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Annotation. Male infertility is an urgent problem of veterinary reproductive medicine. 
According to the latest scientific trends, oxidative stress is the main pathogenetic mechanism of 
its occurrence. It is known that such common pathological conditions as heat stress and diabetes 
can lead to disturbances in the functional activity and histoarchitectonics of male gonads. To 
correct the changes accompanying these conditions, many compounds with antioxidant properties, 
including nanostructured ones, have been proposed. Therefore, the goal of our research was to 
substantiate the effect of antioxidant preparations based on nanobiomaterials on the histostructure 
of the male gonads of domestic animals under the influence of heat stress or the influence of 
diabetes. Males of two species of animals were chosen for the study: rabbits of the Hyplus breed 
(n=12) and boars breed line big white × yorkshire (n=10). Animals were randomly divided into 
two groups: control and experimental. Diabetes was reproduced in rabbits using a commonly used 
alloxan model, controlling hyperglycaemia biochemically. Boars were kept at elevated 
environmental temperatures in the summer, showing infertility due to deterioration in the quality 
of ejaculates. For the correction of antioxidant protection, a research group of boars was given a 
combined administration of vitamin A and nanoparticles of gadolinium orthovanadate, and for this 
purpose α-lipoic acid and N-acetylcysteine were given to rabbits. When examining histological 
sections of the testes of control group animals, typical changes were revealed: most of the tubules 
were empty. In some animals, spermatogenesis was stopped at the stage of formation of 
spermatids, which prevented the formation of morphologically complete spermatozoa and, as a 
result, their complete absence in the lumen of the tubules. The epithelium of tubules was 
characterized by dystrophic changes. The diameter of the seminiferous tubules was much smaller. 
Also, the number and size of interstitial endocrinocytes and their nuclei were reduced; 
polymorphism, a decrease in the oxyphilic properties of the cytoplasm and vacuolation phenomena 
were observed. During antioxidant correction, restoration of the structure of the testes under heat 
stress was noted in boars: the diameter of convoluted seminiferous tubules increased by 31.3% 
(p˂0.05), the presence of mature spermatozoa in the tubules, an increase in the number of 
interstitial endocrinocytes and their nuclei was noted. The introduction of α-lipoic acid and N-
acetylcysteine contributed to the normalization of the morphology of the rabbit’s gonads with 
alloxan-induced diabetes mellitus, a decrease in interstitial oedema and the presence of signs of 
preservation of spermatogenesis were observed, some convoluted tubules were restored, which in 
general led to an increase in their diameter by 37.3 % (p˂0.05). 

Key words: testes, antioxidant, vitamin A, α-lipoic acid, nanoparticles, interstitial 
endocrinocytes, morphology. 
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Анотація. Неплідність самців є актуальною проблемою ветеринарної 
репродуктології, а відповідно останнім науковим дослідженням доведено, що провідним 
патогенетичним механізмом у її виникненні є оксидативний стрес. Відомо, що такі 
поширені патологічні стани, як тепловий стрес і цукровий діабет здатні призводити до 
порушень функціональної активності та гістоархітектоніки статевих залоз самців. Для 
корекції змін, якими супроводжуються дані стани, запропоновано велику кількість сполук 
з антиоксидантними властивостями, в тому числі, і наноструктурованих. Отже, метою 
наших досліджень було обґрунтувати вплив антиоксидантних препаратів на основі 
нанобіоматеріалів на гістоструктурні параметри статевих залоз самців свійських тварин за 
дії теплового стресу або впливу цукрового діабету. Для цього було самців двох видів – 
кролів породи Хіплюс (n=12) і кнурів породної лінії велика біла × йоркшир (n=10), що були 
випадковим чином розділені на дві групи – контрольну і дослідну. Кролям відтворювали 
цукровий діабет, використовуючи алоксанову модель, контролюючи гіперглікемію 
біохімічно. Кнурів утримували за підвищених температур навколишнього середовища в 
літній період, виявляючи неплідність за погіршенням якості еякулятів. Дослідній групі 
кнурів для корекції антиоксидантного захисту застосовували комбіноване введення 
вітаміну А і наночастинок гадолінію ортованадату, а кролям з цією метою задавали α-
ліпоєву кислоту і N-ацетилцистеїн. При дослідженні гістопрепаратів сім'яників тварин 
контрольних груп були виявлені типові зміни – більшість канальців були спустошеними, у 
деяких із них процеси сперматогенезу були зупинені на стадії утворення сперматид, що 
унеможливлювало утворення морфологічно повноцінних сперміїв і, як наслідок, повну 
відсутність їх у просвіті цих канальців. Епітелій цих канальців характеризувався 
дистрофічними змінами. Діаметр таких сім'яних канальців був значно меншим. Також, 
зменшеними були кількість і розміри клітин Лейдіга та їх ядер – вони відрізнялися 
поліморфізмом, зниженими оксифільними властивостями цитоплазми і явищами 
вакуолізації. За антиоксидантної корекції у кнурів відзначали відновлення структури 
сім’яників за теплового стресу: діаметр звивистих сім'яних канальців збільшувався на 31,3 
% (p˂0,05), в канальцях відмічали наявність зрілих сперміїв, збільшення кількості клітин 
Лейдіга та їх ядер порівняно з контрольною групою. Введення α-ліпоєвої кислоти та N-
ацетилцистеїну сприяло нормалізації морфології статевих залоз кролів за алоксан-
індукованого цукрового діабету, а саме зменшення набряку інтерстицію, наявність у 
більшості канальців ознак збереження сперматогенезу, при чому деякі канальці вже були 
відновленими, що в цілому привело до зростання їх діаметру на 37,3 % (p˂0,05). 

Ключові слова: сім’яники, антиоксиданти, вітамін А, α-ліпоєва кислота, 
наночастинки, інтерстиціальні ендокриноцити, морфологія. 

 
Introduction. Relevance of theme. Heat stress and diabetes are pathological conditions 

accompanied by the development of oxidative stress and are of leading importance in the 
occurrence of infertility in both animals and humans (Aitken & Baker, 2006; Agarwal et al., 2017; 
Peña et al., 2021). Such stressful conditions can cause changes in the dynamics of testicular 
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microvascular blood flow, endocrine signalling, germ cell apoptosis, etc (Usala et al., 2021; Xia 
et al., 2022; Roths et al., 2023). Oxidative stress arising from sustained exposure to high 
environmental temperatures and prolonged hyperglycaemia appears to be a common feature in 
most processes underlying male infertility (Koppers et al., 2011; Koshevoy & Naumenko, 2022). 
This certainly indicates that there may be benefit from the development of antioxidant therapy for 
relevant cases of spermatogenesis and ejaculate quality disorders due to heat stress and diabetes 
(Turner & Lysiak, 2008; Koshevoy et al., 2022; Zhang et al., 2022). 

Under oxidative stress, which develops intensively during heat stress and diabetes, an 
increased level of active forms of oxygen (AFO, ROS - reactive oxygen species) attacks cellular 
macromolecules, which leads to DNA damage, lipid and protein peroxidation, mitochondrial 
dysfunction, and disruption of structural sperm integrity (Paoli et al., 2011; Li et al., 2014a; 
Dehdari Ebrahimi et al., 2023). The damage is aggravated by a change in the apoptotic index, 
vacuolization of cells and a decrease in the ability to proliferate, with a subsequent decrease in the 
viability and number of sperm (de Lamirande & Gagnon, 1992; Othman et al., 2016; Singh & 
Singh, 2019). It is important to note that among different cell types, sperm are highly vulnerable 
to oxidation due to the high amount of unsaturated fatty acids in the membrane, the lack of proper 
DNA repair mechanisms, and the absence of cytoplasmic antioxidant enzymes, which leads to 
concomitant negative consequences for sperm quality (Venkatesh et al., 2011; Agarwal et al., 
2017; Koshevoy et al., 2021b). 

Morphological changes in the testes as a consequence of the hyperglycaemic effect of 
diabetes mellitus (DM) have been documented (Shrilatha & Muralidhara 2007; Corrêa et al., 2019; 
Sozen et al., 2022). The diabetes affects spermatogenesis changing the morphology of male gonads 
(Agbaje et al., 2007; Gumieniczek & Wilk, 2009). Reduction of seminiferous and epididymal 
tubules, changes in sperm parameters, decrease in the index of sustentacular cells, as well as 
damage to the morphology of the epithelium with depletion and apoptosis of germ cells are 
associated with impaired spermatogenesis under the influence of oxidative stress (Maremanda et 
al., 2016). Damage to the vimentin filaments of sustentacular cells causes germ cells dissociation, 
leading to apoptosis, which may lead to changes in sperm under the effect of DM (Alves et al., 
2013; Xu et al., 2014; Zhang et al., 2024b). Thus, an urgent problem is the development of 
antioxidant drugs for the correction of histopathological changes and sperm quality in males under 
the effects of heat stress or diabetes. 

Analysis of recent research and publications. Supplements with antioxidants are of 
fundamental importance in preventing damage due to oxidative stress, which causes a decrease in 
reproductive capacity and structural and functional changes in the gonads (Mohasseb et al., 2011; 
Aguirre-Arias et al., 2017; Corrêa et al., 2019). Modern research substantiates the possibility of 
using many compounds as means of antioxidant therapy, among them α-lipoic acid, melatonin, 
silymarin, Manganese, Selenium, extracts of Chlorella vulgaris and Nigella Sativa, pomegranate 
juice, the drug Proksid Plus and a complex drug based on Chinese herbs. Although they exhibit 
pronounced redox activity, the mechanisms of their influence in different forms and causes of 
infertility (heat stress, diabetes, toxic factors, etc.) are not the same, but have common features 
(El-Sayed et al., 2021; Lee et al., 2021; Bejaoui et al., 2023). 

The antioxidant effect of α-lipoic acid (αLC) during the development of diabetes occurs by 
lowering the level of glycemia (Gorąca et al., 2011). A decrease in the content of OS markers was 
noted with an increase in the activity of superoxide dismutase and glutathione peroxidase with the 
introduction of αLC associated with vitamin C and vitamin E, which led to an improvement in the 
morphology of the testes. αLC is known for its potential to regenerate other antioxidants, such as 
vitamin C and vitamin E, and has been proposed in therapeutic regimens to reduce oxidative stress 
in DM (González-Pérez et al., 2008; Abdali et al., 2015). 

The activity of antioxidant enzymes in the homogenate of testes under the influence of 
melatonin was significantly higher than in the methotrexate group. In contrast, levels of oxidative 
stress biomarkers and inflammatory factors were markedly reduced after melatonin treatment. In 
addition, in the melatonin group, pathological lesions and apoptosis of testicular cells were 
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alleviated. Thus, the efficacy of melatonin administration against methotrexate-induced gonadal 
damage in rats has been shown (Wang et al., 2018). 

On the other hand, experimental studies have shown that silymarin can compensate for the 
adverse effects of cadmium chloride on gonadal histopathology, testosterone levels, oxidative 
stress indicators, and antioxidant defence enzymes in mice (Faraji et al., 2019). Similar changes 
occur under the influence of formaldehyde; the mass of gonads, the number of sperm, their 
mobility, viability, and morphology in mice decreases. In addition, it was found that seminiferous 
tubules were atrophied, and sustentacular cells were damaged. It was possible to improve these 
changes with the introduction of Manganese supplements into the diet, which can protect sperm 
in the epididymis and the structure of testes damaged by formaldehyde (Tajaddini et al., 2014). 

Another mechanism for improving reproductive performance is the combined effect of 
antioxidants on biochemical parameters and the spermatogonial stem cell (SSC) population. Thus, 
it was shown that the concentration of selenium in the blood and spermatozoa of animals 
progressively increased with an increase in its level in the diet. The highest activity of glutathione 
peroxidase and the lowest content of malondialdehyde were obtained with the addition of 0.5 
mg/kg. At the same time, the analysis showed that the mRNA expression of SSC markers was 
significantly lower in the control group and the 1.0 mg/kg group compared to that with the addition 
of 0.5 mg/kg. A similar trend was observed in the population of SCC analysed by the method of 
immunofluorescence analysis. These data suggest that dietary Selenium can affect the SSC 
population in the gonads of roosters during spermatogenesis and improve oxidative status (Shi et 
al., 2014). 

The toxic effect of carbon tetrachloride leads to a decrease in antioxidant enzymes and the 
number and viability, normal morphology, and motility of sperm, and also significantly increases 
markers of oxidative stress in rats. Addition of Chlorella vulgaris extract to the diets of rats 
exposed to carbon tetrachloride causes a significant decrease in markers of oxidative stress and 
improves antioxidant status in the gonads. There is also an increase in the number of spermatozoa 
with rectilinear-progressive movement, normal morphology, and viability. Overall, it has been 
shown that Chlorella vulgaris extract can play a crucial role in attenuating carbon tetrachloride-
induced oxidative stress by protecting sperm membrane and DNA from oxidative damage (Ranjbar 
et al., 2022). 

The influence of monosodium glutamate causes changes in the histomorphometry of testes, 
in particular pronounced atrophy of seminiferous tubules with degeneration of their lining cells, 
damage to interstitial endocrinocytes and a decrease in the number of germ cells. Whereas dietary 
administration of Nigella Sativa extract mitigates MSG-induced testicular damage due to its 
antioxidant and cytoprotective activity (Abd-Elkareem et al., 2021). 

For the administration of lead, it was proven that the highest rate of lead loading was in the 
kidneys and testicles, in which morphological damage was detected. Pomegranate juice helped 
reduce the level of lead in the body of rats, increase the amount of Zinc in gonadal tissues, and 
limited oxidative stress by reducing lipid peroxidation, improved the activity of antioxidant 
enzymes, and the level of glutathione (Aksu et al., 2017). 

Several dosage forms of drugs for the treatment of infertility and improvement of sexual 
function have been developed: a complex drug based on Chinese herbs and Proxid Plus (El-Kholy 
et al., 2021). It was found that the Proxid Plus alleviates histological changes in rats, increases the 
activity of spermatogenesis, the diameter of the seminiferous tubules, the number of active 
interstitial endocrinocytes, and reduces the expression of inducible nitric oxide synthase 
(Sangodele et al., 2021). A patented complex preparation based on Chinese herbs preserves 
testicular morphology and spermatogenesis (Li et al., 2021). Therefore, a wide range of antioxidant 
agents can have a positive effect on the damaged morphology of the testicles and contribute to the 
restoration of spermatogenesis and the protection of sperm from oxidative stress. 

The purpose of work is to experimentally substantiate the effect of antioxidant preparations 
based on nanobiomaterials on the histostructure of the male gonads of domestic animals under the 
influence of heat stress or diabetes. 
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Objectives of study: 
1. To determine the histopathological changes in the boar’s testes under the effects of heat 

stress and after correction with a combination of vitamin A and nanoparticles of gadolinium 
orthovanadate. 

2. To conduct a study of the histomorphology of the rabbit’s gonads with alloxan-induced 
diabetes and the administration of antioxidant agents: N-acetylcysteine and α-lipoic acid. 

Material and methods. The research was carried out in the laboratories of the Faculty of 
Veterinary Medicine of the State Biotechnological University. The males of two animal species 
were used: rabbits of the Hyplus breed (n=12) and boars (n=10). The animals were randomly 
divided into two groups: control and experimental. Males of the control groups were kept on a 
standard diet, had free access to water and food. The experiment was carried out in two directions: 
the study of the histomorphology of the rabbit’s gonads under alloxan-induced diabetes and the 
histological assessment of the boar’s testes under the effects of heat stress.  

In organizing and conducting experiments, the authors of the article followed the 
provisions of the “European Convention on the Protection of Vertebrate Animals Used for 
Experimental and Scientific Purposes” (Strasbourg, 1986), the 1st National Congress on Bioethics 
(Kyiv, 2001) and the Law of Ukraine “On the Protection of Animals from ill-treatment” (2006). 

The boar’s testes were selected by castration at the end of the experiment. To simulate the 
heat stress of boars, the study was conducted from May to September with an average ambient 
temperature of 30-32 ºС (Mayorga et al., 2018; Sui et al., 2022). The negative impact of a moderate 
increase in temperature was assessed by indicators of ejaculate quality as recommended (Fan et 
al., 2017). Correction of antioxidant protection in boars of the research group was carried out by 
the combined introduction of vitamin A and nanoparticles of gadolinium orthovanadate into the 
diet in recommended doses (Koshevoy et al., 2021a; Naumenko et al., 2021). 

Diabetes mellitus was modulated in rabbits by four intraperitoneal injections of alloxan at 
a dose of 80 mg/kg body weight at weekly intervals after a 12-hour fasting diet (according to the 
method of Mir & Darzi, 2009). The development of diabetes was confirmed on the 7th day by 
determining the level of fasting glucose in blood taken from the cranial ear vein. Animals of the 
control group received an injection of distilled water according to a similar protocol. 7 weeks after 
the start of the experiment, the animals were given antioxidants – α-lipoic acid and N-
acetylcysteine. At the end of the experiment, all animals were euthanized, and the organs were 
selected for histological examination. 

After dissection and macroscopic examination, the testes were fixed in a 10% aqueous 
solution of neutral formalin. Histological sections were made according to the generally accepted 
technique with embedding in paraffin and subsequent staining with haematoxylin and eosin 
(Horalsky, 2015). 

All data were processed statistically by Microsoft EXCEL software. The obtained data 
from the rabbits of all groups were analysed using one-way analysis of variance (ANOVA). The 
significant changes among indexes at probability were examined by Duncan’s Multiple Range 
Test. The records in the tables were presented as mean ± standard error means (SEM). The 
differences between groups were considered statistically significant at P < 0.05. 

Results and discussion. The effect of nanobiomaterial-based drugs on the structure of the 
tissues of the male’s gonads was evaluated in comparison with the control group. According to the 
histological structure, the testes of mature males are characterized by the presence in the 
spermatogenic epithelium of cells at different stages of spermatogenesis, from spermatogonia to 
spermatozoa, which are freely located in the lumen of convoluted seminiferous tubules. Among 
the cells of the spermatogenic epithelium, the overwhelming majority are spermatocytes of the II 
order and spermatids at various stages of maturation. 

Sustentacular cells closely adhere to the basal membrane of tubules. The tubule wall has a 
three-layered structure. It is represented by a basal membrane, a layer of myoid cells and a fibrous 
sheath. Convoluted seminiferous tubules are surrounded by a network of small capillaries, and 
interstitial endocrinocytes of various sizes are in the parenchyma of testes. 
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During the examination of histological sections of the testes of the animals of the control 
groups, the following changes were found: most of the tubules were empty; the spermatogenesis 
was stopped at the stage of spermatids formation, which made it impossible to form 
morphologically complete sperms and, as a result, their complete absence in the lumen of these 
tubules; interstitial oedema was noted. The epithelium of tubules was characterized by dystrophic 
changes. The diameter of such seminiferous tubules was much smaller. Also, the number and size 
of interstitial endocrinocytes and their nuclei were reduced. They were distinguished by 
polymorphism, reduced oxyphilic properties of the cytoplasm and phenomena of vacuolization. 

Dystrophic changes were determined in boars under the effects of heat stress on 
histological sections (Fig. 1), which led to a decrease in the diameter of the convoluted 
seminiferous tubules (Fig. 2) due to the reduction of myoid cells of its wall, most of the tubules 
had a wavy contour of the wall and detachment of the cells of the spermatogenic epithelium. At 
the same time, preservation of the cambial layer (spermatogonia) was established. 

 

 
Fig. 1. Cross section of the convoluted tubule of boar’s testis (control group), (hematoxylin-
eosin staining, approx. 10×, ob. 40×): 1. Wavy contour and decrease in the diameter of the tubule 
due to the reduction of the myoid cells of its wall. 2. Defoliation of the cells of spermatogenic 
epithelium, but preservation of the cambial layer (spermatogonia) (2*). 
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Fig. 2. Changes in the diameter of convoluted seminiferous tubules in male gonads 

after antioxidant correction. 
 
Quantitative assessment of spermatogenesis corresponded to the microscopic picture of the 

histological sections of the testes of fertile animals and indicated a partial loss of tubules of 
spermatogenic function. Dystrophy of convoluted seminiferous tubules and destruction of 
spermatogenic cells at various stages of development, with filling of the lumen of the tubules with 
a granular mass with spermatogonia, spermatocytes, and spermatids, were found in various parts 
of the testis parenchyma. In separate sections of convoluted seminiferous tubules, deformed sperm 
of various stages of development, shadows of sperm, desquamated basement membrane and 
spermatogenic epithelium were found. 

After therapy with the developed drug, the restoration of the structural organization of the 
male’s testes was observed. Most of the tubules contained signs of preservation of 
spermatogenesis, and some tubules were almost restored. A decrease in interstitial oedema was 
noted. The presence of mature spermatozoa was noted in the tubules, which indicates the 
completion of the stages of spermatogenesis. The diameter of convoluted seminiferous tubules, 
the number and size of interstitial endocrinocytes and their nuclei reliable increased in comparison 
with indicators of animals of the control group. 

The combined use of vitamin A with nanoparticles of gadolinium orthovanadate 
contributed to the restoration of the structure of the boar’s testes under heat stress. A reliable 
increase in the diameter of convoluted seminiferous tubules by 31.3% (p˂0.05) was established. 
Under the drug influence, an increase in the number of interstitial endocrinocytes was detected. 
There was an increase the area of interstitial endocrinocytes and their nuclei, that increased the 
nuclear-cytoplasmic ratio. The histostructure of boar’s testes under heat stress after the 
administration of corrective agents is shown in Fig. 3. The obtained data are consistent with the 
experimental model of infertility in mice against the background of heat stress (Li et al., 2014b) 
and similar experiments on breeding boars in vitro or in vivo conditions (Martín-Hidalgo et al., 
2020; Deng et al., 2022; Liu et al., 2022; Zhang et al., 2024a). 
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Fig. 3. The histostructure of the boar testis after drug administration (approx. ×10, vol. ×20, 
hematoxylin-eosin staining): 1. Wall of the convoluted tubule of testis. 2. Spermatogenic 
epithelium, restoration of all populations of germinal epithelium and its structural and functional 
contacts with sustentocytes (Sertoli cells). 

 
It should be noted that the structure of the rabbit’s testes with DM corresponded to the 

typical changes identified in boars: a decrease in the diameter of convoluted seminiferous tubules, 
the number of interstitial endocrinocytes and the development of dystrophic processes (Fig. 4). On 
the contrary, under the influence of α-lipoic acid and N-acetylcysteine, the structure of the gonads 
was restored; a reliable increase in the diameter of convoluted seminiferous tubules by 37.3% 
(p˂0.05) was established.  

Fig. 5 shows the recovery of the germinal epithelium of the rabbit’s testes with diabetes 
after antioxidant correction. 

 

 
Fig. 4. Cross section of the convoluted tubule of the rabbit’ testis (control group) 
(hematoxylin-eosin staining, approx. 10×, ob. 40×): 1. Wall of the convoluted tubule of testis; 2. 
Spermatogenic epithelium, absence of mature sperm on the luminal side of the tubule and 
detachment of spermatids and spermatocytes into the lumen of tubule (2*). 
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Fig. 5. Cross section of the convoluted tubule of rabbit’s testis (experimental group) 
(hematoxylin-eosin staining, approx. 10×, ob. 40×): 1. Wall of the convoluted tubule of testis; 2. 
Spermatogenic epithelium, restoration of all populations of germinal epithelium and its structural 
and functional contacts with sustentocytes (Sertoli cells); 3. Interstitial endocrinocytes (Leydig 
cells). 
 

Fig. 5 shows the increase in the number of interstitial endocrinocytes of the testes of rabbits 
of the experimental group. At the same time there was a simultaneous increase the area of 
interstitial endocrinocytes and their nuclei, that contributed to an increase in the nuclear-
cytoplasmic ratio. The obtained results are consistent with the data of other authors, gonad disorder 
due to DM was characterized by changes in the morphology of the seminiferous epithelium, an 
increase in the amount of apoptosis in germ cells and interruption of spermatogenesis (Soudamani 
et al., 2005; Caiaffo et al., 2017; Ismail et al., 2023). Antioxidant correction reduced degeneration 
and disruption of seminiferous tubule structure and attenuated gonadal damage (Roy et al., 2015; 
El-Shobokshy et al., 2023). Taking into account the obtained changes, we consider it necessary to 
further clarify the effectiveness of antioxidant agents of organic nature and nanotechnological 
origin on the sexual function of males (Machado et al., 2021; El-Ratel et al., 2023; Naumenko et 
al., 2023). 

 
Conclusions. 

The conducted studies determined the presence of typical changes in the histomorphology 
of male testes under pathological conditions accompanied by the development of oxidative stress 
and experimentally substantiated the effectiveness of antioxidant correction means: 

1. Under the effects of heat stress in the boar’s testes or in the rabbit’s gonads with alloxan-
induced diabetes, typical morphological signs of disorders of the germinal-endocrine function 
were established: dystrophic changes in the interstitium, a decrease in the diameter of convoluted 
seminiferous tubules due to the reduction of myoid cells in their wall and detachment of cells of 
the spermatogenic epithelium. 

2. With the combined use of vitamin A and nanoparticles of gadolinium orthovanadate, the 
restoration of the testes structure of boars under heat stress was noted: the diameter of the 
convoluted seminiferous tubules increased by 31.3% (p˂0.05), the presence of mature 
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spermatozoa in the tubules was noted, an increase the number of interstitial endocrynocytes and 
their nuclei compared to the control group. 

3. The introduction of α-lipoic acid and N-acetylcysteine contributed to the normalization 
of the morphology of the rabbit’s gonads in alloxan-induced diabetes, namely, the reduction of 
interstitial oedema, signs of preservation of spermatogenesis in most tubules (some tubules were 
restored), increase of the tubules’ diameter by 37.3% (p˂0.05). 

Prospects for further research. The authors of the article consider the following areas of 
work as priorities, considering the obtained results – a complex biochemical justification of the 
remodelling of the structure of the testicles under pathological conditions using preparations based 
on nanobiomaterials and immunohistochemical analysis of the changes they cause. 
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