17.19±0.52*106, which is 
35.25% more than in the stressed males (p<0.05) (Table 1).

Table 1.
indicators of epididymal suspension

Indicators
Group Difference 

between 
groups,%

Control 
(n=10) 

Experimental 
(n=10)

Sperm count, mln/ml 17,19±0,52 11,13±0,81 35,25*
Number of motile sperm, mln/ml 8,44±0,33 7,18±0,16 14,93*
The number of actively moving, mln/ml 4,53±0,52 2,73±0,57 40,18*
Number of dead per 200 cells 15,40±0,97 29,50±0,57 47,80*

Note: hereinafter * – statistically significant (p<0,05)

Microscopic examination of the epididymal suspension of males exposed to 
starvation and “emotional” stress showed a decrease in sperm motility. Thus, the 
number of motile germ cells in experimental males was 7.18±0.16*106, while 
in the intact group it was 8.44±0.33*106 (p<0.05).

Actively moving of all motile spermatozoa counted in the studied samples 
of epididymal suspension 53.68 ±2.51% in control and 37.68±3.15% in exper-
imental group (p<0.05).

An index that affects fertility is the viability of spermatozoa. To assess the vi-
ability of spermatozoa, we counted the number of dead ones per 200 cells. Dead 
spermatozoa were detected after staining smears of homogenate with eosin.

The number of dead spermatozoa in homogenate smears was higher in the ex-
perimental group compared with the control. Thus, the number of dead cells in the 
control was 7.7±0.75%, while in the stressed males it was 14.75±1.48% (p<0.05).

At the time of the study, the content of viable gametes in control and exper-
imental animals was 92.3±0.68 and 85.3±1.34%, respectively (p<0.05).

The pathological gametes were also noted in both control and experimental 
rats. Among the abnormalities, head, neck, middle part, and tail defects were noted.

The most common abnormalities of morphology were the end of the fla-
gellum as a loop and a cytoplasmic drop on the flagellum (Table 2). From all 
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abnormal sperm in samples of control animals, these deviations accounted for 
6.07±0.52 and 6.33±0.38% in control, and 8.48±0.45 (p<0.05) and 6.76±0.7% 
(p>0.05) in the experimental group. 

The spermatozoa with an abnormal acrosome (bloated acrosome, lack of 
acrosome) accounted for 45.78±3.52% of all abnormal sperm cells in the rats 
of the experimental group and 24.9±2.13% in control (p<0.05).

Combination of flagellar abnormality in the middle part with a drop on 
the flagellum was found in 0.99±0.17% of all abnormal cells in control and in 
3.99±0.38% in experimental group (p<0.05).

Table 2.
Identified anomalies in the development of gametes                                                                             

(200 cells were counted in each animal)

Indicators, absolute number of cells
Group Difference 

between 
groups,%

Control 
(n=10)

Experimental 
(n=10)

The end of the flagellum in the form of a loop 12,1±1,37 17,0±1,49 28,4*
The presence of a cytoplasmic drop 
on the flagellum 12,7±1,34 13,5±1,84 6,4

Combination of flagellar anomaly 
in the middle part with a drop on the flagellum 2,0±0,67 8,0±1,25 75,2*

Acrosome abnormality (swollen acrosome, 
missing acrosome) 49,8±2,82 91,6±4,12 45,6*

Swollen head 1,2±0,63 – 100*
Slim head 1,6±0,52 20,2±2,94 92,1*
Big head 3,4±0,70 20,4±2,95 83,3*
Inclined head 3,2±0,92 20,2±1,03 84,2*
Cytoplasmic droplet at the base of the head 13,8±1,32 20,0±1,76 31,0*
Double tail – 1,8±0,79 100*
Wrinkled tail 3,8±0,79 19,6±1,07 80,6*
Short tail 0,6±0,52 20,4±1,26 97,1*
No tail 1,0±0,82 17,0±4,19 94,1*
Total number of detected anomalies 105,2±5,75 269,7±8,78 58,2*
Total number of abnormal cells 76,6±4,84 130,1±5,92 36,9*
TZI 1,37±0,03 2,07±0,06 33,8

The remaining abnormalities of spermatozoa (swollen head, thin head, large 
head, bowed head, presence of a cytoplasmic drop at the base of the head, dou-
ble tail, tail with fractures, short tail, and no tail) accounted for 0.9 to 10.2% in 
the control group, and 0.5 to 6.9% in the experimental group.
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TZI in control was lower (1.4) compared with that of the experimental 
group (2.07).

Despite the quite contradictory data concerning the parameters of the sperm 
quality [12], [17], [22], the researchers noted that male fertility directly depends 
on the frequency of morphological deviations of spermatozoa [21]. The mecha-
nisms of morphological deviations of gametes formation also affect the sperm 
motility [14]. Our study confirmed the latter results.

We found in animals that the male reproductive system responds to simulat-
ed stressful conditions. Such a reaction may include a decrease in the total sper-
matozoa count in the appendage homogenate in the experimental rats compared 
with the control, and a decrease in the number of actively moving spermatozoa 
and an increase in the number of dead cells. We can assume it to decrease the 
fertilizing ability. In addition, morphological abnormalities detected as a cyto-
plasmic drop on the flagellum and the end of the flagellum as a loop belong to 
the group of abnormalities most common in infertile couples [20].

Abnormal forms of gametes were found also in both groups but more abun-
dantly in the experimental group. 

Similar changes, when exposed to various chronic stressors, were found in 
earlier studies [13].

Conclusion
In male rats exposed to stressors, the number of spermatozoa per volume of 

epididymal suspension was significantly lower compared to that in intact males. 
The increase in the number of some abnormalities in the sperm morpholo-

gy in male rats shows the effect of the simulated stress conditions under study.
A higher TZI was found in rats exposed to stressors accompanied by an 

increase both in the total number of abnormalities detected and in the number 
of abnormal cells.

Undoubtedly, changes in the ejaculate parameters in experimental animals un-
der simulated stress depends on the strength and duration of the stress exposure. 
We have shown that even short-term but combined exposure to stressors leads to 
significant changes in the spermogram, and quantitative and qualitative parame-
ters of the seminal fluid can be a convincing criterion of maladaptation processes 
in the body under the stress. Our preliminary results show the feasibility of fur-
ther studies of the effects of combined stresses on male reproductive function.
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