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MORPHOLOGICAL FEATURES
OF SPERMATOZOA FROM MALE WHITE RATS
UNDER EXPERIMENTAL STRESS

L. 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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MOP®OJIOI'MYECKHUE OCOBEHHOCTH
CIIEPMATO30M 0B CAMIIOB BEJIBIX KPbBIC
B YCJIIOBUSAX SKCIIEPUMEHTAJIBHOI'O CTPECCA

HU.IO. Apecmoea, E.I. Illaponosa, M.IO. Kynpusanoea

IIpeocmasgnensl pe3ynbmanvt UCC1e008aAHUS BIUAHUS CIMPECCO2EHHBIX haKmo-
Po8 Ha Moponocuueckie napamempsl CnepmMamo30udos.

Lenwv. Hzyuenue ocobennocmeri Moppo-@u3suonouu cnepmamosoudos camyos
Oenvix KpbiC 8 YCI08UAX IKCHEPUMEHMANLHO20 Cmpeccd.
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Mamepuanst u memoowt. [Iposeder IKCRepUMeHm ¢ UCROTb308AHUEM NOT0B03De-
JblX 6eCnOPOOHbIX DENbIX KPbic. DKCNEPUMEHMALbHAS 2PYNNA HCUBONHBIX N008ep-
2a1acb KOMOUHUPOBAHHOMY CIPECCy: MpPoe CYMOK — 207100, HO UCHEYEHUU MPEembUx
CYMOK — SMOYUOHATIbHBLEL CIPECC, 8 COOMBEMCMEUL C MEMOOUKOT «C80O00HOE Nild-
sanue 6 kiemkey. [100cuumvléaiIu KOIUYECmeo CnepMamo30ud08 6 eouHuye odvema
INUOUOUMATILHOU 636€CU, NPOBOOULACH OYEHKA AKMUBHOCHIU NOO MUKPOCKONOM,
uzyuaiace Mopgonozust.

Pesynomameot. Vccredosanue 3nuouOUMAanbHOl 836eCU CAMyos, NEPeHecuiux
207100 U «IMOYUOHANbHBILY CMPeCc, NOKA3AL0 CHUJICEHUe 00uje2o Yucia cnep-
MaAmo30u008 u nokazamenei NOOGUNCHOCMU CNEPMAMO30UO08 Y NOOONbIMHbIX
KPbIC NO CPABHEHUIO C KOHMPOLbHbIMU HCUBOMHBIMU, A MAKIICE YEEIUYEHUE ) HUX
namonocudecKux gopm eamem.

3axawuenue. Yemanosieno, umo 0axice HE3HAYUMENbHOE NO 8PEMEHU, HO
KOMOUHUPOBAHHOE B030€UCMBUE CIMPECCOSEHHBIX (PAKMOPO8 NPUSOOUM K CYUje-
CMBEHHbIM USMEHEHUSAM CRePMOSDAMMDbL, A KOIUYECIBEHHbIE U KAYeCmMBeHHble Na-
pamempul CeMeHHOU HCUOKOCIU MOZYM CIYHCUMb YOCOUMENbHbIM Kpumepuem oe-
3a0anMayuOHHBIX NPOYECCO8, NPOUCXOOAUUX 8 OP2AHUIME NOO BIUSHUEM CIPECcd.

Knrouegvie cnosa: cmpecc,; cnepmamozenes; cnepmozpamma,; Mop@onocus
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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°C).

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 M+s (M, 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*109, which is
35.25% more than in the stressed males (p<0.05) (Table 1).

Table 1.
Indicators of epididymal suspension
Group Difference
Indicators Control Experimental | between

(n=10) (n=10) groups,%
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, min/ml | 4,53+0,52  |2,734+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%10°, while
in the intact group it was 8.44+0.33*10° (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)
Group Difference
Indicators, absolute number of cells Control | Experimental | between

(n=10) (n=10) groups,%
The end of the flagellum in the form of aloop | 12,1+1,37 | 17,0+1,49 28,4%*
The presence of a cytoplasmic drop

on the flagellum

Combination of flagellar anomaly

in the middle part with a drop on the flagellum

12,7+1,34 | 13,5+1,84 6,4

2,0+0,67 8,0<£1,25 75,2%

Acrosome abnormality (swollen acrosome,

- 49,842,82 | 91,6+4,12 45,6*
missing acrosome)

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 3,240,92 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 | 130,14+5,92 36,9%
TZ1 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.

Conflict of interest information. The authors declare that they have no
conflicts of interest.
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