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Abstract. 

Introduction. Nematodes of the genus Trichinella are the causative agents of trichinellosis, which affects humans and 

animals and causes significant economic damage to agricultural and food industries, especially with regard to food safety. 

Currently, the genus Trichinella includes 10 species and 3 genotypes, which are divided into 2 clades: encapsulated and 

non-encapsulated. In the wildlife, a wide range of animals participate as carriers in circulation of Trichinella, and badgers 

are one of the main natural reservoirs for this disease. The article provides the information on detection of the first case 

of Trichinella larvae in a badger in the Rostov region. 

Materials and Methods. The object of the study was a carcass of a badger hunted in the Sholokhov district of the Rostov 

region in August 2024. Detection with further study of larvae and capsules in the samples was carried out by the method 

of compressor trichinelloscopy. Afterwards, histological sections were made from the individual muscles, which were 

stained with hematoxylin and eosin according to the standard technique. 

Results. Capsules of Trichinella were found in all the examined muscles of an animal. The largest number of them was 

found in the diaphragm and its crura. The larvae found belonged to the encapsulated ones and were located in capsules in 

groups or one at a time. Histological sections showed thick collagen shells of the capsules surrounded from the outside 

by thin membranes of connective tissue. The results of capsule morphometry showed that their size didn't differ depending 

on their location in the badger’s body; the shape of the capsules in all muscles was almost round.  

Discussion and Conclusion. The capsule shape indices calculated based on the morphometric results are closer to the 

corresponding indices of T. nativa than T. spiralis, however, this does not allow us to make  fully accurate conclusions 

about the species membership of Trichinella, since the molecular genetic studies or the use of Western blot are required 

for precise diagnostics. Thus, the study of Trichinella species distribution and composition remains an extremely relevant 

objective that requires further research both in our region and worldwide. 

Keywords: Trichinella, Meles meles, trichinellosis, morphometry, larvae, capsules 
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Оригинальное эмпирическое исследование 

Трихинеллез у барсука в Ростовской области (юг России)  

А.П. Евсюков1 🖂, И.О. Потапенко1 , А.П. Зеленков1,2 , Г.А. Зеленкова1,2  
1 Донской государственный технический университет, г. Ростов-на-Дону, Российская Федерация 
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Аннотация 

Введение. Нематоды рода Trichinella — возбудители трихинеллеза, поражающего людей и животных и нанося-

щего значительный экономический ущерб сельскому хозяйству и пищевой промышленности, особенно в сфере 

безопасности продуктов питания. В настоящее время род Trichinella включает 10 видов и 3 генотипа, которые 

разделяются на 2 клады: капсулообразующие и бескапсульные. Циркуляция трихинелл в дикой природе проис-

ходит при участии обширного круга животных-трихинеллоносителей, и барсук является одним из основных при-

родных резервуаров заболевания. В статье приводятся сведения о первом случае обнаружения личинок трихи-

нелл у барсука в Ростовской области. 

Материалы и методы. Объектом исследования послужила туша барсука, добытая охотниками в Шолоховском 

районе Ростовской области в августе 2024 г. Выявление и изучение личинок и капсул в образцах проводили ме-

тодом компрессорной трихинеллоскопии. В дальнейшем из отдельных мышц были изготовлены гистологические 

срезы, которые окрашивались гематоксилином и эозином по стандартной методике. 

Результаты исследования. Капсулы трихинелл были обнаружены во всех исследованных мышцах животного. 

Наибольшее их количество найдено в диафрагме и ее ножках. Обнаруженные личинки относились к инкапсули-

рующим и располагались в капсулах группами или по одной. На гистологических срезах капсулы имели толстые 

коллагеновые стенки, окруженные снаружи тонкими соединительнотканными оболочками. Результаты морфо-

метрии капсул показали, что они не отличаются по размерам в зависимости от локализации в теле барсука, форма 

капсул во всех мышцах была почти круглой. 

Обсуждение и заключение. Индексы формы капсул, рассчитанные по результатам морфометрии, более близки 

к соответствующим показателям T. nativa, чем T. spiralis, однако это не позволяет делать точные выводы относи-

тельно видовой принадлежности трихинелл, поскольку для точной диагностики необходимы молекулярно-гене-

тические исследования или использование вестерн-блота. Таким образом, изучение распространения и видового 

состава трихинелл по-прежнему остается крайне актуальной задачей, требующей дальнейших исследований как 

в нашем регионе, так и по всему миру. 

Ключевые слова: Trichinella, Meles meles, трихинеллез, морфометрия, личинки, капсулы 
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в Ростовской области (юг России). Ветеринарная патология. 2025;24(3):7–13. https://doi.org/10.23947/2949-4826-

2025-24-3-7-13 

Introduction. Nematodes of the genus Trichinella of the 

family Trichinellidae, are the causative agents of trichinello-

sis, the intestinal and tissue type of helminthiasis deemed to 

be one of the most serious and widespread zoonotic infec-

tions threatening human health [1]. In humans, this disease 

has been reported in 55 countries worldwide [2]. Apart from 

its negative impact on public health, trichinellosis causes 

significant economic damage to agricultural and food indus-

tries, particularly with regard to food safety. 

Trichinella have a simple yet unique life cycle. The en-

teric phase begins with the consumption of meat containing 

tissue parasite capsules. Larvae are released from the cap-

sules due to gastric acid activity and, within a few hours, 

migrate to the small intestine, where they penetrate into the 
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columnar epithelium. There, they undergo four molts to 

mature and begin mating 30 hours after infestation. On the 

fourth day, newborn larvae migrate through the blood-vas-

cular system to the striated muscles and penetrate into mus-

cle cells. Here, encapsulated species form collagen cap-

sules and develop into an invasive form after 15–

20 days [3]. Larvae of non-encapsulated species are likely 

to migrate between muscle layers [4]. Thus, a characteristic 

feature of the Trichinella life cycle can be identified: any 

animal they parasitize in becomes for them both a defini-

tive and intermediate host. 

At present, the genus Trichinella includes 10 species 

and 3 genotypes having no taxonomic status. All known 

species and genotypes are clearly divided into 2 clades. 

One clade includes Trichinella that encapsulate in the mus-

cle tissue of a host and are capable of infecting mammals. 

It includes T. spiralis, T. nativa, T. britovi, T. murrelli, 

T. nelsoni, T. patagoniensis, T. chanchalensis and geno-

types designated as T6, T8 and T9. The second clade in-

cludes three species of Trichinella that do not encapsulate: 

among them, one species infests mammals and birds 

(T. pseudospiralis); and two species parasitize in mammals 

and reptiles (T. papuae and T. zimbabwensis) [3, 5]. All of 

the above-mentioned species and genotypes of Trichinella 

pose danger to both animals and humans. Primarily one 

species was previously reported in the Rostov Region: 

T. spiralis [e.g., 6]. In the Krasnodar region, cases of find-

ing the non-encapsulated species T. pseudospiralis in pigs 

have been recorded [7]. 

In the wildlife, a wide range of animals participate as 

carriers in circulation of Trichinella, which includes ap-

proximately 100 diverse species of carnivorous and om-

nivorous animals [8]. A badger (Meles meles) is one of 

the main natural reservoirs of trichinellosis [9]. In the 

Rostov Region, as well as in the whole country, badgers 

are often the main prey for hunters. According to data 

published on the website of the Ministry of Natural Re-

sources and Environment in July 2024
1
, the population of 

badgers in the Rostov Region equals to 2 556 specimens, 

and the authorised quota for hunting is 3.91% of the pop-

ulation. Although this is quite a high level, poaching is 

still taking place. As a result, the uninspected meat can be 

consumed by humans or animals, which can lead to their 

infectation with trichinellosis. 

In the article, we report the first case of detecting 

Trichinella larvae in a badger in the Rostov Region.  

Materials and Methods. The object of the study was a 

carcass of a badger hunted on the territory of the Veshen-

sky Production and Experimental Hunting Area (Sholo-

khov District, northern part of Rostov Region) in August 

2024. Various muscle groups were sampled, including the 

crura of the diaphragm, diaphragm, intercostal muscles, 

neck muscles, and thigh muscles. Larvae and capsules in 

these samples were isolated and examined using compres-

sor trichinoscopy. Histological sections were then prepared 

from seperate muscles and stained with hematoxylin and 

eosin according to the standard techniques. Capsules in na-

tive samples were measured and photographed using a Le-

venhuk MED D45 microscope (Levenhuk Inc., China) and 

LevenhukLite software. The capsule shape index (V) was 

calculated as the ratio of the capsule length (L) to its diam-

eter (D). This index is used to evaluate the shape of round 

objects, including Trichinella capsules [10, 11].  

Results. Trichinella capsules were found in all the ex-

amined muscles of an animal. The largest number was 

found in the diaphragm and its crura. It has been acknowl-

edged in the previous studies that the most heavily infested 

muscles in badgers are the head muscles, particularly the 

mylohyoid muscle [12]. However, these muscles were not 

within the scope of the present research.  

The larvae discovered belong to the encapsulated ones. 

They were located in capsules in groups or one at a time 

(Fig. 1 a–b). Histological sections revealed that the cap-

sules had thick shells covered by thin connective tissue 

membranes formed by the organism of a host (Fig. 1 c–d). 

Based on the capsule morphometric data obtained (Ta-

ble 1), it is possible to state that capsule location in the 

badger’s body does not affect its size to any significant ex-

tent. The shape of capsules in all the muscles was nearly 

round (V≈0.79). 

 

                                                                        
1 Directive of the Governor of the Rostov Region of July 17, 2024 No. 175 “On approval of quota for obtaining hunting resources in the Rostov Region 

for the period from August 1, 2024 to August 1, 2025”. URL: https://минприродыро.рф/upload/uf/5b8/n4ub6dzirqjhmt4tivn963j39r4zpdks/limity.pdf 
(accessed: 05.06.2025 г.). 
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a) b) 

  

c) d) 

Fig. 1. Trichinella capsules with larvae in muscles of a badger: a–b — native preparation; c–d — histological sections stained with 

hematoxylin and eosin. Scale: 0.1 mm  

Table 1 

Morphometric parameters of Trichinella capsules in various muscles of a badger 

 

Muscles 

examined 
Number of capsules 

Capsule diameter 

(D), mm 

Capsule length (L), 

mm 
Shape index (V) 

Crura of the 

diaphragm 
20 0,441±0,010 0,349±0,008 0,797±0,020 

Diaphragm 20 0,438±0,007 0,342±0,020 0,791±0,010 

Intercostal 

muscles 
20 0,440±0,009 0,348±0,010 0,790±0,008 

Neck muscles 20 0,438±0,011 0,349±0,015 0,798±0,012 

Thigh muscles 10 0,437±0,020 0,350±0,011 0,801±0,020 
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Discussion and Сonclusion. The capsule shape indices 

calculated based on the morphometric results correspond 

more to the respective indices of T. nativa ratether than 

T. spiralis [11]. The former species used to be registered in 

the Central Russia, but has not been previously observed in 

the south of the country or in the Caucasus [13]. The –4 °C 

isotherm in January is likely to be a southern boundary for 

this species [4], which makes the possibility of finding this 

species in the Rostov Region very low. However, it is im-

possible to draw precise conclusions regarding the species 

membership of Trichinella detected by us in the badger, 

since the molecular genetic studies [14] or the use of West-

ern blot technique [15] are required for a reliable diagnosis. 

Moreover, it is worth noting that most Trichinella species 

have a sympatric distribution [3]. Thus, in the Rostov re-

gion there could potentially be detected two encapsulated 

species (T. spiralis — reported here before and distributed 

worldwide, and T. britovi —disseminated from the Iberian 

Peninsula to Kazakhstan, Turkiye and Iran [4]), and one 

non-encapsulated species — T. pseudospiralis registered 

in North America, Eurasia and Tasmania [16]. No evident 

dependence of different Trichinella species to host animals 

has been revealed [17], however, different invasion rate by 

different Trichinella species have been recorded during ex-

perimental infestation [18]. All the above makes species 

identification of Trichinella extremely difficult. 

Thus, studying the distribution and species composition 

of Trichinella remains a highly relevant objective, requir-

ing further research both in south of Russia and worldwide. 

Badger meat must undergo mandatory trichinoscopy to 

prevent potential infestations in humans. Unused carcasses 

and their remains must be disposed of to exclude infesta-

tion of domestic and wild animals. 
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Anatomical and Morphological Characteristics of Burmese Python (Python 

Molurus Bivittatus) Raised in Captivity and Pathological Changes in It 
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1Primorsky State Agrarian-Technological University, Ussuriysk, Russian Federation 
2 Veterinary Clinic “Khimera”, Ussuriysk, Russian Federation 

🖂 LyubchenkoL@mail.ru    

Abstract 

Introduction. The Burmese python (Python Molurus Bivittatus) is the third largest snake species in the world. In the 

wildlife, this snake breed is most often found in the countries of South and Southeast Asia, however, in recent years, these 

beautiful and docile reptiles have become popular around the world as pets. Burmese pythons are kept and bred by spe-

cialists in zoos and at zoo exhibitions as well as by amateurs. For keeping at home, it is recommended to purchase a 

specimen born and raised in captivity and create for it conditions that imitate its natural habitat. Pythons originate from 

the tropical and subtropical zones, therefore, when kept at home, high air humidity should be maintained, and a water 

reservoir should be provided for the semi-aquatic reptiles to bathe, which is especially important for correct snake molting. 

Unfortunately, more and more often these exotic animals become patients of veterinary clinics or die due to various 

reasons. The aim of the study is to establish the anatomical and morphological characteristics of Burmese python speci-

mens raised in captivity, as well as pathological changes in them upon death. 

Materials and Methods. In 2024–2025, two corpses of Burmese python (male and female) from a private collection were 

delivered to “Khimera” veterinary clinic (Ussuriysk, Primorsky Territory). Cytological, bacteriological and histological 

studies were carried out to establish the cause of death. The studies were carried out in an artificially lighted dissection 

room using the method of complete autopsy during which the metric parameters of organs, as well as pathological changes 

in them were established. 

Results. It was determined that the morphometric parameters of the body and internal organs in male and female Burmese 

pythons differed in size related to the age, whereas some organs were almost of the same length regardless of sex and age. It 

was established that death of the male python occurred due to acute pneumonia, which could become a background reason 

for probable drowning. The female python died from acute pneumonia caused by the bacterium Ochrobactrum anthropi. 

Discussion and Conclusion. The data obtained during the study of the anatomical and morphological characteristics of 

the internal organs of male and female specimens of Burmese python, and pathological changes in the organs of reptiles 

upon death, can be used in the practical work of veterinarians and herpetologists. 

Keywords: Burmese python, anatomical and morphological characteristics, pathological changes, pneumonia 
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Оригинальное эмпирическое исследование 

Анатомо-морфологические характеристики и патологические изменения у бирманского 

питона (Python molurus bivittatus), выращенного в условиях неволи 

Е.Н. Любченко1 🖂, М.Ю. Дьяченко2 , Д.А. Попова2  
1 Приморский государственный аграрно-технологический университет, г. Уссурийск, Российская Федерация 
2 Ветеринарная клиника «Химера», г. Уссурийск, Российская Федерация  

🖂 LyubchenkoL@mail.ru  

Аннотация 

Введение. Бирманский питон (Python molurus bivittatus) является третьим по величине видом змеи в мире. В ди-

кой природе данная порода змей чаще всего встречается в странах Южной и Юго-Восточной Азии, но в послед-

ние годы эти красивые и покорные рептилии стали популярны во всем мире как домашние животные. Содержа-

нием и разведением бирманских питонов занимаются как специалисты в зоопарках и на зоовыставках, так и 

непрофессиональные любители. Для содержания питона в домашних условиях рекомендуется приобретать 

особь, рожденную и выращенную в неволе, и создавать ей условия, имитирующие естественную среду обитания. 

Питоны — выходцы из тропической и субтропической зоны, поэтому в домашних условиях уровень влажности 

воздуха нужно поддерживать на высокой отметке, а рептилиям, ведущим полуводный образ жизни, обеспечить 

емкость с водой, в которой они будут иметь возможность купаться, что особенно важно для правильной линьки 

змей. К сожалению, все чаще эти экзотические животные становятся пациентами ветеринарных клиник или гиб-

нут по разным причинам. Цель исследования — установить анатомо-морфологические характеристики у особей 

бирманского питона, выращенных в неволе, а также патологические изменения у них при гибели. 

Материалы и методы. В 2024–2025 гг. в ветеринарную клинику «Химера» (г. Уссурийск, Приморский край) по-

ступили два трупа бирманских питонов (самец и самка) из частной коллекции. Для установления причины гибели 

проводили цитологическое, бактериологическое и гистологическое исследование. Исследование осуществлялось в 

условиях секционного зала при искусственном освещении по методу полного патологоанатомического вскрытия с 

установлением метрических характеристик органов, а также патологических изменений в них.  

Результаты исследования. Определено, что морфометрические показатели тела и внутренних органов у самца 

и самки бирманских питонов отличаются по размерам, что связано с возрастом, при этом некоторые органы 

имеют почти одинаковую длину независимо от пола и возраста. Установлено, что гибель самца произошла по 

причине острой пневмонии и вероятного утопления на ее фоне. Причиной гибели самки стала острая пневмония, 

вызванная бактерией Ochrobactrum anthropi.  

Обсуждение и заключение. Полученные в ходе исследования данные, касающиеся анатомо-морфологических 

характеристик внутренних органов самца и самки бирманского питона, а также патологических изменений в ор-

ганах при гибели рептилий, могут быть использованы в работе ветеринарных специалистов и герпетологов. 

Ключевые слова: бирманский питон, анатомо-морфологическая характеристика, патологические изменения, 

пневмония 
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Introduction. The Burmese python (Python Molurus 

Bivittatus Kuhl, 1820) is a large and robust snake with dark 

scales and light brown or yellowish markings along its body. 

These reptiles were long considered a subspecies of the In-

dian python P. molurus, but in 2009 they were recognised as 

a full value species due to distinctive morphological fea-

tures, their co-occurrence within the respective habitats, and 

apparent lack of natural interbreeding [1]. The debates con-

cerning the Burmese python taxonomy have been going on 

for 200 years and are still unfinished. According to the cur-

rent scientific classification, the Burmese python belongs to 

the phylum Chordata, class Reptilia, order Squamata, fam-

ily Pythonidae, genus Python, and species P. bivittatus [2]. 

In the wildlife, the Burmese python is most commonly 

found in South and Southeast Asian countries, such as My-

anmar (Burma), Thailand, Indonesia, and Vietnam. These 

snakes were brought to the United States in the frame of 

the exotic pet trade, however, many of them were subse-

quently released into the wildlife by owners who found 

reptiles difficult to care, and turned into the invasive spe-

cies in the unique ecosystems of South Florida [3, 4]. The 

python also lives in game reserves of India and Nepal [5]. 

mailto:LyubchenkoL@mail.ru
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 The Burmese python has been listed as endangered in 

Appendix II of the Convention on International Trade in En-

dangered Species (CITES). It has been listed as vulnerable 

in the IUCN (International Union for Conservation of Na-

ture) Red List since 2012, as the population of Burmese py-

thons in wildlife has declined by at least 30% in the first dec-

ade of the 21st century due to such factors as their skin being 

hunted for, use in the native medicine and food industry, the 

pet trade, habitat degradation, and other factors [6]. 

In the wildlife, pythons prefer damp areas of forests and 

marsh lands, as they like water and can swim well. Some-

times, due to living near water sources, where they feed on 

mammals, birds, reptiles, and amphibians, they are claimed 

to be semi-aquatic [7]. This is one of the largest snake spe-

cies in the world, reaching lengths of up to 7 m or more, 

with an average length of about 3.5 m [8]. Burmese py-

thons are dimorphic, with females typically being longer, 

larger, and heavier than males. The weights recorded in 

mature females range from 14 to 75 kg, while in males — 

from 7 to 15 kg [9]. 

Burmese pythons are oviparous [10]. Males have larger 

cloacal appendages (vestigial appendages) than females. 

These are two projections, one on each side of the anus that 

are extensions of the hind limbs [11]. Burmese pythons 

have specialised heat-sensing organs on their heads, lo-

cated on the upper and lower lips: these pits allow pythons 

to detect warm-blooded prey, especially in low-light con-

ditions or complete darkness. Burmese pythons are ecto-

thermic, they rely on the external heat sources to regulate 

their temperature. Like other reptiles, pythons are not par-

ticularly active and can remain motionless for several days 

in succession. They begin to move only when food be-

comes scarce or in the case of threatening danger [12].  

Like other terrestrial snakes, Burmese pythons are 

carnivorous, feeding primarily on mammals and birds. 

Prey size depends on the snake’s size: young pythons can 

feed on rodents, while adults can eat livestock, adult deer, 

and even alligators [13]. These non-venomous snakes 

have rows of recurved teeth specifically designated for 

capturing and immobilizing prey, while they are wrap-

ping coils around it, contracting their muscles until the 

victim suffocates. Pythons are opportunistic carnivores 

(which means they will eat whenever food is offered), 

therefore, in captivity, they often suffer from obesity. 

When fasting, the snake has a normal heart volume, but 

their stomach volume, acidity level, and mass of intes-

tines are reduced. Once food enters the stomach, the 

snake’s heart ventricle increases in size by 40%, facilitat-

ing digestion. Its intestines gain mass, and the abdomen 

expands to produce more acid [14]. 

The Burmese python is a pet, which brings almost no 

troubles to its owners, as it requires little care and feeding 

and has kind temper. They are widely bred in Russia, both 

by specialists in zoos and at zoo exhibitions, as well as by 

amateurs. The population of these exotic animals in the 

country is growing, and they are becoming the patients of 

veterinary clinics more and more often, therefore studying 

the anatomical and morphological structure and any patho-

logical changes in the organs and systems of these reptiles 

is a relevant objective. Unfortunately, despite the numer-

ous cases of python deaths due to improper care, feeding 

and disease, the morphological status and the causes of 

their deaths are studied extremely rarely, often due to the 

reluctance of owners to provide the material for analysis. 

In this context, the aim of this study is to establish the ana-

tomical and morphological characteristics of Burmese py-

thon specimens, as well as pathological changes in them 

upon death.  

Materials and Methods. In 2024–2025, two corpses of 

Burmese python (male and female) from a private collec-

tion were delivered to “Khimera” veterinary clinic (Us-

suriysk, Primorsky Territory) with the interval of 90 days. 

The deceased specimens were examined at Primorsky State 

Agrarian-Technological University (Ussuriysk) under arti-

ficial lighting using the autopsy method, during which the 

metric parameters of organs, as well as pathological 

changes in them were established.  

The Burmese pythons under study were a two-year-old 

male and a one-year-old female. According to the owner, 

the reptiles were kept in the same room with a shallow 

pool, at an optimal temperature, and fed the euthanized ro-

dents. On November 2, 2024, the male was found dead at 

the bottom of the pool, pressed down by the female. After 

90 days, on January 31, 2025, the female was found dead.  

Morphometric studies were carried out according to the 

proprietary methodology developed for describing internal 

organs (linear and weight parameters) [15]. The study be-

gan with an external examination of the pythons and re-

cording main morphometric parameters. The names of 

body parts were listed, and the structural features were lo-

calized. The sex of the specimens was determined using a 

reptile sexing probe (Nomoy Pet, China). 

Weight parameters of organs were obtained using a 

Delta KCE-40-21 electronic scale (Delta, China) with up 

to 0.001 g precision. Linear measurements of organs were 

performed using a measuring tape (up to 1 mm precision) 

and a Shock Proof electronic caliper (Union Source Co, 

China) with up to 0.1 mm precision. Internal organs were 

removed, examined and described according to the tech-

nique outlined in [16]. During the autopsy, photographs 

were taken using a Sony Cyber-shot DSC-W350 camera 

(Sony, Japan) to document certain phenomena and objects 

under study and obtain visual material. The ratio of internal 

organ masses to body mass was determined by calculating 

an average indicator of body mass and organs under study, 

and relative length was calculated by calculating the organ 

length to body length in a percentage.  

Histological examination of lung lobe biopsy material 

was performed at CYTOVET Office of Veterinary Mor-

phology (St. Petersburg) in compliance with the standard 
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techniques, including hematoxylin and eosin staining. Cyto-

logical examination was also performed at the same facility, 

using Pappenheim staining method. Bacteriological exami-

nation of respiratory tract contents was conducted in the bac-

teriology laboratory “TAFI-Diagnostics”, LLC (Ussuriysk). 

 Due to the lack of scientific data on Burmese pythons, 

various literature and Internet sources were used to write 

the present article.  

Results. External examination revealed that the skin of 

both specimens had an identical yellowish-brown mosaic 

pattern with asymmetrical, large, rectangular, dark brown 

spots of various shape along entire body length of both py-

thons. Dark stripes ran from the nostrils through the eye 

area, merging into spots on the neck (Fig. 1).  

The body length of the male python was 215.0 cm with 

a weight of 19.8 kg; the length of the tail was 105.0 cm; the 

chest girth was 65.0 cm. The body length of the female was 

177.0 cm with a body weight of 2.2 kg; the length of the 

tail was 21.0 cm; the chest girth was 14.5 cm. The nutri-

tional status of both specimens was good: both the male 

and the female had significant fat deposits in the body cav-

ities in the form of a garland of light pink fragments of 

moderately dense consistency (Fig. 2). 

During the study of the internal organs, we have iden-

tified several morphometric features. The upper jaw of the 

male was attached to two bones — the lower and the man-

dibular bone. The teeth were thin, sharp, grey-pink in col-

our, curved caudally and directed toward the pharynx 

(Fig. 3). The length of the male's esophagus was 63.0 cm, 

the mucous membrane was grey-pink and moist. The stom-

ach was elongated, 19.0 cm long, and the mucous mem-

brane was dark red. The length of the small intestine was 

60.0 cm, of the large intestine — 37.3 cm. At the junction 

of the small intestine and the large intestine, there was a 

cecum 3.5 cm long. 

 

 

Fig. 1. Corpse of a male Burmese python  

 

Fig. 2. Internal fat deposits in a male Burmese python  
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Fig. 3. Teeth of a male Burmese python  

The anterior chamber of the male’s cloaca (coprodeum) 

continued into the middle chamber (urodeum), where the 

ureters opened. The cloaca was 8.3 cm long. The size of 

pancreatic gland was measured 5.5 x 3.0 cm, was grey-

pink, and connected by dense ligaments to the spleen cap-

sule. The size of liver was measured 39.0 x 4.0 cm, it 

weighed 0.15 kg and was located along the lung. The ven-

tral part of the liver contained the сholedoch with the 

strongly-pronounced bile ducts. The gallbladder was 41.1 

cm long and 25.7 cm wide. The kidneys were in the form 

of compact bodies, were located in the pelvic cavity and 

were dark brown in colour: the left kidney was 15.5 cm 

long and weighed 0.015 kg; the right kidney was 18.5 cm 

long and weighed 0.016 kg (Fig. 4). 

The heart consisted of a ventricle and two atria separated 

by a septum. Both atria opened into the ventricle through sep-

arate openings. The ventricle was divided into two halves by 

an incomplete septum to prevent mixing of arterial and venous 

blood. The atria were 3.1 cm long, and the ventricle was 

3.5 cm long. The heart’s width at the base was 3.4 cm, and its 

mass was 10.0 g; the atria were filled with blood (Fig. 5).  

The trachea was 48.0 cm long and divided into two 

bronchi at the entrance to the lungs. The right lung, 60.4 

cm long, was delimited by the transition to the air sac, 

which was clearly visible. The left lung was shorter than 

the right (5.0 cm), was attached to the liver capsule by lig-

aments; the air sac was less visible. The lungs had a cellular 

structure and the shape of an elongated sac; the inner sur-

face of the lungs had a folded, cellular structure (Fig. 6).  

 

Fig. 4. Kidneys of a male Burmese python  
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Fig. 5. Heart of a male Burmese python, sectioned through the ventricles  

 

Fig. 6. Trachea bifurcation and lung of a male Burmese python after removal of fluid  

The male’s hemipenes were located in pockets on the 

ventral side of the tail near the cloaca. Along the edges of 

these pockets there were anal spurs — bony structures 

(pseudopods) in the form of small light-yellow claws that 

were not attached to the spine. The length of the left testicle 

was 15.5 cm, and of the right —16.0 cm. In female the 

paired hemiclitores were found on the ventral side of the 

tail near the cloaca and anal spurs in the form of small light-

yellow claws, half the length of those in the male. The 

depth of sexing probe penetration, inserted into one of the 

female’s paired hemiclitores, was 6.0 cm (Fig. 7). 

Absolute and relative morphological parameters of the 

body and internal organs of the male and female Burmese 

python are presented in Table 1. The ratio of the mass of 

the internal organs to the body mass was determined, and 

the length of the organs to the body length, excluding the 

length of the tail.    
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a) b) 

Fig. 7. a — female hemiclitores; b — male hemipenes in Burmese python  

Table 1 

Absolute and relative anatomical and morphological parameters of Burmese pythons  

No Parameters 
Unit of 

measurement 
Male 

Relative 

value, % 
Female 

Relative 

value, % 

1 Body length cm 215  177  

2 Tail length cm 105 48.8 21 11.8 

3 Chest girth cm 65 – 14.5 – 

4 Body weight kg 19.8 – 2.2 – 

5 Length of the stomach cm 19 8.83 16 9.32 

6 Length of the small intestine cm 60 27.9 62 35 

7 Length of the large intestine cm 37.3 17.3 41 23.2 

8 Length of the cecum cm 3.5 1.6 3.2 1.8 

9 Length of the cloaca cm 8.3 3.8 6.1 2.8 

10 Length of the liver cm 39 18.3 27 15.2 

11 Liver mass kg 0.15 0.75 0.05 2.36 

12 Length of the pancreas cm 8 2.5 5.5 4.51 

13 Length of the left kidney cm 15.5 7.2 10 5.6 

14 Length of the right kidney cm 18.5 8.6 12.2 6.9 

15 Left kidney mass kg 0.015 0.07 0.006 0.27 

16 Right kidney mass kg 0.016 0.08 0.007 0.31 

17 Length of the atria cm 3.1 1.4 2.2 1.2 

18 Length of the heart ventricle  cm 3.5 1.6 2.7 1.5 

19 Heart mass kg 0.01 0.05 0.004 0.18 

20 Length of the left lung cm 5.0 2.3 3.0 1.7 

21 Length of the right lung cm 60.4 28 19 10.7 

22 Length of the left testicle cm 15.5 7.2 – – 

23 Length of the right testicle cm 16 7.4 – – 
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The analysis of absolute and relative morphological pa-

rameters in Burmese pythons revealed that the male’s body 

size significantly exceeded that of the female’s, despite the 

age difference between them was only one year. At the 

same time, the length of the intestine, stomach, cecum, and 

cloaca was nearly identical in both specimens, despite the 

difference in body length. At the same time, the length of 

the liver, pancreas, right and left lungs, and the weight and 

length of the liver was significantly greater in the male than 

in the female. 

The autopsy revealed that the female had a significant 

amount of viscous, turbid mucus mixed with blood in its 

respiratory tract, and similar mucus was found in the lumen 

of its trachea (Fig. 8). The anterior segment of the right 

lung was filled with the grey-yellow catarrhal-purulent 

contents. The lung tissue was dark red. Four limited areas 

filled with the catarrhal-purulent contents were found in the 

left lung (Fig. 9). 

The male’s trachea contained foamy fluid with yellow 

flocculent inclusions. The lung sac contained a large 

amount of thick, turbid foamy fluid containing yellow floc-

culent inclusions. The lung parenchyma was thickened and 

red in colour (Fig. 10).  

 

e  

Fig. 8. Viscous mucus in the respiratory tract of a female Burmese python (photo by the authors)  

 

Fig. 9. Catarrhal-purulent contents of the right lung of a female Burmese python  
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Fig. 10. Fluid in the lung sac of the male Burmese python  

Bacteriological examination of sputum from the fe-

male’s respiratory tract revealed the gram-negative 

bacterium Ochrobactrum anthropicus. Histological ex-

amination of the female’s lung biopsy material re-

vealed a severe focal inflammatory process in the fa-

veoli, manifested as a moderate heterophilic inflamma-

tory infiltrate associated with accumulation of intersti-

tial fluid in the air spaces (Fig. 11). Bacteriological 

culture sampling in the male was not performed due to 

contamination of water in the pool.

 

Fig. 11. Focal inflammatory process in the faveoli of the lungs of the female python (hematoxylin and eosin, ×200)  

Analysis of the data obtained, brought us to the conclu-

sion that death of the male python was caused by asphyxia 

due to drowning, pneumonia being a background reason. 

The female died from asphyxia due to bacterial pneumonia 

caused by Ochrobactrum anthropi.  

Discussion and Conclusion. An anatomical and mor-

phological study of the internal organs of two Burmese py-

thons revealed that the relative mass (index) of the liver in 

the male was 0.75%, the heart 0.05%, the left kidney 

0.07%, and the right kidney 0.08%. With a body length 
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of 215.0 cm, the relative length of the left lung was 20.9%, 

and that of the right lung was 28.09%. The metric parame-

ters of the female’s internal organs were smaller than those 

of the male, which was due to its smaller body mass and 

size. This is clearly evident with the length of the liver, 

pancreas, right and left lungs, and the weight and length of 

the liver—these parameters were smaller in the female than 

in the male. The length of the intestines, stomach, cecum, 

and cloaca were nearly identical in both pythons.  

Although the male was found in a pool, pressed by a 

female, drowning was not the only cause of the snake’s 

death. According to various sources, the Burmese python 

is capable of holding its breath for 30 to 90 minutes, reduc-

ing its metabolism to 80% in underwater conditions, which 

allows oxygen reserves to be preserved for a much longer 

period. Furthermore, pythons have specialised valves that 

seal their trachea when submerged, larger air capillaries 

compared to mammals, which allows them to survive long 

periods of time without breathing, and a high concentration 

of myoglobin, which binds and stores oxygen, providing 

an internal reserve [17–19]. Taking into account this re-

sistance to drowning, the male’s death could only have oc-

curred if it had been underwater for too long for its aerobic 

capacity limited by pneumonia, and was unable to get out 

of the pool in time due to general muscle weakness caused 

by the disease. Therefore, the presumed cause of death was 

drowning due to background pneumonia.  

According to D.B. Vasiliev, pneumonia is common 

among reptiles because, due to the absence of a diaphragm, 

they lack a cough reflex. Evacuation in the trachea and 

bronchi in both directions is accomplished solely by the 

ciliated epithelium. During infections of any etiology, the 

cilia shorten and stick together losing their function almost 

completely. Therefore, the infectious agents tend to merge 

and adhere, which leads to the development of focal bron-

chopneumonia. The disease may progress without specific 

symptoms, limited to general depression [20]. According 

to A.M. Timmerman, the incidence of pneumonia in-

creases when snakes are exposed to stress factors such as 

overcrowding, unsuitable temperature and humidity, trans-

portation, parasites, etc. [21]. 

The study allowed us to establish that both Burmese py-

thons died from asphyxia: the male from drowning due to 

pneumonia, and the female from acute pneumonia, which 

may have developed due to a weakened immune system. 

Due to the saccular, elongated structure of the lungs, the 

presence of viscous fluid in the female’s trachea led to the 

obstructive reduction of lung respiratory capacity and to 

limitation of aerobic metabolism.  

Pathological changes in the lungs of the pythons stud-

ied were consistent with pneumonia, as confirmed by the 

bacteriological examination of sputum from the respiratory 

system of the female python. The probable cause of pneu-

monia was microbial colonization of the oropharynx and 

respiratory tract by the pathogen, the bacterium Ochrobac-

trum anthropi, and keeping in the confined space might 

have facilitated transmission of infection. 

Ochrobactrum anthropi is a non-fermenting, gram-

negative bacterium commonly found in the environment. 

According to published scientific data, it is a wide-spread 

soil-dwelling alphaproteobacterium that colonizes a wide 

range of organisms and is now often recognized as a poten-

tially dangerous opportunistic and nosocomial pathogen 

that develops in patients with various types of immunode-

ficiency [22]. According to M.S. Mahmood, the conse-

quences of O. anthropi pathogenicity appear to vary 

greatly in severity depending on the host. It causes bacte-

remia, which can lead to sepsis and septic shock [23]. 

We believe that the results we have presented will be 

useful for identifying the areas of further research in this 

field, which will undoubtedly be useful to both herpetolo-

gists and veterinary specialists.
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Subchronic Toxicity of D-Cyphenothrin-, Piperonyl Butoxide- and Pyriproxyfen-

Based Insecticide-Acaricide upon Its External Use in Laying Chickens 
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Abstract 

Introduction. Implementation of safe and efficient insecticides-acaricides suitable for using in the presence of poultry infected 

with ectoparasites is particularly relevant for poultry farming specializing in egg production. The development and implemen-

tation of new medicinal products into veterinary practice is a complicated process requiring comprehensive preclinical studies. 

The objective of this research is to investigate the subchronic toxicity of a new D-cyphenothrin-, piperonyl butoxide-, and 

pyriproxyfen-based antiparasitic product and the effect of its external use on homeostasis in egg-laying chickens. 

Materials and Methods. A subchronic toxicity study of the D-cyphenothrin-, piperonyl butoxide- and pyriproxyfen-based 

medicinal product was conducted in 2024 at Podolsk Experimental and Production Base of the All-Russian Research 

Institute of Fundamental and Applied Parasitology of Animals and Plants – Branch of the Federal State Budgetary  

Scientific Institution “Federal Scientific Center – All-Russian Research Institute of Experimental Veterinary  

Medicine (VIEV) of the Russian Academy of Sciences. Fifteen Hisex White chickens were divided into three groups of 

five birds each. Before each treatment, a 5.0% solution of the product was diluted in water at a ratio of 1:1000. A dose of 

10.0 ml per 0.3 kg of body weight was assumed to be a therapeutic dose. Birds in the two experimental groups were 

treated in dosage of 33.3 ml/kg and 100.0 ml/kg, respectively, using a fine-mist spray pump. Chickens from the third 

control group were not treated. Treatment with a 0.005% aqueous emulsion of the medicinal product was carried out 6 

times with an interval of 48 hours. The dynamics of changes in chicken weight, body temperature, some hematological 

and biochemical blood parameters was monitored, along with the features of behavior, feed and water intake. 

Results. No significant changes in body weight in birds from the two experimental groups were recorded. Compared to 

the control group, no statistically significant changes in body temperature of chickens were revealed throughout the ex-

periment. Six-fold application of the increased dose of the medicinal product resulted in destabilization of red blood cell 

parameters and decrease of protein metabolism in chickens from the second experimental group; however, these changes 

were reversible. Accordingly, a dose of 100.0 ml/kg can be assumed a threshold dose of no observed adverse effect 

level (NOAEL), and 33.3 ml/kg can be assumed a safe one of no observed effect level (NOEL). 

Discussion and Conclusion. Statistically significant changes in some blood parameters in chickens were observed after six 

applications of a 0.005% aqueous emulsion of the new combined insecticide-acaricide at a dose of 100.0 ml/kg. However, 

these changes were reversible. Taking into account the threefold increase of the therapeutic dose in the experiment, the 

product proved to have a wide range of safe dosages for external use. Therefore, the antiparasitic treatment with the 0.005% 

aqueous emulsion of the combined product in dosage of 33.3 ml/kg can be ascertained safe for poultry. 

Keywords: insecticide-acaricide product, subchronic toxicity, D-cyphenothrin, piperonyl butoxide, pyriproxyfen, chick-

ens, preclinical studies 
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Оригинальное эмпирическое исследование 

Субхроническая токсичность инсектоакарицидного средства на основе D-цифенотрина, 

пиперонилбутоксида и пирипроксифена при наружном применении у яичных цыплят 

Е.Н. Индюхова 🖂 

Всероссийский научно-исследовательский институт фундаментальной и прикладной паразитологии животных и растений – 

филиал Федерального государственного бюджетного научного учреждения «Федеральный научный центр – Всероссийский 

научно-исследовательский институт экспериментальной ветеринарии имени К.И. Скрябина и Я.Р. Коваленко Российской ака-

демии наук», г. Москва, Российская Федерация 

🖂 indyuhova@vniigis.ru  

Аннотация 

Введение. Внедрение безопасных и эффективных инсектоакарицидных средств с возможностью их применения 

в присутствии птиц при эктопаразитозах особенно актуально для яичного птицеводства. Разработка и внедрение 

новых препаратов в ветеринарную практику — сложный процесс, требующий всесторонних доклинических ис-

следований. Цель работы — изучение субхронической токсичности нового противопаразитарного средства на 

основе D-цифенотрина, пиперонилбутоксида и пирипроксифена и его влияния на гомеостаз яичных цыплят при 

наружном применении. 

Материалы и методы. Исследование субхронической токсичности средства на основе D-цифенотрина, пиперо-

нилбутоксида и пирипроксифена было проведено в 2024 г. на Подольской опытно-производственной базе 

ВНИИП – филиала ФГБНУ ФНЦ ВИЭВ РАН (г. Москва). 15 цыплят кросса Хайсекс Уайт были разделены на три 

группы по пять голов в каждой. Перед каждой обработкой 5,0 %-ный препарат разводили водой в соотноше-

нии 1:1000. Условно за терапевтическую дозу принимали 10,0 мл на 0,3 кг массы тела птицы. В двух опытных 

группах птиц обрабатывали мелкокапельным опрыскиванием с помощью помпового опрыскивателя в до-

зах 33,3 мл/кг и 100,0 мл/кг соответственно. Цыплят из третьей контрольной группы не обрабатывали. Обра-

ботки 0,005 %-ной водной эмульсией лекарственного препарата проводили 6 раз с интервалом 48 ч. Контроли-

ровали у цыплят в динамике массу, температуру тела, некоторые гематологические и биохимические показатели 

крови, а также учитывали особенности поведения, приема корма и воды. 

Результаты исследования. Достоверные изменения массы тела у птиц из двух опытных групп отсутствовали. 

Статистически значимых изменений не выявлено при анализе температуры тела у цыплят в течение всего экспе-

римента по сравнению с контролем. У цыплят из второй опытной группы в результате 6-кратного применения 

увеличенной дозы препарата выявлены дестабилизация показателей системы красной крови и снижение интен-

сивности белкового обмена, однако указанные изменения носили обратимый характер. Соответственно, 

дозу 100,0 мл/кг можно считать пороговой, а 33,3 мл/кг — недействующей (безопасной). 

Обсуждение и заключение. На фоне 6-кратного применения 0,005 %-ной водной эмульсии нового комбиниро-

ванного инсектоакарицидного средства в дозе 100,0 мл/кг описаны статистически значимые изменения некото-

рых показателей крови у цыплят, однако они носили обратимый характер. Учитывая трехкратное увеличение 

терапевтической дозы в эксперименте, у препарата имеется гарантия безопасного наружного применения в ши-

роком диапазоне доз. Исходя из этого можно утверждать, что при противопаразитарных обработках использова-

ние 0,005 %-ной водной эмульсии комбинированного препарата в дозе 33,3 мл/кг будет безопасно для птиц.  

Ключевые слова: инсектоакарицидное средство, субхроническая токсичность, D-цифенотрин, пиперонилбуток-

сид, пирипроксифен, цыплята, доклинические исследования 

Для цитирования. Индюхова Е.Н. Субхроническая токсичность инсектоакарицидного средства на основе D-

цифенотрина, пиперонилбутоксида и пирипроксифена при наружном применении у яичных цыплят. Ветеринар-

ная патология. 2025;24(3):26–33. https://doi.org/10.23947/2949-4826-2025-24-3-26-33 

Introduction. The development of safe and efficient 

insecticides-acaricides for simultaneous disacarization and 

desinsection of livestock and poultry facilities is an im-

portant objective of modern parasitology. For example, the 

red poultry mite is widespread in industrial poultry farm-

ing [1–3]. These temporary hematophagous ectoparasites 

inhabit hard-to-reach places of cage equipment, joints, 

cracks, etc. During a parasitological examination of poultry 

houses, approximately 100–500 mites are usually found 

per linear meter, alongside, in the organisms of laying 

chickens numerous negative changes in the central meta-

bolic processes, the development of oxidative stress, severe 

anemia syndrome, mixed-type hypoxia [4], feather loss, 

emaciation, anxiety and reduction of egg production capac-

ity [5] are reported. 

mailto:indyuhova@vniigis.ru
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In 2024, the All-Russian Research Institute of Funda-

mental and Applied Parasitology of Animals and Plants 

(Branch of the All-Russian Research Institute of Experi-

mental Veterinary Medicine (VIEV) of the RAS, Moscow) 

had developed a medicinal product based on three compo-

nents claimed low toxic to poultry by the scientists [6–8]. 

The first component is D-cyphenothrin — the synthetic py-

rethroid, which is active against fluff lice, argasid ticks, ix-

odic ticks and red poultry mites [9–10]. The second com-

ponent is piperonyl butoxide belonging to pyrethroid syn-

ergists. The third substance is pyriproxyfen, a suppressor 

of ectoparasite embryogenesis. This combination of three 

components is classified as hazard class 3 (moderately haz-

ardous substances) for oral use and as hazard class 4 (low-

hazardous substances) for external use [11]. It should be 

noted that pyrethroids are less toxic to birds than to mam-

mals, due to the higher rate of pyrethroid biotransformation 

in birds compared to mammals [12–14]. 

The implementation of new medicinal products into 

veterinary practice is a complicated process that requires 

numerous and comprehensive preclinical studies to con-

firm their safety and efficacy. One of the most important 

studies is investigation of toxic effects resulting from mul-

tiple use of the product in target animal species. The article 

aims to investigate the subchronic toxicity of an insecti-

cide-acaricide based on D-cyphenothrin, piperonyl butox-

ide and pyriproxyfen and its effect on egg-laying chickens 

in case of external application. 

Materials and Methods. The experiment was con-

ducted in 2024 at Podolsk Experimental and Production 

Base of the All-Russian Research Institute of Fundamental 

and Applied Parasitology of Animals and Plants (Branch 

of the All-Russian Research Institute of Experimental Vet-

erinary Medicine (VIEV) of the RAS, Moscow). Fifteen 

30-day-old Hisex White chickens were divided into three 

groups (two experimental and one control) of five birds 

each. The birds were fed a complete feed respective to their 

age group. Access to water was restricted for chickens from 

two experimental groups only during periods of treatment. 

The poultry were housed in two-tiered cages: the control 

group was housed on the upper tier, while the chickens 

from the first and second experimental groups were housed 

separately on the lower tier. 

The experiment was conducted in compliance with the 

guidelines for medicinal product preclinical studies pub-

lished in 2012 and edited by A.N. Mironov1. The dosage 

regimen and frequency of administration were chosen to 

identify potential toxic effects on birds during long-term 

                                                                        
1 Guidelines for conducting preclinical studies of medicinal products. Part one. Moscow: Grif i K, 201. 944 p.. URL: https://rsmu.ru/fileadmin/tem-

plates/DOC/Zakon_RF/Mironov_Rukovodstvo_po_provedeniju_doklinicheskikh_issledovanii_lekarstvennykh_sredstv.pdf 

use of a 0.005% aqueous emulsion of the tested product, as 

well as in the event of its overdosage. The aqueous emul-

sion of the tested product is intended for antiparasitic treat-

ment of poultry houses in the presence of chickens. The 

product was sprayed twice, with an interval of 5 days or 

more, in a form of fine mist using various technical means. 

According to the instruction for use, the consumption of 

the product aqueous emulsion was 50 ml/m2; 10.0 ml 

per 0.3 kg of bird body weight was conventionally consid-

ered a therapeutic dose. 

Before each treatment, a 5.0% product was diluted in 

water at a ratio of 1:1000 to obtain a 0.005% aqueous emul-

sion. In the first experimental group, birds were treated at 

a dose of 33.3 ml/kg using a fine-mist spray pump. In the 

second experimental group, the therapeutic dose was tri-

pled (100.0 ml/kg). Before each treatment, the chickens 

were individually weighed to calculate the required prod-

uct dose. Birds from the control group were not treated. 

Treatments with an aqueous emulsion of the medicinal 

product were carried out six times at 48-hour intervals. 

Birds from three groups were weighed, their body temper-

ature was measured, and blood samples were taken before 

treatment, the day after the sixth treatment, and 10 days af-

ter the sixth treatment. A range of hematological and bio-

chemical parameters were determined in the blood samples 

according to generally accepted techniques [15]. The be-

haviour of the chickens, their motor activity, appearance, 

feed and water consumption were observed daily. 

Statistical processing of digital data was performed us-

ing the Student's t-test in Microsoft Excel 2016. Results 

were considered statistically significant (reliable) if the sig-

nificance level (P) was less than 0.05. The results of statis-

tical data processing were presented in the following for-

mat: the mean value (M) is reported together with the 

standard error of the mean (± m). 

Results. None of the chickens died during the entire ex-

periment. During treatments, specimens from the first and 

second experimental groups bunched in a corner of the cage 

or moved actively around the cage with excessive vocaliza-

tion. Feed and water intake by chickens from the experi-

mental groups did not differ from that of the control group. 

The dynamics of chicken body weight changes are pre-

sented in Table 1. There were no significant changes in 

body weight in birds from the two experimental groups. 

Furthermore, no statistically significant changes were de-

tected when analysing the body temperature of chickens 

participating in the experiment compared to the ones from 

control group (Table 2).

https://rsmu.ru/fileadmin/templates/DOC/Zakon_RF/Mironov_Rukovodstvo_po_provedeniju_doklinicheskikh_issledovanii_lekarstvennykh_sredstv.pdf
https://rsmu.ru/fileadmin/templates/DOC/Zakon_RF/Mironov_Rukovodstvo_po_provedeniju_doklinicheskikh_issledovanii_lekarstvennykh_sredstv.pdf
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Table 1 

Dynamics of body weight changes in chickens (n=5), kg 

Examination timeframes Control group 
First experimental 

group 
Second experimental group 

Before treatment 0.30 ± 0.00 0.29 ± 0.00 0.29 ± 0.01 

After the 6th treatment 0.42 ± 0.01 0.41 ± 0.00 0.40 ± 0.01 

10 days after the 6th treatment 0.52± 0.01 0.52± 0.01 0.51± 0.01 

 Note: P>0.05  

Table 2 

Temperature status of chickens (n=5), °C 

Examination timeframes Control group 
First experimental 

group 
Second experimental group 

Before treatment  41.50± 0.15 41.70 ± 0.08 41.38± 0.24 

After the 6th treatment 
41.22 ± 0.17 41.58 ± 0.15 41.62 ± 0.17 

10 days after the 6th treatment 
41.54 ± 0.14 41.56 ± 0.14 41.44 ±0.17 

 Note: P>0.05 

Upon analysis of some hematological and biochemical 

blood parameters, statistically significant changes were 

identified in chickens of the second experimental group 

compared to the control group. In egg-laying chickens, the 

number of erythrocytes, leukocytes and concentration of 

hemoglobin in the blood were assessed (Table 3).  

Table 3 

Some hematological parameters in the blood of chickens (n=5) 

Indicator, unit 

of measurement 

Examination 

timeframes 
Control group 

First experimental 

group 

Second experimental 

group 

 

Erythrocytes,  

×1012/l 

Before treatment 2.64 ± 0.14 2.59 ± 0.06 2.68 ± 0.12 

After  

the 6th treatment 
2.94 ± 0.12 2.82 ± 0.11 2.73 ± 0.08 

10 days after 

 the 6th treatment 
2.86 ± 0.08 2.78 ± 0.06 2.92 ± 0.08 

Hemoglobin, g/l Before treatment 122.60 ± 2.99 121.60 ± 3.12 125.40 ± 2.73 

After  

the 6th treatment 
126.40 ± 2.93 122.60 ± 2.38 113.80 ± 2.52* 

10 days  

after the 6th treatment 
127.40 ± 2.66 128.60 ± 2.44 122.80 ± 2.75 

Leukocytes, 

×109/L 

Before treatment 7.34 ± 0.29 7.06 ± 0.58 6.88 ± 0.61 

After  

the 6th treatment 
7.70 ± 0.26 7.66± 0.42 7.91 ± 0.39 

10 days  

after the 6th treatment 
7.86 ± 0,29 8.30 ± 0.26 7.92 ± 0.29 

Note: *P<0.05 compared to the control group 
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Cyanogen-containing pyrethroids, including D-cyphe-

nothrin, are known to actively affect hematopoiesis [16]. 

Thus, a tendency towards a decrease in the number of eryth-

rocytes by 7.1% was revealed in the specimens from the sec-

ond experimental group after the 6th treatment compared to 

the control group. However, 10 days after the last treatment, 

the above mentioned tendency for this parameter was not ob-

served. Also, in chickens from the second experimental 

group, a statistically significant decrease in concentration of 

the hemoglobin by 10.0% (P < 0.05) was found compared to 

the control group. After 10 days, no reliable changes of this 

parameter were found. Similar results have been presented 

in the publication studying changes of the hematological pa-

rameters in the blood of laboratory animals during use of a 

cyphenothrin-containing medicinal product [16]. 

All cyano-containing pyrethroids disrupt the transport-

ing function of erythrocytes. Although, initially compensa-

tory mechanisms maintain normal erythrocyte levels in the 

blood by stimulating erythropoietin synthesis, after some 

time, a decline in hematopoiesis is observed [16]. Further-

more, A. Khan et al. noted the inhibitory effect of synthetic 

pyrethroids on erythropoietin [17]. The above statement re-

sults in a decrease in the intensity of certain metabolic pro-

cesses in chickens during multiple use of the combination 

product, as presented in Table 4.  

Upon 6-fold application of the three-component prod-

uct, a reliable decrease in the concentration of total protein 

by 9.1% (P<0.05) and globulins by 10.8% (P<0.05) was 

observed in the blood of chickens from the second experi-

mental group, as well as a tendency towards a decrease in 

the albumin level by 7.4% compared to the control group. 

This indicates a disorder in the liver protein-synthesis func-

tion in chickens from the second experimental group and 

goes in line with other studies [17, 18]. However, 10 days 

after the application of the combination insecticide-acari-

cide, no statistically significant changes were observed, in-

dicating the recovery of the protein-synthesizing function 

of liver in birds. Similar findings have been noted by peers 

in their publications [19]. It is known that the main target 

organ for piperonyl butoxide is the liver [20]. Studies con-

ducted on laboratory animals have revealed an increase in 

the weight of this organ and increased activity of certain 

blood enzymes associated with liver pathologies [21]. 

However, many studies have confirmed the safety of pip-

eronyl butoxide for birds, since even high doses of this 

drug did not cause death of animals [7, 21]. 

As a result of multiple external application of the me-

dicinal product in chickens from the second experimental 

group, a decrease in the intensity of transamination pro-

cesses was observed, which expressed in a reliable de-

crease in the activity of aspartate aminotransferase by 

8.7% (P < 0.05), and a tendency towards a decrease in the 

activity of alanine aminotransferase by 15.5% compared 

to the control group. The current understanding of the di-

agnostic significance of these enzymes is presented in the 

work of A.S. Shidlovsky and A.I. Saltanov, in which a 

tendency towards a disruption of relationships within the 

carbohydrate, amino acid and energy metabolisms against 

the background of low activity of aminotransferases was 

noted [22]. Ten days after treatments were finished, no 

significant changes in the activity of these enzymes 

across the groups were detected. 

During the experiment, no significant changes in creat-

inine concentrations in the blood of chickens from the two 

experimental groups were observed compared to the con-

trol group. It is known that one of the reasons underlying 

the decrease in creatine phosphokinase activity is the de-

stabilisation of aerobic oxidation processes in the organism 

of animals. Thus, the day after the sixth treatment, chickens 

from the first experimental group showed a tendency to-

wards a decrease in the activity of this enzyme by 7.9%, 

while birds from the second experimental group showed a 

significant decrease of its activity by 20.8% (P<0.05) com-

pared to the control group. However, 10 days after the last 

treatment, these changes were not observed. This may be 

due to the normalization of energy metabolism in the birds’ 

organisms against the background of stabilization of red 

blood cell parameters. 

Analysis of some lipid metabolism parameters revealed 

no statistically significant changes in the concentration of tri-

glycerides and cholesterol in the blood of chickens from the 

second experimental group compared to the control group. 

No significant changes in blood glucose concentrations 

were detected in chickens, with levels within the physio-

logical norm (11–15 mmol/l) in all experimental birds [23]. 

Furthermore, two tendencies were observed in the blood of 

chickens from the second experimental group after the 

sixth treatment: a 3.8% decrease in glucose concentration 

and a 3.3% decrease in α-amylase activity compared to the 

control group. After 10 days, no significant changes in car-

bohydrate and energy metabolism parameters were de-

tected in chickens. 

Thus, destabilization of red blood cell parameters and a 

decrease in protein metabolism were observed in chickens 

from the second experimental group after six external treat-

ments of the medicinal product; however, these changes 

were reversible. Consequently, a dose of 100.0 ml/kg can 

be considered the threshold dose, and 33.3 ml/kg can be 

considered a dose of no observed effect, i.e. safe. 

Table 4 
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Some biochemical parameters of chicken blood (n=5) 

Indicator, unit of 

measurement 

Examination timeframes 

 
Control group 

First experimental 

group 

Second experi-

mental group 

Total protein, g/l 

Before treatment 37.80 ± 0.92 37.40 ± 1.17 37.00 ± 1.10 

After the 6th treatment 39.40 ± 0,40 38.20 ± 0.58 35.80 ± 1.02* 

10 days after the 6th treatment 39.80 ± 0.37 39.60 ± 0.51 39.00 ± 0.71 

Albumins, g/l 

Before treatment 18.80 ± 0.49 18.60 ±0.40 18.20 ± 0.37 

After the 6th treatment 19.00 ± 0.63 18.60 ± 0.24 17.60 ± 0.60 

10 days after the 6th treatment 20.20 ± 0.20 19.40 ± 0.24 18.80 ± 0.49 

Globulins, g/l 

Before treatment 19.00 ± 0.45 18.80 ± 0.86 18.80 ± 0.86 

After the 6th treatment 20.40 ± 0.51 19.60 ± 0.40 18.20 ± 0.49* 

10 days after the 6th treatment 19.60 ± 0.40 20.20 ± 0.37 20.20 ± 0.37 

Alanine aminotrans-

ferase, U/l 

Before treatment 30.40 ± 1.89 32.20 ± 1.85 30.60 ± 2.18 

After the 6th treatment 25.80 ± 2.82 26.00 ± 2.45 21.80 ± 2.87 

10 days after the 6th treatment 14.20 ± 1.07 15.40 ± 0.68 15.00 ± 0.94 

Aspartate ami-

notransferase, U/l 

Before treatment 271.80 ± 7.81 273.00 ± 8.70 277.80 ± 9.01 

After the 6th treatment 269.00 ± 3.69 257.00 ± 5.16 245.60 ± 6.68* 

10 days after the 6th treatment 205.20 ± 7.77 210.00 ± 9.02 209.40 ± 9.21 

Creatinine, µmol/l 

Before treatment 27.60 ± 0.81 28.20 ± 0.97 27.80 ± 0.58 

After the 6th treatment 29.20 ± 0.80 27.80 ± 0.73 29.00 ± 0.71 

10 days after the 6th treatment 28.80 ± 0.80 29.20 ±1.16 29.00 ± 1.26 

Creatine phosphoki-

nase, U/l 

Before treatment 1979.40 ± 70.89 2001.60 ± 80.69 2013.20 ± 88.46 

After the 6th treatment 2001.40 ± 60.58 1843.60 ± 26.02 1585.00 ± 67.44* 

10 days after the 6th treatment 1947.00 ± 44.47 2051.40 ± 47.98 1895.60 ± 68.71 

Cholesterol, mmol/l 

Before treatment 3.56 ± 0.12 3.60 ± 0.14 3.58 ± 0.14 

After the 6th treatment 3.92 ± 0.10 3.70 ± 0.15 3.88± 0.12 

10 days after the 6th treatment 3.98 ± 0.16 3.78 ± 0.11 3.70 ± 0.10 

Triglycerides, mmol/l 

Before treatment 0.57 ± 0.04 0.53 ± 0.05 0.59 ± 0.04 

After the 6th treatment 0.56 ± 0.04 0.52 ±0.04 0.55± 0.03 

10 days after the 6th treatment 0.66 ± 0.04 0.62 ± 0.04 0.59 ± 0.01 

Glucose, mmol/l 

Before treatment 12.46 ± 0.42 13.42 ± 0.21 13.06 ± 0.39 

After the 6th treatment 12.72 ± 0.30 12.58 ± 0.35 12.24 ± 0.27 

10 days after the 6th treatment 13.02 ± 0.26 13.18 ± 0.32 12.34 ± 0.29 

Lactate dehydrogen-

ase, U/l 

Before treatment 1351.80 ± 35.03 1322.80 ± 42.71 1286.40 ± 31.20 

After the 6th treatment 1413.20 ± 52.41 1343.40 ± 79.28 1335.00 ± 26.61 

10 days after the 6th treatment 1395.00 ± 33.86 1361.20 ± 30.69 1439.40 ± 48.55 

α-Amylase, U/L 

Before treatment 326.80 ± 12.17 357.40 ± 24.02 320.20 ± 10.86 

After the 6th treatment 311.60 ± 11.99 318.00 ± 11.73 301.40 ± 21.85 

10 days after the 6th treatment 337.00 ± 13.67 349.00 ± 17.56 351.80 ± 10.68 

Note: *P<0.05 compared to the control group 

 

Discussion and Conclusion. The study results indicate 
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that the new combination product based on D-cyphe-

nothrin, piperonyl butoxide, and pyriproxyfen is safe for 

laying chickens across a wide range of doses when applied 

externally. Statistically significant changes in some blood 

parameters were detected only in chickens from the second 

experimental group, which received the product at a dose 

of 100.0 ml/kg, and even these changes were reversible. 

Therefore, there is reason to believe that the use of a 

0.005% aqueous emulsion of the combination product at a 

dose of 33.3 ml/kg for disacarization of premises (twice 

with an interval of 5 days or more) in the presence of poul-

try can be considered safe. 
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Morphological Features and Histogenesis of Canine Nodal Lymphoma  
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Abstract 

Introduction. One of the most common types of oncopathologies are lymphoproliferative disorders, in particular, lym-

phomas. The disorders are characterised by the complicated development mechanisms, multiple etiological factors and 

their diverse biological features. In addition, the common origin of lymphoid cells makes different types of lymphomas 

morphologically similar and complicates their diagnostics. The morphological study used to be, currently is and will 

continue to be a gold standard in the oncological pathology diagnostics. However, the lack of clear morphological criteria 

and histological classifications of the various types of tumours in animals prevents from adequate diagnostics of onco-

logical diseases in them. The above urges to conduct a thorough study of various morphological types of lymphomas to 

identify their differential diagnostic features. The aim of the research is to study the morphological features and histogen-

esis of canine nodal lymphoma to facilitate the diagnostics and develop the efficient targeted therapy protocols. 

Materials and Methods. The objects of the study conducted in the network of veterinary laboratories “VETLAB” (Mos-

cow) in the period from January 2024 to January 2025 were the lymph nodes in dogs with the signs of nodal lymphoma. 

All samples (n = 30) were prepared according to the standard technique of histological sample preparation. Histological 

preparations stained with hematoxylin and eosin were obtained, and microscopy was performed. A comparative estima-

tion and contrasting against the following morphological criteria were carried out: tumour growth pattern, spread of tu-

mour in the tissue, tumour cell structure, size and location of nuclei, chromatin structure, presence of mitoses, and tumour 

microenvironment. 

Results. By studying the canine nodal lymphoma features by means of microscopy, a number of significant differential 

diagnostic features were identified enabling to distinguish the following morphological variants of lymphomas: large-cell 

and small-cell lymphomas, immunoblastic, centroblastic and lymphoblastic lymphomas. Prognostic features included: 

proliferative index, diffuse growth pattern, cellular microenvironment, and tumour vascularization. 

Discussion and Conclusion. The study had identified the main morphological variants and cell types of canine nodal 

lymphomas. Morphological features and differential diagnostic criteria for microscopic study of lymphomas were deter-

mined. The obtained data can be used in the every-day practices of a pathologist for morphological verification of canine 

lymphomas, and also become the basis for histological classification of tumours of lymphoid tissue in animals. 

Keywords: lymphoma, nodal lymphoma, lymph node, micropreparation, tissue, lymphoblast, immunoblast, centrocyte, 

centroblast, dogs 
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Оригинальное эмпирическое исследование 

Морфологические свойства и гистогенез нодальной лимфомы у собак 

Н.В. Митрохина1 🖂, Л.Ф. Сотникова1,2  

1 Сеть ветеринарных лабораторий «ВЕТЛАБ», г. Москва, Российская Федерация 
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Аннотация 

Введение. Одним из часто встречающихся видов онкопатологий являются лимфопролиферативные заболевания, 

в частности, лимфомы. Заболевания отличаются сложными механизмами развития, множеством этиологических 

факторов и разнообразием биологии их поведения. Кроме того, общность происхождения лимфоидных клеток 

делает различные типы лимфом морфологически сходными и затрудняет их диагностику. Золотым стандартом в 

диагностике онкологической патологии было, есть и будет морфологическое исследование. Однако для адекват-

ной диагностики онкологических заболеваний у животных отсутствуют четкие морфологические критерии, ги-

стологические классификации, характеризующие различные типы опухолей. Вышеизложенное диктует настоя-

тельную необходимость в тщательном изучении различных морфологических типов лимфом и выявлении их 

дифференциально-диагностических признаков. Цель данного исследования — изучение морфологических при-

знаков и гистогенеза нодальной лимфомы у собак для облегчения диагностики и разработки эффективных про-

токолов таргетной терапии. 

Материалы и методы. Объектом исследования, проведенного на базе сети ветеринарных лабораторий 

«ВЕТЛАБ» (г. Москва) в период с января 2024 г. по январь 2025 г., стали лимфатические узлы собак с признаками 

поражения нодальной лимфомой. Все пробы (n = 30) прошли гистологическую пробоподготовку по стандартной 

общепринятой методике. Были получены гистологические препараты, окрашенные гематоксилином и эозином, 

и выполнена микроскопия. Проведена сравнительная оценка, и сопоставлены следующие морфологические кри-

терии: форма роста опухоли, распространенность опухоли в ткани, строение опухолевых клеток, размер и распо-

ложение ядер, структура хроматина, наличие митозов, микроокружение опухолевых клеток. 

Результаты исследования. Изучая особенности нодальных лимфом собак посредством микроскопии, выявили 

ряд существенных дифференциально-диагностических признаков, позволяющих разделять лимфомы на морфо-

логические варианты: крупноклеточную и мелкоклеточную лимфому, иммунобластный, центробластный и лим-

фобластный клеточный тип. К прогностическим признакам отнесли: пролиферативный индекс, диффузную 

форму роста, клеточное микроокружение, васкуляризацию ткани опухоли. 

Обсуждение и заключение. В ходе исследования выделили основные морфологические варианты и клеточные 

типы нодальных лимфом собак. Определили морфологические особенности и дифференциально-диагностиче-

ские критерии для микроскопического изучения лимфом. Полученные данные могут быть использованы для мор-

фологической верификации лимфом собак в повседневной практике патолога, а также лечь в основу гистологи-

ческой классификации опухолей лимфоидной ткани у животных. 

Ключевые слова: лимфома, нодальная лимфома, лимфатический узел, микропрепарат, ткань, лимфобласт, им-

мунобласт, центроцит, центробласт, собаки 
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Introduction. Lymphoma is a widespread malignant 

neoplasm of haematopoietic and lymphoid tissues in ani-

mals and humans. The tumour develops in nodal and ex-

tranodal forms, and is not limited to any certain organ, 

which hinders timely diagnostics of the disease. In human 

medicine, there are classifications based on comparing 

clinical, morphological and immunological features result-

ing in distinguishing numerous variants of T- and B-cell 

lymphomas [1–3]. All tumours have a common lymphoid 

cell precursor, similar processes of activation or inhibition 

of signaling pathways, mutations in key genes, and are 

characterized by similar genetic disorders and structural 

abnormalities. All this enables using the new molecular di-

agnostic methods for clinical purposes to stratify patients 

into risk groups, develop prognostic and diagnostic models 

and search for new targets for drug therapy [4]. The com-

mon origin of various types of lymphomas complicates 

their morphological verification. Whereas, lymphoma di-

agnostic algorithm should begin with morphological exam-

ination of tumour cellular composition or its tissue. The ob-

jectives of morphological study also include identification 

and investigation of the prognostic factors; differential di-

agnostics of indolent and aggressive forms of lymphoma 

subject to histological transformations; studying the devel-

opment of aggressive lymphoma during the evolution of an 

indolent clonal lymphoma [5].  

In veterinary medicine, adequate diagnostics of onco-

logical diseases in patients is complicated due to the lack 

of clear morphological criteria and histological classifica-

tions characterizing various tumour types. The develop-

ment and identification of morphological criteria specific 

to various lymphoma types will not only improve the qual-

ity of differential diagnostics but also enhance the efficacy 

of subsequent therapeutic interventions. The aim of this 

study is to present a scientifically based approach to the 

morphological diagnostics of canine nodal lymphoma, 

based on the principle of the histogenetic origin of cells. 

Materials and Methods. The study was conducted at 

the network of veterinary laboratories “VETLAB” (Mos-

cow) from January 2024 to January 2025. The objects of 

the study were 30 lymph nodes in dogs affected by nodal 

lymphoma. Lymph nodes of various locations were exam-

ined; identification of the most common lymphoma loca-

tions was not the objective of the present study. 

Specimens for morphological examination were se-

lected based on the following criteria: medical history and 

clinical signs (lymph node enlargement and limited  mobil-

ity, cachexia, dyspnea); the macroscopically visible signs 

of lymph node lesion caused by lymphoma (lymph node 

size greater than 2 cm in diameter, absence of a pattern on 

lymphoid tissue section, replacement of lymphoid tissue 

with structureless masses, lumpy surface of lymph nodes, 

ruptures of capsules); microscopy-based confirmation of 

nodal lymphoma. 

Lymph nodes with macro- and microscopic signs of re-

active inflammation, hyperplasia, or metastatic lesions 

caused by non-lymphoid tumours were excluded from the 

study. Macroscopic signs of reactive inflammation and hy-

perplasia in a lymph node include: lymph node size up to 2 

cm, preservation of the pattern on the section, smooth 

lymph node surface and intact capsule. Macroscopic signs 

of metastatic lesions are as follows: partially preserved pat-

tern on the section, limited tumour foci visible upon the 

section, and lumpy surface of a lymph node (in cases of 

multiple metastases). 

For the study, a longitudinal incision was made across 

a lymph node, and up to 0.5 cm diameter section was re-

moved from the tissue core and sent for examination [6]. 

Histological processing was performed according to the 

generally accepted protocol: 96% alcohol for 6 hours, xy-

lene for 3 hours, paraffin for 3 hours [7, 8]. The specimens 

were embedded in a paraffin block using a Kedee KD-

BMII automatic embedding system (Kedee, Russia). Mi-

crotomy of a paraffin block was performed using a Rotary 

3004 M semiautomatic microtome (Kedde, Russia). Histo-

logical sections were cut at a thickness of 4 μm and fixed 

on glass slides. 

The preparations were stained with hematoxylin and 

eosin according to the generally accepted protocol: xylene 

for 10 min, 96% alcohol for 15 min, Mayer’s hematoxylin 

for 20 min, hydrochloric acid for 10 sec, distilled water for 

10 min, eosin solution for 10 min [9], using a Shandon Var-

istain 24–4 autostainer (Leica, Germany).  

Microscopy was performed using a Microscreen mi-

croscope (“Minimed”, Russia) at ×100, 200, and 400 

magnification. 

The following factors were assessed: tumour growth pat-

tern (diffuse, nodular, etc.); cell-related issues (small or large 

cells, polymorphic cell composition, anaplastic or  
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blastic/blastoid cell morphology, presence or absence of mul-

tinucleated cell forms, characteristics of nuclei structure); and 

the presence of reactive and residual components. The study 

adhered to the 5th edition of the WHO Classification of Tu-

mours of Haematopoietic and Lymphoid Tissues (2022). 

Results. The data we obtained during morphological 

examination of canine nodal lymphomas are presented in 

Table 1, which shows that the large-cell lymphoma variant 

was detected most frequently. All tumours had a diffuse 

growth pattern. 

Large-cell tumours had large, eccentrically arranged nu-

clei. The condensed chromatin structure resulted in nucleoli 

being differentiated within the nuclei (Fig. 1). At 400x mag-

nification, 5 to 10 mitoses were detected per field of view. 

 Table 1 

Morphological classification of canine nodal lymphoma variants  

Morphologic classification of canine nodal lymphomas Number of cases % 

Small-cell lymphoma 6 20 

Large-cell lymphoma 24 80 

 

a)      b) 

Fig. 1. a — large-cell nodal lymphoma; b — fibrous tissue strand in the center of tumour.  

Hematoxylin and eosin staining, ×400 magnification  

All large cell nodal lymphomas showed thin fibrous 

septa, which constitute the tumour stroma. These septa are 

likely to be the residues of the interfollicular septa of a 

lymph node (Fig. 1 b). 

Nodal lymphomas, composed of small cells, had a 

number of features: small or medium-sized eccentrically 

arranged nuclei, tightly packed heterochromatin within the 

nuclei, and poor differentiation of nucleoli. At ×400 mag-

nification, no more than 5 mitoses per field of view and a 

large number of apoptotic bodies were detected (Fig. 2). 
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Fig. 2. Small-cell nodal lymphoma. Hematoxylin and eosin staining, ×400 magnification  

The results of the study on the histogenetic origin of 

tumour cells indicate the presence of three cell types: lym-

phoblastic, immunoblastic and centroblastic (Table 2).  

Table 2 shows that the centroblastic cell type of nodal 

lymphoma is the most common. It is worth noting that im-

munoblastic and centroblastic types were detected in large-

cell variant of lymphoma. 

The immunoblastic cell type was characterised by the 

presence of atypical immunoblasts in the tumour infiltrate — 

large cells with round, uneven, eccentric nuclei with a single 

large nucleolus being differentiated, and condensed chromatin 

loop pattern. The membrane of nucleolus was uneven, often 

with thin chromatin threads attached to it. The cytoplasmic 

rim of these cells was quite wide and pale (Fig. 3 a). 

The centroblastic cell type was characterized by the 

presence of atypical centroblastic cells in the tumour infil-

trate, which differed drastically from immunoblasts. The 

morphological features of centroblasts included large, 

round vesicular nuclei, vesicular chromatin pattern, and  

2–3 nucleoli located near the nuclear membrane, as well as 

moderate amount of cytoplasm (Fig. 3 b). 

The lymphoblastic cell type was detected in small-cell 

tumours and was characterized by the presence of atypical 

lymphoblasts in the tumour infiltrate—small cells with 

round nuclei containing compact heterochromatin, undif-

ferentiated nucleolus, uneven nuclear membrane surface 

and a narrow cytoplasmic rim (Fig. 4 a). 

All tumours, regardless of cell type, had poor vascular-

ization. Lymphocytes and plasma cells were present in the 

microenvironment. Small-cell tumours were infiltrated 

with macrophages. One case of a large number of eosino-

phils contained in the microenvironment (Fig. 4 b) was 

identified. 

Table 2 

Cell types of canine nodal lymphomas 

Cell type Number of cases % 

Lymphoblastic 6 20.0 

Immunoblastic 10 33.3 

Centrablastic 14 46.7 
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a)      b) 

Fig. 3: a — immunoblastic cell type of large-cell nodal lymphoma; 

b — centroblastic cell type of large-cell nodal lymphoma. Hematoxylin and eosin staining, ×400 magnification  

 

a)     b) 

Fig. 4: a — lymphoblastic cell type of small-cell nodal lymphoma; b — immunoblastic cell type of large-cell lymphoma, pronounced 

tissue infiltration with eosinophils. Stained with hematoxylin and eosin, magnification ×400  

 

Fig. 5. Results of the study of cell types of canine nodal lymphomas (n = 30) 

14

10

6

0

Centroblastic type Immunoblastic type Lymphoblastic type
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Discussion and Conclusion. A study of the pathologi-

cal features of canine nodal lymphoma revealed that all tu-

mours have a diffuse growth pattern. Large-cell and small-

cell variants can be identified with regard to morphological 

classification, and according to histogenetic classification, 

the tumours are classified into lymphoblastic, centroblastic 

and immunoblastic. Morphological differential diagnostic 

criteria include: tumour cell size, size of nuclei, chromatin 

structure, differentiation of nucleoli, the number of mitoses 

per field of view and the presence of apoptotic bodies. 

According to available literature [10, 11], the large-cell 

variant of lymphoma is most common in humans, which is 

consistent with the results of our study in dogs. This may 

be due to the predominance of large B-cells in the body, 

which are activated during antigenic stimulation. 

Analysis of data obtained during the study of tumour cell 

types shows that the centroblastic cell type is identified most 

frequently (Fig. 5). It can be assumed that this happens 

within the process of antigen stimulation, due to B-cells ini-

tiating a reaction in the germinal center of the follicle, in 

which they get transformed into rapidly proliferating centro-

blasts. Whereas, proliferating cells are more often subject to 

tumour transformation. In human medicine, diagnostic cri-

teria for lymphoblastic lymphoma include the predominance 

of atypical lymphoblasts in the tumour substrate and the 

presence of macrophages in the microenvironment [13–16]. 

Our data obtained in dogs confirm the above mentioned 

findings available in the scientific sources. 

The centroblastic cell type of lymphoma is character-

ized by large, round nuclei containing several nucleoli near 

the nuclear membrane, whereas atypical immunoblasts, 

which make up the cellular substrate of immunoblastic 

lymphoma, have large, uneven nuclei containing a single 

nucleolus. The cytoplasmic rim of atypical immunoblasts 

is more abundant than that of centroblasts. Similar differ-

ential diagnostic features were mentioned by L.G. Ba-

bicheva and I.V. Poddubnaya in their description of nodal 

lymphoma in humans [17]. 

According to the 5th edition of the WHO Classification 

of Tumours of Haematopoietic and Lymphoid Tissues 

(2022) currently used in human medicine, diffuse large-

cell lymphoma has 14 clinical and biological forms [17–

20]. These forms have not been studied or identified in an-

imals; therefore, the results of our study may pave the way 

for the exploration of morphological features and differen-

tial diagnostic criteria for a larger number of nosological 

forms of lymphoid tissue tumours in veterinary pathology. 

Our study confirms the histogenetic origin of tumour cells, 

which should be reflected in the histological classification. 
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Abstract 

Introduction. The potential of cell therapy and tissue engineering technologies in veterinary medicine is quite high. 

However, the use of these technologies in the Russian Federation is currently limited due to the absence of standardized 

protocols for cell isolation, donor selection and creation of tissue equivalents. Development of a methodology for obtaining 

connective tissue bioequivalent is particularly relevant for clinical veterinary medicine, as connective tissue constitutes up 

to the half of the body weight and ensures the normal functioning of skin, mucous membranes, and internal organs of 

animals. The aim of this study is to develop a methodology for obtaining connective tissue equivalent from rabbits. 

Materials and Мethods. The study was conducted at Don State Technical University (DSTU) from November 13, 2023 

to March 17, 2025. The objects of the study were multipotent mesenchymal stem cells (MMSCs) and fibroblasts from 

adult male rabbits. Enzymatic methods were used to isolate MMSCs from the greater omentum and fibroblasts from the 

animal skin. Stable cell lines were obtained, and their differentiation potential was studied in vitro during myogenic and 

lipogenic induction. Connective tissue equivalents were created using 3D extrusion bioprinting, their morphological 

properties were studied by means of light, confocal, and electron microscopy. 

Results. Application of the sets of factors during induction ensured the adipogenic and myogenic differentiation of 

MMSCs. Adipogenic differentiation came along with formation of lipid droplets, while myogenic differentiation — with 

formation of myotubes. 3D bioprinting enabled creation of connective tissue equivalents with maintained cell viability, 

developing intercellular contacts, and active secretion for at least 72 hours. 

Discussion and Сonclusion. A new approach to obtaining connective tissue equivalents from rabbits was developed by 

optimizing MMSCs isolation and differentiation techniques. The resulting constructs demonstrated morphological and 

functional activity, thus, confirmed their potential for using in clinical veterinary medicine for regeneration of connective 

tissue and for experimental studies. 

Keywords: tissue engineering, cell culture, mesenchymal stem cells, MMSCs, tissue equivalent, bioequivalent, rabbit, 

lipoblasts, fibroblasts, transmission electron microscopy 
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Оригинальное эмпирическое исследование 

Разработка методики получения биоэквивалента соединительной ткани кролика 

С.Н. Головин 🖂, Е.Ю. Кириченко , Д.А. Седова  

Донской государственный технический университет, г. Ростов-на-Дону, Российская Федерация 

🖂labbiobez@yandex.ru 

Аннотация 

Введение. Клеточная терапия и тканевая инженерия обладают значительным потенциалом применения в ветеринарии, 

однако использование данных технологий в Российской Федерации в настоящее время ограничено из-за отсутствия 

стандартизированных протоколов выделения клеток, подбора доноров и создания тканевых эквивалентов. Особую 

актуальность для клинической ветеринарии имеет разработка методики получения биоэквивалента соединительной 

ткани, ведь она составляет до половины массы тела и является основой для нормального функционирования кожи, 

слизистых оболочек и внутренних органов животных. Цель исследования — разработать методику получения ткане-

вого эквивалента соединительной ткани кролика. 

Материалы и методы. Исследование проведено на базе ДГТУ в период с 13 ноября 2023 г. по 17 марта 2025 г. 

Объектом исследования выступили мультипотентные мезенхимальные стволовые клетки (ММСК) и фибробла-

сты взрослых самцов кролика. Ферментными методами были выделены ММСК из большого сальника и фиб-

робласты из кожи животных. Получены стабильные культуры клеток, исследован их дифференцировочный по-

тенциал при миогенной и липогенной индукции in vitro. С применением экструзионной 3D-биопечати созданы 

эквиваленты соединительной ткани, морфологические свойства которой изучены с помощью световой, конфо-

кальной и электронной микроскопии.  

Результаты исследования. Индукция наборами факторов обеспечила дифференцировку ММСК в адипо- и мио-

генном направлении. Адипогенная дифференцировка сопровождалась образованием липидных капель, миоген-

ная — формированием миотрубочек. 3D-биопечать позволила сформировать эквиваленты соединительной ткани 

с сохранением жизнеспособности клеток, развитием межклеточных контактов и активной секрецией в течение 

не менее 72 ч. 

Обсуждение и заключение. Разработан новый подход к получению тканевых эквивалентов соединительной 

ткани кролика благодаря оптимизации методов выделения и дифференцировки ММСК. Сформированные кон-

структы продемонстрировали морфофункциональную активность, что подтверждает перспективность их приме-

нения в клинической ветеринарии для регенерации соединительной ткани и в экспериментальных исследованиях. 

Ключевые слова: тканевая инженерия, культура клеток, мезенхимальные стволовые клетки, ММСК, тканевой 

эквивалент, биоэквивалент, кролик, липобласты, фибробласты, трансмиссионная электронная микроскопия 

Финансирование. Исследование выполнено при финансовой поддержке гранта Министерства науки и высшего 

образования РФ № FZNE-2024-0004. 

Для цитирования. Головин С.Н., Кириченко Е.Ю., Седова Д.А. Разработка методики получения биоэквивалента 

соединительной ткани кролика. Ветеринарная патология. 2025;24(3):43–52. https://doi.org/10.23947/2949-4826-

2025-24-3-43-52 

Introduction. Nowadays, cell technologies based on 

the use of cell cultures and tissue equivalents are being 

actively implemented in veterinary medicine. This can be 

explained by the need to reduce the ethical burden within 

the experimental research, by improvement of the in vitro 

experimental models, as well as by development of the 

regenerative medicine and implementation of the human 

medicine achievements into veterinary medicine [1, 2]. 

The benchmark for the development of this scientific 

field is implementation of the 3R bioethical principles — 

Replacement, Reduction, Refinement [3] — aimed at op-

timisation of the use of animals in experiment to stimulate 

transition to in vitro models [4]. Cell cultures and tissue 

equivalents used as experimental models represent prac-

tical implementation of these principles enabling not only 

to replace animals in research and reduce their number, 

but also to enhance accuracy and reproducibility of re-

sults through standardization [5]. 

A tissue equivalent (bioequivalent) is a bioengineered 

construct — an analogue of a tissue or organ. The key prop-

erties of a tissue equivalent are its cellular composition, the 

composition and properties of the intercellular substance, 

and a specific histotypic architecture [6]. 

Connective tissue constitutes approximately 50% of an-

imal body weight and performs critical functions: support-

ing-motor, reparative and metabolic. Its cells influence the 

differentiation of epithelial and muscle cells and angiogen-

esis. Connective tissue is involved in the most functions of 

the body in the normal condition, and is always involved in 

pathological processes and participates in regeneration [7]. 

mailto:labbiobez@yandex.ru
https://doi.org/10.23947/2949-4826-2025-24-3-43-52
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Therefore, the development and clinical implementation of 

connective tissue bioequivalents for the temporary or per-

manent replacement of defects and damages of native tis-

sues is highly requested in the regenerative medicine. 

Since 2025, the U.S. Food and Drug Administra-

tion  (FDA) has officially recommended the use of in vitro 

platforms for toxicologal studies and evaluation of the ef-

ficacy of new pharmacological agents emphasising that 

cell models, organoids, and tissue equivalents more accu-

rately reproduce the molecular and cellular mechanisms of 

pathogenesis, reduce inter-experimental variability, and in-

crease the predictive capacity of the data obtained [8, 9]. 

The integration of in vitro systems at the preclinical stage 

of drug development makes it possible to reduce the num-

ber of rejections at later stages of clinical trials and opti-

mize risk management when testing new therapeutic strat-

egies [5, 9]. Modern research confirms that the use of cell 

cultures provides reproducible and statistically reliable 

data using smaller groups of animals compared to the tra-

ditional in vivo models, which minimizes bioethical risks 

and increases the rationale of scientific approaches [5]. 

Alongside, the direction of modifying cellular systems is 

developing to create highly accurate models of specific pa-

thologies, including infectious, oncological and metabolic 

ones, which enables in detail study of the molecular mech-

anisms of pathogenesis and search for new targets for po-

tential medicinal compounds [10, 11]. 

In veterinary regenerative medicine, the use of multipo-

tent mesenchymal stem cells (MMSCs) is being actively im-

plemented for the treatment of osteoarthritis in horses and 

spinal injuries in dogs and cats [12]. The clinical efficacy of 

MMSCs has been verified in studies in dogs, where intra-

articular administration of autologous MMSCs improved the 

function of a joint and reduced pain [13, 14]. Similar results 

have been obtained in the treatment of horses with ligament 

injuries [14–16]. Stem cell therapy proved to be efficient in 

the treatment of acute and chronic skin lesions in dogs [12]. 

3D bioprinting technology is getting improved, this en-

ables creation of multilayer tissue constructs from cells and 

biocompatible polymers that are similar in architecture and 

mechanical properties to the native body tissues. The use 

of bioprinted implants for the restoration of bone defects in 

pets improves osseointegration and accelerates heal-

ing [17]. 3D bioprinted tissue constructs are used in screen-

ing and research within antitumor and radiation therapy in 

animals. Phantoms made from tissue equivalents can be 

used to measure and verify radiation dose distribution, en-

suring the accuracy of radiation treatment plans for pets 

and calibrating equipment [18]. 

In veterinary medicine, three-dimensional tissue equiv-

alents allow creating the personalized animal tumor models 

using various cells and biomarkers for the selection of tar-

geted chemotherapy and immunotherapy in the treatment 

of oncological diseases [12]. Also, tissue equivalents of 

skin and connective tissue, constructed from the appropri-

ate cell cultures and matrix, can be used to treat animal 

burns and are a promising direction in the treatment of 

wounds in animals in general [19, 12]. Significant experi-

ence in this field has been accumulated worldwide [20, 12], 

however, in the Russian Federation, there is still no pro-

duction of affordable tissue equivalents with cells for the 

treatment of wounds in both humans and animals, since 

standardized protocols for cell isolation, donor selection, 

and obtaining bioequivalents have not been yet developed. 

Thus, the aim of the study is to develop a methodology for 

creating connective tissue equivalents, which performs vi-

tal functions in the body, from rabbit biomaterials. 

Materials and Methods. The study was conducted 

from November 13, 2023, to March 17, 2025, at the Faculty 

of Bioengineering and Veterinary Medicine, DSTU (Ros-

tov-on-Don). All cell culture experiments were performed 

in the Cell Technologies Laboratory; the laboratory ani-

mals were maintained and handled in the faculty’s vivar-

ium in accordance with the acting regulations. 

Adult male Soviet Chinchilla breed rabbits 

(Oryctolagus cuniculus domesticus) served as donor ani-

mals (n=3). To isolate MMSCs, 2 g of adipose tissue frag-

ments were collected from the greater omentum via percu-

taneous biopsy; abdominal skin biopsies were used to iso-

late fibroblasts. To isolate MMSCs, fragments of greater 

omentum adipose tissue were incubated for 60 min in a 

0.2% collagenase solution in Dulbecco’s phosphate-buff-

ered saline (DPBS) at 37°C with constant stirring. After 

filtering the resulting suspension through a cell strainer, the 

cell fraction was pelleted by centrifugation. The pellet was 

transferred to culture flasks containing DMEM/F12 me-

dium supplemented with 10% fetal bovine serum (FBS) 

and 1 ng/ml recombinant basic human fibroblast growth 

factor-2. The isolated cell culture was subcultured for five 

passages and then cryopreserved. 

Fibroblasts were isolated from skin biopsies. After an-

tiseptic treatment, the biopsies were aseptically excised 

with scissors and transferred to a trypsin solution preheated 

to 37°C for 15 minutes to dissociate the cells. The cells 

were then pelleted by centrifugation, placed in culture 

flasks containing DMEM medium supplemented with 10% 

FBS, antibiotics, and antifungals, and incubated at 37°C 

with 5% CO2. Taking advantage of fibroblasts’ ability to 

rapidly adhere to the flask surface, to separate them from 

other cell types, the flasks were washed after 4 hours to 

remove unattached cells and replaced with fresh nutrient 

medium. The procedure was repeated after 2 hours, after 

which the isolated cells were cultured to a subconfluent 

monolayer. Fibroblast subculture was performed without 

the addition of antibiotics or antifungals. 

MMSCs were subjected to lipogenic and myogenic dif-

ferentiation. The first was used to obtain lipoblasts, which 
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are necessary for the formation of a bioequivalent of con-

nective tissue. Myogenic differentiation served as a marker 

of the multipotency of the isolated stem cells. 

DMEM medium containing 4 mg/l glucose, 10% FBS, 

1 μmol dexamethasone, 100 μmol indomethacin, 500 μmol  

3-isobutyl-1-methylxanthine, and 10 μg/ml insulin were used 

as adipogenic differentiation inducers [21]. The cells were ex-

posed to the inducers for 10 days, after which they were main-

tained in standard DMEM medium. As a negative differenti-

ation control, MMSCs were cultured in complete DMEM me-

dium without inducers. The formation of lipid droplets in the 

cell cytoplasm served as a differentiation marker [22]. 

DMEM medium containing 4 mg/l glucose, 10% FBS, 

10 μmol 5-azacytidine, and 50 μmol hydrocortisone were 

used to induce myogenic differentiation. The cells were ex-

posed to inducers for 15 days, after which they were main-

tained in standard DMEM medium. As a negative differen-

tiation control, MMSCs were cultured in complete DMEM 

medium without inducers. Cell fusion to form myotubes 

was considered a marker of myogenic differentiation [23]. 

An improved AI-based algorithm, YOLOv8S-seg, de-

veloped and described previously by us [24], was used to 

count cells at all stages of culture. 

A 3D bioprinting method was used to create connective 

tissue equivalents. To prepare the bioink, sodium alginate 

powder was sterilized under ultraviolet light in a biological 

safety cabinet for 40 minutes. The components were then 

dissolved in calcium- and magnesium-free DPBS at a con-

centration of 30 mg/ml. Three ml of the resulting hydrogel 

was transferred to a 5 ml syringe, and fibroblasts and lipo-

blasts were added at a 1:1 ratio, at a rate of 2 x 106 cells per 

1 ml of hydrogel, by mixing them between two syringes 

containing the hydrogel, connected by an adapter. 

The resulting bioink was transferred to the injector of a 

3D bioprinter assembled on the basis of Anet A8 (Anet, 

China) and modified in-house as described previously 

in [21], and the printing process was carried out according 

to a given digital model with the following parameters: ob-

ject dimensions 30 × 40 × 3 mm, layer height — 0.2 mm, 

number of perimeters — 0, number of solid layers at the 

bottom — 0, number of solid layers at the top — 0, fill — 

8%, fill type — rectilinear, fill angle — 90°, fill speed — 

10 mm/s, nozzle diameter — 0.2 mm, rod diameter — 1.2 

mm, extruder feed multiplier — 1.3. Printing was carried 

out in a microbiological safety cabinet at room temperature 

in Petri dishes. After printing, the resulting scaffolds were 

filled with CaCl2 solution (100 mg/ml) for 10 min to sta-

bilize the alginate. After hardening, the scaffolds were 

transferred to Petri dishes with DMEM medium and placed 

in a CO2 incubator at 37 °C for 72 h with the medium 

changed every 12 h. 

After 72 hours of incubation, samples were collected 

from random sections of the tissue equivalents for micro-

scopic analysis and prepared accordingly. The morpholog-

ical properties of the resulting tissue equivalents were ex-

amined using an Olympus BX53 light microscope (Olym-

pus, Japan), an Infinity Line confocal laser scanning mi-

croscope (Abberior Instruments, Germany), and a JEM-

1011 transmission electron microscope (Jeol, Japan). 

Results. The cell isolation and differentiation protocols 

used allowed us to obtain stable cell cultures that retained 

their phenotype and growth dynamics during subculture for 

25 passages for fibroblasts and lipoblasts and 12 passages 

for myosatellite cells (Fig. 1). 

The appearance of the Ca2+-stabilized construct after 

3D bioprinting is shown in Fig. 2. 

  

a) b) 

  

c) в) 

Fig. 1. Light microscopy of the obtained cell cultures, scale bar represents 200 µm: a — MMSCs; b — myosatellite cells;  

c — fibroblasts; d — lipoblasts 
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Fig. 2. Appearance of the 3D-bioprinted construct stabilized by Ca2+  

Figure 3 shows a micrograph of semi-thin sections of a 

fragment of the construct after 72 hours of cultivation. It 

contains round and spindle-shaped cells uniformly distrib-

uted within the matrix, with elongated processes and cyto-

plasmic outgrowths. 

Three-dimensional reconstruction of a SYTOX® 

Green-stained tissue equivalent fragment after 72 h of cul-

tivation (Fig. 4) demonstrates the integrity of cell nuclei 

and normal chromatin density

.  

Fig. 3. Semi-thin section of tissue equivalent after 72 hours of cultivation, stained with methylene blue  

 

Fig. 4. Confocal laser scanning microscopy of a fragment of the construct stained with SYTOX® Green. Three-dimensional 

reconstruction was performed using ImageJ (Rasband, 1997–2018)  
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Transmission electron microscopy data reveal the ultra-

structure of cells within the tissue equivalent and their in-

tercellular interactions (Figs. 5–6). Electron diffraction 

patterns reveal two cell types with ultrastructural charac-

teristics of fibroblasts and lipoblasts. Both cell types are 

spindle- or triangular-shaped, with branched, thin pro-

cesses directed primarily along the cell bodies. In addition 

to these processes, the cells have irregularly shaped cyto-

plasmic outgrowths. A high cell density within the con-

struct is also noted, indicating an increase in their number 

over 72 hours of cultivation, as such a density is unattaina-

ble at the initial concentration used during print-

ing (2 × 106 cells per 1 ml of hydrogel). The cells within 

the construct are tightly adjacent to each other and are in 

contact with the membranes of their cell bodies and pro-

cesses (Fig. 5). The cells contain regularly shaped nuclei 

with finely dispersed chromatin, with one or two large nu-

cleoli visible within the nuclei—a sign of fibroblast activ-

ity [25–27]. In some cases, the cell nuclei had invagina-

tions and protrusions of the karyolemma. The fibroblast cy-

toplasm is rich in organelles, reflecting a high level of in-

tracellular metabolism. Numerous mitochondria, rough en-

doplasmic reticulum, the Golgi complex, lysosomes, cen-

trioles, and multivesicular bodies are visible within the cy-

toplasm. The lipoblast cytoplasm contains numerous inclu-

sions in the form of rounded osmophilic droplets, further 

confirming the lipogenic differentiation of MMSCs. Cells 

have a well-developed network of endoplasmic reticulum, 

which occupies most of the cytoplasm and is visualized as 

stacks of convoluted tubes and elongated cisterns studded 

with ribosomes on the side facing the cytoplasm. Ribo-

somes not attached to the reticulum are also evenly distrib-

uted throughout the cytoplasm. 

 

Fig. 5. Transmission electron microscopy of cells within a tissue equivalent, contrasted with osmium tetroxide, lead citrate, and 

uranyl acetate, scale bar represents 2 µm: F — fibroblast, L — lipoblast, nucl. — nucleus, n. — nucleolus, 

r —rough endoplasmic reticulum, ld— lipid droplets  

Electron diffraction patterns of fibroblasts at higher 

magnification reveal activity of the Golgi complexes syn-

thesizing procollagen (Fig. 6 a). Dictyosomes, transport 

vesicles, and cisternae are visible within the Golgi com-

plexes. Some cisternae are dilated and filled with an os-

mium-dense, electron-dense substance resembling tan-

gled threads, likely procollagen molecules. The contents 

of the vesicles gradually condense and transform into 

transport vacuoles, which collect into secretory granules 

on the side of the Golgi complex facing the plasma mem-

brane. This pattern of Golgi complex activity also indi-

cates high secretory activity of the cells within the con-

struct for 72 hours. 

Another important visualized element of intercellular 

interaction is the presence of tight junctions (Fig. 6 a, b), 

which appear as two osmium-filamentous seals with an 

intercellular cleft at the junction of the membranes of ad-

jacent cells. A tight junction is a highly specialized, se-

lective barrier that ensures direct contact between the pro-

teins of two adjacent plasma membranes and allows 

groups of cells to function as structural units. Moreover, 

in the tissue equivalent sample, tight junctions were de-

tected both between cells of the same type (fibroblast/fi-

broblast and lipoblast/lipoblast) and between cells of dif-

ferent types: for example, Fig. 6 a, b shows a tight junc-

tion between a fibroblast and a lipoblast.
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а)  b) 

Fig. 6. Transmission electron microscopy showing signs of cell proliferation within the printed tissue equivalent after 72 hours of 

cultivation, contrasted with osmium tetroxide, lead citrate, and uranyl acetate, the a scale corresponds to 2 μm, the b scale to 0.5 μm. 

a — ultrastructure of the active fibroblast region. The center of the electron diffraction pattern is occupied by the Golgi complex 

region. Asterisks mark spherical expansions. The Golgi complex cisterns contain osmium-dense material in the form of tangled 

threads, which may be procollagen molecules. Vesicles with condensed contents are indicated by thin arrows: nucl. — nucleus,  

n — nucleolus, g — Golgi complex, m — mitochondrion, r — rough endoplasmic reticulum, ld — lipid droplets  

A well-developed endoplasmic reticulum network [28], 

high activity of the Golgi apparatus [29], and numerous ri-

bosomes indicate active protein synthesis processes and 

confirm the viability and good survival of cells within the 

tissue equivalent for at least 72 hours of cultivation. Trans-

mission electron microscopy data also confirm the pres-

ence of cell differentiation markers: lipid droplets in lipo-

blasts and procollagen molecules in fibroblasts. 

Discussion and Conclusion. This study developed a 

novel tissue-engineering method for producing cultured 

3D connective tissue equivalents using differentiated rab-

bit MMSCs and 3D bioprinting. In vitro exposure of rab-

bit MMSCs to a set of inducers, including DMEM me-

dium containing 4.5 g/l glucose, 10% FBS, 1 μM dexa-

methasone, 100 μM indomethacin, 500 μM 3-isobutyl-1-

methylxanthine, and 10 μg/mL insulin, resulted in their 

adipogenic differentiation, the functional marker of 

which was the formation of lipid droplets. In vitro expo-

sure of rabbit MMSCs to a set of inducers, including 

DMEM medium containing 4.5 g/l glucose, 10% FBS, 10 

µM 5-azacytidine, and 50 µM hydrocortisone, induced 

their myogenic differentiation, the functional marker of 

which was myotube formation. The 3D extrusion bi-

oprinting method ensured the formation of three-dimen-

sional connective tissue equivalents, in which differenti-

ated rabbit cells maintained viability and metabolic activ-

ity, forming tight junctions and secretory vesicles for at 

least 72 hours. Morphological analysis of the resulting bi-

oequivalent, including confocal and transmission electron 

microscopy, confirmed the viability and high metabolic 

activity of the cells, indicating their potential to maintain 

the functionality of the construct. 

The proposed method for creating tissue equivalents 

can be widely used: in clinical veterinary medicine for the 

treatment of connective tissue defects and injuries; in ex-

perimental veterinary medicine, as a model for studying the 

patterns of morphogenesis, cyto-, histo-, and organogene-

sis, cell differentiation and intracellular structures, intercel-

lular interactions, regenerative processes in individual de-

velopment, and their adaptation to the effects of exogenous 

and endogenous factors in animals at the macro-, micro-, 

and ultrastructural levels using morphological and other re-

search methods; screening of new medicinal compounds; 

and as phantoms for developing approaches in radiation 

therapy and diagnostics. Furthermore, this method can be 

transferred to the development of cultured meat products, 

as it enables production of a final product with properties 

identical to those of productive animal tissues, including 

structural integrity and organoleptic properties. 

A clear disadvantage of this technology is its high cost 

and the technological complexity of large-scale cell culti-

vation in standard laboratories. This high cost is primarily 

due to the most expensive component of the culture me-

dium—fetal bovine serum. Despite numerous attempts to 

produce serum-free media and find serum substitutes, their 

efficiency in cultivation is currently inferior to that of se-

rum. To reduce costs and optimize large-scale cell cultiva-

tion, it is advisable to use bioreactors, which, combined 

with the use of a 3D bioprinter, increases the skill require-

ments of operators. 
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The technological advantages of this method include 

the possibility of standardization and high reproducibility, 

which are ensured by the conditions of 3D bioprinting: the 

cell concentration in the hydrogel and their distribution 

within the construct will be consistent throughout repro-

duction, since printing is performed according to a prede-

termined digital template and its parameters are controlled 

at the hardware and software levels. The use of artificial 

intelligence-based algorithms for cell cultivation control 

significantly mitigates the influence of the human factor on 

the final result. 
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Inactivated Emulsion Vaccine against Infectious Bovine 

Rhinotracheitis (IBR), Bovine Viral Diarrhea/Mucosal Disease (BVD), Bovine 

Parainfluenza Virus 3 (BPIV-3) and Chlamydia in Cattle”  
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Abstract 

Introduction. Infectious respiratory and intestinal diseases in cattle are multifactorial diseases, which explains the asso-

ciated viral or viral-bacterial etiology of the infection among productive livestock. Combating associated respiratory and 

intestinal infections in cattle is carried in the vast majority of countries in the world and requires efficient measures and 

medications. The aim of the present research is conducting the preclinical trials in white mice and rabbits of the experi-

mental series of the “Associated inactivated emulsion vaccine against IBR, BVD, BPIV-3 and chlamydia in cattle” im-

proved by expanding the chlamydial antigen spectrum. 

Materials and Methods. The trials were conducted in the Animal Viral Disease Laboratory of the Federal Center for 

Toxicological, Radiation, and Biological Safety (Kazan) from February to November 2024. Two versions of the biophar-

maceutical were produced: a standard associated vaccine and an experimental vaccine with the AMK-16 and MZ-89 

strains added to the chlamydial antigen. White mice and rabbits served as laboratory animals. The vaccines were evaluated 

for sterility, safety, tolerability, antigenic activity, impact on antiviral humoral immunity and immunogenicity. 

Results. Both versions of the associated vaccine had proved to be sterile, harmless, and well-tolerated by laboratory 

animals. Changing the chlamydial antigen composition of the associated vaccine did not have an adverse effect on the 

development of antiviral humoral immunity in laboratory animals. The level of specific anti-chlamydial antibodies in 

rabbits vaccinated with the improved vaccine was higher than in the group of rabbits vaccinated with the standard tech-

nology vaccine. The protection index in the group of white mice vaccinated with the improved vaccine was 1.3 times 

higher than that with the standard vaccine. 

Discussion and Conclusion. Based on the data obtained, it can be concluded that the improved associated vaccine, the same 

as the standard one, is well tolerated by laboratory animals. Expansion of the chlamydial antigen spectrum of the “Associated 

vaccine against IBR, BVD, BPIV-3 and Chlamydia in cattle” by adding additional strains did not have any negative effect 

on the development of antiviral humoral immunity in laboratory animals, but on the contrary had stimulated the development 

of a humoral response to the chlamydial antigen, thus, boosting the vaccine immunogenicity by 1.3 times. 

Keywords: preclinical trials, associated vaccine, antigen, immunogenicity, strains, chlamydia, IBR, BPIV-3, BVD, cattle, 

white mice, rabbits 
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Доклинические испытания усовершенствованной «Ассоциированной вакцины против 

ИРТ, ВД-БС, ПГ-3 и хламидиоза крупного рогатого скота инактивированной 

эмульсионной» на белых мышах и кроликах 
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Аннотация 

Введение. Инфекционные респираторно-кишечные болезни крупного рогатого скота являются многофактор-

ными заболеваниями, что обуславливает ассоциированную вирусную или вирусно-бактериальную этиологию те-

чения инфекционного процесса среди различного поголовья продуктивных животных. Борьба с респираторно-

кишечными ассоциированными инфекциями крупного рогатого скота ведется в подавляющем большинстве 

стран мира и требует эффективных мер и препаратов. Целью исследования явились доклинические испытания 

экспериментальной серии «Ассоциированной вакцины против ИРТ, ВД-БС, ПГ-3 и хламидиоза крупного рога-

того скота инактивированной эмульсионной», усовершенствованной за счет расширения спектра хламидийного 

антигена, на белых мышах и кроликах.  

Материалы и методы. Испытания проведены в лаборатории вирусных заболеваний животных ФГБНУ 

«ФЦТРБ-ВНИВИ» (г. Казань) в период с февраля по ноябрь 2024 г. Были изготовлены два варианта биопрепа-

рата: стандартная ассоциированная вакцина и экспериментальная, в состав хламидийного антигена которой были 

добавлены штаммы «АМК-16» и «МЗ-89». В качестве лабораторных животных выступили белые мыши и кро-

лики. Вакцины оценивались на стерильность, безвредность, переносимость, антигенную активность, влияние на 

формирование гуморального противовирусного иммунитета, иммуногенность.  

Результаты исследования. Было доказано, что оба варианта ассоциированной вакцины стерильны, безвредны 

и хорошо переносятся лабораторными животными. Изменение состава хламидийного антигена ассоциированной 

вакцины не оказало негативного влияния на формирование противовирусного гуморального иммунитета у лабо-

раторных животных. Уровень специфических противохламидийных антител у кроликов, иммунизированных 

усовершенствованной вакциной, был выше, чем в группе кроликов, привитых препаратом, изготовленным по 

стандартной методике. Индекс защиты в группе белых мышей, привитых усовершенствованным препаратом, был 

в 1,3 раза выше, по сравнению со стандартным образцом. 

Обсуждение и заключение. На основании полученных данных можно заключить, что усовершенствованная ассо-

циированная вакцина, как и стандартная, хорошо переносится лабораторными животными. Расширение спектра 

хламидийного антигена «Ассоциированной вакцины против ИРТ, ВД-БС, ПГ-3 и хламидиоза крупного рогатого 

скота» дополнительными штаммами не только не оказало негативного эффекта на формирование гуморального 

противовирусного иммунитета у лабораторных животных, но более того — стимулировало выработку гумораль-

ного ответа в отношении хламидийного антигена, способствуя повышению иммуногенности вакцины в 1,3 раза.  

Ключевые слова: доклинические испытания, ассоциированная вакцина, антиген, иммуногенность, штаммы, 

хламидии, ИРТ, ПГ-3, ВД-БС, крупный рогатый скот, белые мыши, кролики 
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Доклинические испытания усовершенствованной «Ассоциированной вакцины против ИРТ, ВД-БС, ПГ-3 и хла-

мидиоза крупного рогатого скота инактивированной эмульсионной» на белых мышах и кроликах. Ветеринарная 
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Introduction. Infectious respiratory and intestinal dis-

eases in young cattle represent a serious problem for live-

stock farms throughout Russia. The etiology of these pathol-

ogies typically involves multiple pathogens simultaneously, 

representing stable associations of viral and bacterial agents 

that cause diseases of various manifestations and severity 

[1–3]. Combating associated respiratory and intestinal infec-

tions in cattle is carried out in the livestock industry in the 

vast majority of countries worldwide [3–5]. An important 

factor determining the need to improve methods of combat-

ing, as well as preventing the respiratory and intestinal in-

fections, is the economic reason: livestock complexes suffer 
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enormous financial losses due to the widespread prevalence 

of associated infections among livestock [6, 7].  

Viral pathogens typically cause a primary infection, 

which initially proceeds in a mild form: at this stage, the 

immune system is suppressed, which subsequently leads to 

increased susceptibility to secondary bacterial infections 

[6, 8–10]. However, in some cases, the infectious process 

development algorithm may be changed, and the pathogens 

causing the primary infection are represented by the bacte-

ria, which typically are capable of long-term persistence in 

the infected organism without causing pronounced clinical 

signs of infection, e.g. chlamydia [11]. 

Chlamydia are obligate intracellular parasites with a 

unique two-stage development cycle [12]. These microor-

ganisms are capable of infecting a huge number of animal 

species. The course of the infectious process in chlamydio-

sis, even in different populations of the same animal spe-

cies, is usually not systematic [13], which is due to the evo-

lutionary ability of this type of microorganism to affect 

various organ systems of animals, causing various clinical 

signs of the disease (pneumonia, arthritis, conjunctivitis, 

encephalitis, etc.). In addition, chlamydia can be transmit-

ted from one animal species to another, which also plays a 

significant role in widespreading this infection among do-

mestic and wild animals [14, 15]. 

The most common viral pathogens in the Russian Fed-

eration are those causing infections such as infectious bo-

vine rhinotracheitis (IBR), bovine parainfluenza virus  

3 (BPIV-3), bovine viral diarrhea (BVD) [16, 17]. Previ-

ously, a team of scientists from the Federal Center for Tox-

icological, Radiation, and Biological Safety (Kazan) devel-

oped an “Associated Inactivated Emulsion Vaccine against 

Infectious Bovine Rhinotracheitis (IBR), Bovine Viral Di-

arrhea/Mucosal Disease (BVD), Bovine Parainfluenza Vi-

rus 3 (BPIV-3) and Chlamydia in Cattle” [17]. The anti-

genic composition of this biopreparation included one 

strain each of the IBR, BPIV-3, and BVD viruses, and the 

Chlamydia psittaci “250” strain isolated from cattle. 

As a result of long-term applied and fundamental re-

search into chlamydial infections in animals it was estab-

lished that different strains of chlamydia of the same spe-

cies, isolated from the same animal species or from other 

farm animals with various pathologies, differ from each 

other antigenically. These differences in the biochemical 

and genetic structure of chlamydia directly correlate with 

the immunogenicity of different strains relative to each 

other [18]. Chlamydia’s capacity for horizontal gene trans-

fer among different species of this pathogen has also been 

established, allowing some chlamydial strains to contain in 

their biochemical composition the antigenic epitopes spe-

cific to other species of this pathogen [19]. 

We previously studied the antigenic and immunogenic 

properties of various chlamydia strains isolated on the ter-

ritories of different subjects of the Russian Federation [18, 

20, 21]. In the frame of our research, we constructed a new 

antigenic composition consisting of the three most immu-

nogenic and antigenically distinct chlamydia strains iso-

lated from different animal species. Furthermore, follow-

ing whole-genome sequencing and subsequent bioinfor-

matics analysis of the nucleotide sequence of the chromo-

some of one of the strains included in the new antigenic 

composition, it was established that this strain contains an-

tigenic epitopes specific to two chlamydia species at 

once—Chlamydia psittaci and Chlamydia abortus [22]. 

Therefore, using a new chlamydial antigen composition in 

a new associated vaccine including three chlamydia strains 

should have good prospects and was implemented. 

Thus, the composition of the “Associated vaccine against 

IBR, BVD, BPIV-3 and Chlamydia in cattle” was supple-

mented with antigens from two additional chlamydia strains: 

“AMK-16” (causative agent of arthritis and abortion in 

goats) and “MZ-89” (causative agent of meningoencephali-

tis in calves). However, the quantitative ratio of antigens 

from different pathogens in the vaccine remained un-

changed. Preclinical trials in laboratory animals were aimed 

at determining the effect of the chlamydial antigen compo-

sition change on the properties of the “Associated vaccine 

against IBR, BVD, BPIV-3 and Chlamydia in cattle”. 

Materials and Methods. The study was conducted at 

the Animal Viral Diseases Laboratory of the Federal Cen-

ter for Toxicological, Radiation, and Biological Safety 

(Kazan) from February to November 2024. 

Strains. The following virus and chlamydia strains were 

used: 

– VK-1 strain of the BVD virus, infectious titer 10-
6.87TCID50/

ml; 

– TK-A (VIEV)-B-2 vaccine strain of the IBR virus of 

cattle; 

– PTK-45/86 reference strain of the BPIV-3 virus of 

cattle; 

– Chlamydia psittaci strain “AMK-16”, isolated from 

pathological material of an aborted goat; 

– Chlamydia psittaci strain “250”, isolated from patho-

logical material of an aborted cow; 

– Chlamydia psittaci strain “MZ-89”, isolated from the 

brain of a calf with the encephalitic form of chlamydial in-

fection; 

– Chlamydia psittaci strain “RS-85”, isolated from 

pathological material from an aborted sow.  

Nutrient media. The sterility of the biopreparations was 

assessed by plating them on the following nutrient media: 

meat-peptone agar (MPA); meat-peptone broth (MPB); 

meat-peptone liver broth and Sabouraud medium. The fol-

lowing nutrient media were used for culturing and main-

taining the cell culture: synthetic medium 199; Hanks' bal-

anced solution; fetal bovine serum manufactured by the 

All-Russian Research Institute of Veterinary Medicine; 

Eagle's medium MEM (Minimum Essential Medium) with 

glutamine, pH 7.5–7. 
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Cell cultures. Viruses were cultured using continuous 

bovine kidney cell culture (MDBK). 

Biological models. Chlamydia biomass was obtained 

by infecting chicken embryos with chlamydia strains into 

the yolk sac. 

Laboratory animals. White mice and rabbits. 

During experimental animal experiments, the require-

ments of Directive 2010/63/EU of the European Parliament 

and of the Council of 22 September 2010 on the protection 

of animals used for scientific purposes were observed. An-

imals were maintained in optimal conditions and had free 

access to feed and water. 

Reagents and Test Systems. Serological studies were 

conducted using the following diagnostic test systems: 

– “Set of Antigens and Sera for the Serological Diag-

nosis of Chlamydia in Farm Animals" (ROSS 

RU.FV01.N00022) manufactured by the Federal Center 

for Toxicological, Radiation, and Biological Safety of the 

All-Russian Research Institute of Veterinary Medicine 

(Kazan); 

– “Kit for the Diagnosis of Bovine Parainfluenza-3” 

(Kursk Biofactory – “BIOK” Firm); 

– “Kit for the Detection of Antibodies to the Infectious 

Bovine Rhinotracheitis Virus by the Enzyme Immuno-

sorbent Assay "IBR-SEROTEST" (LLC “Vetbiokhim”, 

Moscow); 

– “Kit for the Enzyme Immunosorbent Assay of Bovine 

Viral Diarrhea – Mucosal Disease (BVD) in Cattle” 

(VIEV, Moscow). 

Vaccine composition. Two variants of the associated vac-

cine with different antigen compositions were prepared for the 

study. The first (standard) batch of the biopreparation in-

cluded the following virus strains: BPIV-3 — PTK-45/86", 

BVD — "VK-1", IBR — "TK-A (VIEV)-V-2", and chla-

mydia — "250". The second (experimental) batch of the vac-

cine used similar virus strains, and two more strains — 

"AMK-16" and "MZ-89" — were added to the chlamydial an-

tigen. The antigens of all strains in the chlamydial antigen 

were in equal proportions. In both finished vaccine variants, 

the virus and chlamydia antigens were presented in an equal 

ratio: BPIV-3, IBR, BVD, and chlamydia in a ratio of 1:1:1:1. 

Oil-lanolin adjuvant (OLA) was used as an auxiliary compo-

nent in the production of each vaccine batch. The vaccine 

emulsion was a water-in-oil system. 

Methods. Vaccine sterility was determined in accord-

ance with "OFS 1.2.4.0003.15 General Pharmacopoeia 

Monograph. Sterility" (Section 2.3) using the direct inocu-

lation method. 

The safety of the experimental preparations was deter-

mined in accordance with GOST 31926. For each vaccine 

batch, groups of 15 white mice aged 2 to 3 months and 

weighing 18 to 25 g were formed. Prepared samples of the 

test preparations were administered intraperitoneally to the 

animals in a volume of 0.25 cm³. Subsequently, for 10 days 

after vaccine administration, daily clinical examinations of 

the vaccinated animals were conducted to identify sick or 

dead animals. The vaccine was considered safe if no dete-

rioration in the general condition of the animals or deaths 

were recorded during the entire observation period. 

To evaluate the vaccine tolerance and antigenic activ-

ity, 12 rabbits were divided into three groups of four ani-

mals each. The first group of animals was vaccinated with 

the standard vaccine series, while the second group was 

vaccinated with the experimental vaccine series. Animals 

in the third group were not vaccinated and served as con-

trols. The animals were administered 0.5 cm3 of the biolog-

ical preparations intramuscularly into the thigh. 

The following parameters were taken into account 

when assessing the vaccine tolerance of the rabbits: 

– General condition of the animals; 

– General body temperature after vaccination; 

– Presence of a local reaction at the injection site; 

– Changes in appetite after vaccination; 

– Behavioral reactions. 

Vaccine tolerance was assessed during the first 10 days 

after immunization. The above-mentioned parameters 

were recorded and recorded daily during clinical examina-

tions of the animals. Body temperature was measured using 

a mercury thermometer. General condition was assessed 

visually, focusing on the animals' posture, coat, and gait. 

Animal appetite was assessed by the presence or absence 

of food in the feeders after feeding. Vaccine tolerance was 

assessed by the absence of local or systemic reactions to 

the administration of the biopreparation. 

The antigenic activity of the vaccines was assessed us-

ing serological tests. Serum samples were collected sys-

tematically from the animals studied over a period of 6 

months (on days 30, 60, 90, and 180 post-vaccination). The 

concentration of antibodies specific to the BPIV-3 virus 

was determined using the hemagglutination inhibition 

test (HIT). The level of anti-chlamydial antibodies in the 

sera of immunized animals was determined using the com-

plement fixation test (CFT). Specific antibodies to the IBR 

and BVD viruses were determined using an enzyme-linked 

immunosorbent assay (ELISA). 

The ability of the vaccines to induce anti-chlamydial 

immunity in immunized animals was determined in an 

acute experiment on white mice (n=180). For each vaccine 

series, four experimental (eight experimental groups in to-

tal) and four control groups of laboratory animals were 

formed, each containing 15 animals. Animals in the exper-

imental groups were administered the test drugs subcuta-

neously in a volume of 0.2 cm3. On the 30th day after im-

munization, animals in all groups were infected with vari-

ous chlamydia strains. The first experimental groups of 

mice were infected with the “AMK-16” strain, the second 

with the “RS-85” strain, the third with the “250” strain, and 

the fourth with the “MZ-89” strain. The control groups 

were infected in a similar manner. 
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The immunogenicity of biopreparations was assessed 

by the protection index, which was calculated using the for-

mula: 

Х =
А

В
   (1) 

where Х — Protection index; А — number of dead animals 

in control groups; В — number of dead animals in vac-

cinated groups. 

To confirm the chlamydial etiology of the deaths of in-

fected mice, smears were examined using a light immer-

sion microscope (Nikon Eclipse, Japan). Smears were pre-

pared from the internal organs of dead animals and stained 

using a modified Stemp method. 

Results. Inoculation of two vaccine samples (improved 

and standard) onto MPA, MPB, MPPPB, and Sabouraud 

nutrient media revealed no microbial growth on the media 

during the observation period, confirming the sterility of 

the test preparations. 

Administration of the experimental and standard vac-

cine samples to white mice did not cause any adverse reac-

tions or negative pathological processes during the obser-

vation period, indicating the safety of the preparations. 

Observations of immunized and intact rabbits during 

the vaccine tolerance study revealed that the average body 

temperature of the animals in the two experimental groups, 

vaccinated with different variants of the associated vac-

cine, and the control group remained virtually unchanged 

throughout the study, ranging from 38.8°C to 39.0°C. All 

parameters were within normal physiological limits. 

Daily clinical examinations of immunized rabbits re-

vealed no pathological conditions. The animals' general con-

dition was satisfactory, their appetite was maintained, and 

there were no abnormal behavioral reactions. A slight swell-

ing was observed at the injection site of the biological prep-

arations in animals in the experimental groups. This swelling 

resolved within 10–15 days after vaccination, which is ac-

ceptable for immunization with emulsion vaccines. 

To determine the effect of the vaccine on the development 

of post-vaccination humoral immunity, serological studies 

were conducted to determine the levels of specific antibodies 

to the antigens used in the experimental and standard vaccines 

in the blood of rabbits at various times after immunization. 

The serological results are presented in Table 1. 

Table 1 shows that vaccination of rabbits with both bi-

opreparations induced the production of both antiviral and 

antichlamydial antibodies. On the 30th day after vaccina-

tion, the level of immunoglobulins specific to the parain-

fluenza-3 virus in animals immunized with the standard 

preparation varied within titers from 1:80 to 1:320. In all 

rabbits immunized with the experimental preparation, titers 

of antibodies to the BPI-3 virus were equal to 1:160 at this 

time point. The average titers of immunoglobulins to the 

BPI-3 virus in the two groups were equal to a titer of 1:160. 

The concentration of antiviral antibodies specific to the in-

fectious rhinotracheitis virus in the two groups on the 30th 

day of the study was within titers from 1:400 to 1:1600. 

No significant differences were observed in the devel-

opment of humoral immunity to the BVD virus. On day 30 

of the study, immunoglobulins specific to this virus ranged 

in titers from 1:800 to 1:1600. A slight difference was ob-

served on day 30 post-vaccination in the development of 

humoral anti-chlamydial immunity. In the group immun-

ized with the standard preparation, the concentration of 

complement-fixing immunoglobulins in all animals was at 

a titer of 1:20. In the group of animals immunized with the 

experimental preparation, the mean antibody titer was 

slightly higher, at 1:30. 

It should be noted that the lowest concentration of both 

antiviral and antichlamydial immunoglobulins was de-

tected on the 30th day after vaccination. Over the next two 

months, an increase in the concentration of antibodies spe-

cific to all antigens included in the associated vaccine was 

observed in the blood serum of immunized animals. Thus, 

on the 90th day, average antibody titers to the BPIV-3 virus 

in the HI assay were established at 1:1440 and 1:1600 for 

the standard and experimental vaccine variants, respec-

tively. Average titers of specific antibodies to the IBR virus 

in the ELISA during this period were within the titers of 

1:5600 for the standard vaccine sample and 1:5200 for the 

experimental one. On the 90th day after vaccination, aver-

age titers of antiviral antibodies to the BVD virus in both 

groups equaled a titer of 1:3600. 

A somewhat different picture was observed when stud-

ying blood sera with chlamydial antigen, where a signifi-

cant difference was found between antibody levels in the 

two groups of vaccinated rabbits. Thus, the average anti-

body titer in the serum with chlamydial antigen in the 

group of animals vaccinated with the standard bioprepara-

tion sample was 1:60, while in the group of laboratory an-

imals immunized with the experimental preparation, the 

average titer was higher, at 1:100. It should be noted that 

this pattern was also observed at other study time points, 

on days 60 and 180. 

By day 180, the concentration of antiviral and antichla-

mydial antibodies in the blood serum of immunized ani-

mals began to decline in both groups, but was still higher 

in the experimental group. However, no significant differ-

ence was detected between antibody levels to specific an-

tigens across the groups, with the exception of the chla-

mydial antigen, for which higher antibody levels were de-

tected in the group of animals vaccinated with the experi-

mental variant.  

Figures 1, 2, 3, and 4 show the dynamics of average 

specific antibody titers to viral and chlamydial antigens 

over the entire observation period (for clarity, the titers are 

shown separately for each antigen). 
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Table 1 

Testing in rabbits the antigenic activity of the standard and experimental versions of the “Associated vaccine against 

IBR, BVD, BPIV-3 and Chlamydia in cattle” 

Antigen / Test Vaccine variant Animal number Antibody titers  

30th day 60th day  90th day 180th day 

BPIV-3/HI test 

Standard 

1 1:80 1:1280 1:1280 1:1280 

2 1:80 1:640 1:1280 1:1280 

3 1:160 1:640 1:640 1:640 

4 1:320 1:640 1:2560 1:2560 

Mean titer   1:160 1:800 1:1440 1:1440 

Experiment 

1 1:160 1:1280 1:1280 1:1280 

2 1:160 1:1280 1:2560 1:2560 

3 1:160 1:640 1:1280 1:640 

4 1:160 1:320 1:1280 1:640 

Mean titer  1:160 1:880 1:1600 1:1280 

IBR /ELISA  

Standard 

1 1:1600 1:3200 1:6400 1:6400 

2 1:400 1:3200 1:3200 1:3200 

3 1:800 1:1600 1:6400 1:3200 

4 1:800 1:1600 1:6400 1:6400 

Mean titer 1:900 1:2400 1:5600 1:4800 

Experiment 

1 1:400 1:400 1:1600 1:1600 

2 1:400 1:1600 1:6400 1:3200 

3 1:1600 1:3200 1:6400 1:6400 

4 1:1600 1:3200 1:6400 1:6400 

Mean titer  1:1000 1:2100 1:5200 1:4400 

BVD /ELISA  

 

Standard 

1 1:1600 1:6400 1:6400 1:3200 

2 1:1600 1:1600 1:3200 1:6400 

3 1:800 1:800 1:1600 1:1600 

4 1:800 1:1600 1:3200 1:1600 

Mean titer  1:1200 1:2600 1:3600 1:3200 

Experiment 

1 1:800 1:1600 1:3200 1:800 

2 1:1600 1:3200 1:3200 1:3200 

3 1:1600 1:3200 1:6400 1:6400 

4 1:800 1:800 1:1600 1:1600 

Mean titer  1:1200 1:2200 1:3600 1:3000 

Chlamydia /CF- test 

Standard 

1 1:20 1:20 1:80 1:80 

2 1:20 1:20 1:40 1:40 

3 1:20 1:20 1:80 1:80 

4 1:20 1:40 1:40 1:40 

Mean titer  1:20 1:20 1:60 1:60 

Experiment 

1 1:20 1:40 1:80 1:80 

2 1:40 1:80 1:160 1:80 

3 1:20 1:20 1:80 1:80 

4 1:40 1:40 1:80 1:80 

Mean titer  

 
1:30 1:45 1:100 1:80 
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Fig. 1. Mean titers of antiviral antibodies specific to the causative agent of BPIV-3 

 

  

Fig. 2. Mean titers of antiviral antibodies specific to the causative agent of IBR  

 

 

Fig. 3. Mean titers of antiviral antibodies specific to the causative agent of BVD 
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 Fig. 4. Average/Mean titers of antichlamydial antibodies  

The presented data (Figs. 1, 2, 3, and 4) indicate that 

altering the chlamydial antigen composition in the associ-

ated vaccine did not negatively impact the development of 

humoral antiviral immunity, but did increase the produc-

tion of specific antichlamydial antibodies in the blood sera 

of vaccinated animals. 

To determine the effect of the improved vaccine on im-

munogenicity, an acute experiment was conducted on la-

boratory white mice. The first and second groups of ani-

mals were immunized with the modified vaccine and the 

standard sample, respectively. All groups of animals were 

then challenged with four commercial chlamydia strains. 

The results of these studies are presented in Table 2. 

Table 2 

Immunogenicity study of standard and experimental vaccine samples in an acute experiment in white mice 

Batch number of the 

vaccine for 

immunization 

Strain for infection 
Number of dead 

animals 
Surviving animals Protection index 

Standard 

“250” 4 11 3,5 

“PS-85 

(РС-85)” 

3 12 4,3 

“АМК-16” 4 11 3,75 

“MZ-89 

(МЗ-89)” 

3 12 4,7 

Total accross groups 14 46 4 

Experiment 

“250” 3 12 4,7 

“PS-85 

(РС-85)” 

2 13 6,5 

“АМК-16” 2 13 7,5 

“MZ-89 

(МЗ-89)” 

2 13 7 

Total accross groups 9 51 6,2 

Control 

“250” 14 1 – 

“PS-85 

(РС-85)” 

13 2 – 

“АМК-16” 15 – – 

“MZ-89 

(МЗ-89)” 

14 1 – 

Total accross groups 56 4 - 

As shown in Table 2, 46 of the 60 mice vaccinated with the standard vaccine survived infection with four 
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chlamydia strains. The protection indices in the groups of 

white mice after infection with chlamydia pathogens 

ranged from 3.5 to 4.7. The average protection index 

across the four groups of white mice vaccinated with the 

standard vaccine was 4. 

In the groups of mice vaccinated with the improved as-

sociated vaccine, the number of surviving animals was sig-

nificantly higher (51). The protection indices for infection 

with different chlamydia strains ranged from 4.7 to 7.5. 

The average protection index across all groups infected 

with different chlamydia strains and vaccinated with the 

improved vaccine was 6.2, which is 1.3 times higher than 

that of the standard vaccine. 

In the control groups, after infection with a virulent cul-

ture of chlamydia of different strains, only 4 (6.7%) of 60 

white mice remained alive. 

Discussion and Conclusion. Data obtained during pre-

clinical trials of the improved “Associated inactivated 

emulsion vaccine against IBR, BVD, BPIV-3 and Chla-

mydia in cattle”, make it possible to assertain that it is as 

well tolerated by laboratory animals as the standard vac-

cine. Altering the chlamydial antigen composition of the 

vaccine does not adversely affect the development of hu-

moral antiviral immunity in laboratory animals. On the 

contrary, adding two chlamydia strains to the vaccine stim-

ulates the development of a humoral response to the chla-

mydial antigen and increases the vaccine’s immunogenic-

ity by 1.3 times compared to the standard vaccine. 
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