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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 compaosition 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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, A.IL. 3enenkon’?

AHHOTALUA

Beeoenue. Hematons poaa Trichinella — Bo3Oyaurenu TpuxuHemiesa, IOpaXKaroIIero MOACH U )KUBOTHBIX U HAHOCS-
IIIEr0 3HAYMTENbHBII SKOHOMUYECKUH yIepO CcelbCKOMY XO3SHCTBY U MUIIEBOH MPOMBIIIICHHOCTH, OCOOCHHO B cepe
0e30MacHOCTH MPOAYKTOB MUTaHus. B HacTosiee Bpems poxa Trichinella Bkirogaer 10 BumoB 1 3 reHOTHIIA, KOTOPBIC
pasaersioTes Ha 2 KIIajbl: Karcyaoo0pasyroue u OeckancyabHble. LIUpKYIAIMsS TPUXUHET B JUKOH OPHPOJIE TIPOHC-
XOIIUT MPH YIACTHUH OOIIHPHOTO KPyra )KUBOTHBIX -TPUXHUHEIUIOHOCUTEICH, i 6apCYK SBISICTCS OJHUM M3 OCHOBHBIX MPH-
POMAHBIX pe3epByapoB 3aboieBaHus. B crarbe MPHUBOIATCS CBENCHUSI O MEPBOM CiIydae OOHAPYKECHUS THIMHOK TPUXH-
Hesn y 6apcyka B PocToBckoit oGnacTH.

Mamepuanst u memoowvt. OOEKTOM HCCICAOBAHMS ITOCITYKHJIa TylIa 6apcyka, 100bITasi oxoTHUKaMu B 11lonoxoBckoM
paiione PocTtoBckoii obmactu B aBrycre 2024 r. BrisiBneHrEe U H3Y9eHUE IMIUHOK U KaIICyJl B 00pa3axX MpOBOIIIN Me-
TOZOM KOMIIPECCOPHON TPHXHUHEIIOCKONNH. B manpHeimeM n3 oTaeIbHBIX MBI OBUT H3TOTOBJICHBI THCTOJIOTHYECKUE
Cpe3bl, KOTOPBIC OKPALIHBAIMCh FEMaTOKCHIIMHOM U 903HHOM I10 CTAaHIAPTHOH METOIHUKE.

Pesyaivmamot uccnedosanus. Kancynsl TpuxuHe U1 ObUTH 0OHAPYKEHBI BO BCEX UCCIIECIOBAHHBIX MBIIIIAX KHBOTHOTO.
HaunboJpnree nx KOJMYECTBO HalIeHO B nuadparMe u ee Hoxxkax. OGHapyKeHHbIE TMYMHKH OTHOCHIIHCH K MHKATICYJIH-
PYIOIIMM U pacroJiarajlych B Karcysax IpynmnamMu Wiv no oaHod. Ha rucronorundecknx cpesax KarncyJibl HIMEJN TOJICThIE
KOJUIar€HOBBIE CTCHKHU, OKPYKEHHbBIC CHAPY>KU TOHKHMH COCIMHUTEIbHOTKAHHBIMU 000J04KamMu. Pe3ynbTaTsl Mopdo-
METPHU Karcyll OKa3ald, 4YTO OHH He OTJIMYAIOTCS [0 pa3MepaM B 3aBUCHMOCTH OT JIOKaJIM3alli| B Tele 6apcyka, popma
KarcyJl BO BCeX MBIIIIAX OblIa HOYTH KPYIJIOH.

Oocyacoenue u 3axntouenue. VInnexcwl GOpMbI Karcyil, paCCUUTaHHBIC M0 pe3ysibTataM MopdomeTpuu, Gosee Oau3Ku
K COOTBETCTBYIOIIMM TOKa3aressM T. nativa, uem T. spiralis, ojHaxo 3T0 He MO3BOJISET A€IaTh TOUHBIE BHIBOIBI OTHOCH-
TENbHO BUJOBOI NPUHAIC)KHOCTH TPUXHHEIUT, HOCKOJIBKY JUIsl TOYHOW JHArHOCTHKH HEOOXOJMMBI MOJIEKY ISIPHO-TCHE-
THYECKUE HCCICIOBAHUS WM HCIIOIb30BaHUE BeCTepH-00Ta. TakiuM 00pa3oM, H3ydeHHE paclpOCTPaHSHHUS H BUIOBOTO
COCTaBa TPUXUHEILI MO-TIPEKHEMY OCTAeTCs KpailHe akTyaJbHOH 3a1aueii, TpeOyoleil JanbHeHIINX NCCIIeI0BAaHMI KakK

B HAlllEM PErHOHE, TAK U 110 BCEMY MUPY.
Kunrouesie ciioa: Trichinella, Meles meles, rpuxuneiies, MophomMeTpust, THYHHKH, KaNCYIIbI

E.]IaFOIIapHOCTI/l. ABTOpBI CTaTbU BbIPAXaroT 6J'IaFOZ[apHOCTb OXOTHHKAM, MPEAOCTAaBUBIINM JJISI UCCIICJOBAHUA TYLLY

6apcyka. Taxxe aBrops! npusHaTenbHBl M.C. Kamure (AI'TY) 3a H3roToBiIeHNE TUCTOIOTHYECKUX CPE30B.

s murupoBanus. EsciokoB A.Il., Iloramenko M.O., 3enenkoB A.Il., 3enenkoBa ['.A. Tpuxuuemnes y Oapcyka
B PocToBckoit o6nactu (ror Poccun). Bemepunapnas namonozus. 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, 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
LevenhukL.ite 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).

! 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://munnpuponsipo.pd/upload/uf/5b8/n4ub6dzirgjhmt4tivn963j39r4zpdks/limity.pdf

(accessed: 05.06.2025 r.).
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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
Muscl le di le length (L .
US(.: e Number of capsules Capsule diameter Capsule length (L), Shape index (V)
examined (D), mm mm
Crura of the 20 0,44120,010 0,3490,008 0,797+0,020
diaphragm
Diaphragm 20 0,438+0,007 0,342+0,020 0,791+0,010
Intercostal 20 0,400,009 0,348+0,010 0,790-0,008
muscles
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 Conclusion. 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
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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 20242025, 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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OpMZMHa]leOE amnupudeckoe ucciedosatue

AHaTOMO-MOpP(doI0THYEeCKHE XAaPAKTEPUCTUKHU U NMATOJOTHYECKHE U3MEHEHHUsI Y OMPMAaHCKOI0
nutona (Python molurus bivittatus), BeIpaneHHOro B ycJ10BHAX HEBOJIH

E.H. JIio69enxo’ = X, MLIO. Apsuenko? ', JI.A. Ilonosa?
! IpumopcKuii rocyIapCTBEHHBII arpapHO-TEXHOJIOTHYECKHI YHUBEPCHUTET, I. Y ccypuiick, Poccuiickas ®eneparys
2 BeTepuHapHas KIMHMKa «XuMepay, I. Yccypuiick, Poccuiickas ®enepanust

< LyubchenkoL@mail.ru

AHHOTaLUA

Beeoenue. bupmanckuii nuton (Python molurus bivittatus) sisisiercst TpetsrM 10 BeTMYKEHE BUAOM 3MeHd B Mupe. B -
KOIi Iprpo/ie TaHHAs TOpPOoJa 3MEH Jare BCcero BeTpedaercs B crpanax FOxHoi u FOro-BocTowunoit A3nu, HO B mocien-
HHE OBl 3TH KPACHUBBIC M IIOKOPHBIE PEITIIIMN CTAJIH IOITYJIPHBI BO BCEM MHpe Kak JOMaIlHHe XHUBOTHbIEe. Conepixa-
HHEM W pa3BelcHHEM OMPMAHCKUX IIMTOHOB 3aHMMAIOTCS KaK CICHUAJMCTHI B 300IIapKax M Ha 300BBICTABKAX, TaK U
HempodeccHoHanbHble TIo0uTeH. [ coAepaHHs MUTOHA B JOMAUIHHX YCIOBHAX PEKOMEHIYEeTCsl MpHOOpeTaTh
0c00b, POKICHHYIO U BRIPAILICHHYIO B HEBOJIC, M CO3/1aBATh € YCIOBHS, IMUTHPYIOIIE €CTECTBCHHYIO Cpey OOUTaHHUS.
ITUTOHBI — BBIXOAIBI M3 TPOITMIECKOH U CyOTPONUYECKOH 30HBI, MOITOMY B JOMAIIHUX YCIOBHUIX YPOBCHB BIAKHOCTH
BO3yXa HYXHO MOJICPKUBATh HAa BBICOKOH OTMETKE, a PENTHIIMAM, BEIYIIUM MOJYBOHBINA 00pa3 *U3HU, 0OeCIeIHTh
€MKOCTbh C BOJIOH, B KOTOPOW OHU OYIyT UMETh BO3MOXKHOCTh KYIIAThCS, YTO OCOOCHHO Ba)KHO JJIs IPABUIIBHOM JTHHBKH
3Mmeil. K coxaseHuo, Bce Jale 3TH SK30THYSCKHE KUBOTHBIC CTAHOBSTCS MAMEHTaMH BETCPHHAPHBIX KIMHUK WU THO-
HYT 1O pa3HBIM NpH4YrHaM. L{enb uccinenoBaHns — yCTAaHOBUTH aHATOMO-MOP(]OJIOrnuecKre XapaKTepUCTHKH Y 0cobei
OUPMAHCKOTO ITUTOHA, BBIPAIICHHBIX B HEBOJIE, A TAKXKE MATOJOTHYECKUE H3MEHEHHS Y HUX NP THOCIH.

Mamepuanst u memoowt. B 2024-2025 1r. B BeTeprHapHYIO KIHHUKY «XuMmepay (T. Yccypuiick, [Tpumopcekuii kpait) mo-
CTYIIJIM [Ba TpyIa OMPMaHCKUX MUTOHOB (CaMell M CaMKa) M3 YAaCTHOM KOJUIEKIMH. J{JIsi yCTaHOBICHHS IPUYHHBI THOSITH
HPOBOIMIM LUTOJIOTUYECKOE, OAKTEPHUONIOTNYECKOe U TUCTOJIOTNYECKoe HccaenoBanue. VcenenqoBanue oCyIecTBIsuIOCh B
YCIIOBHSAX CEKIIMOHHOTO 3aJ1a MPH UCKYCCTBEHHOM OCBEILCHHH [0 METOY MOJIHOTO MAaTOJIOr0AHATOMHYECKOTO BCKPBITHS C
YCTAHOBJICHHEM METPHUICCKUX XapPAKTEPUCTHK OPraHOB, a TAKXKE MATOJIOTHMYCCKUX H3MCHCHHI B HUX.

Pezynvmamur uccnedosanus. OnpeneneHo, 94To MophoMeTpruIecKe IoKa3aTeIy Tejla 1 BHYyTPEHHUX OPTaHoB y caMIia
U CaMKH OMPMAHCKHX MUTOHOB OTIHYAIOTCS IO pa3MepaMm, 4TO CBS3aHO C BO3PACTOM, MPH 3TOM HEKOTOPHIE OPTaHbI
MMEIOT ITOYTH OJJMHAKOBYIO JUIMHY HE3aBHCHUMO OT II0JIa M BO3pacTa. Y CTAaHOBJICHO, YTO FMOENb caMia MPOHM30IIa TI0
NPUYHHE OCTPOH MTHEBMOHHH U BEPOSTHOTO YTOIUICHHS Ha ee oHe. [IpuanHoii rubeny caMKy cTaja ocTpast THEBMOHHS,
BbI3BaHHas Oaktepueir Ochrobactrum anthropi.

Obcyscoenue u 3aknouenue. T1oaydeHHbIe B X0/Ie HCCIICIOBAHUS JaHHbIE, KacaloIUecs: aHaTOMO-MOP(OIOrHuecKUX
XapaKTEePUCTUK BHYTPEHHUX OPraHOB caMiia ¥ CaMKH OMPMAHCKOTO IIMTOHA, & TAK)KE MaTOJIOTHYECKUX U3MEHEHHH B Op-
raHax npH THOENTH PENTHITHIA, MOTYT OBITh UCIOIB30BaHbI B pa00TE BETEPUHAPHBIX CIICIUAIUCTOB U T€PIIETOIOTOB.

KaioueBble ciioBa: GMpMaHCKHii MUTOH, aHATOMO-MOP(OJIOTHYECKAsT XapaKTePUCTHKa, MATOJOrHYeCKUe U3MEHEHNS,
ITHEBMOHWUS

BJ’IaFOZ[apHOCTPI. ABTOpBI TIPUHOCAT 6J'IaFO}Z[apHOCTI> BJIaJICJIBIY TUTOHOB, IPEJOCTABUBLICTO MATEPUAIT IJII UCCIIEJOBAHUS.

Jost murupoBanus. Jlro6uenko E.H., [Ibsuenko M.1O., [Tonoa JI.A. AHaToOMO-MOP(OJIOTHYECKUE XapaKTEPUCTHKH U
NaToNOrMYecKie u3MeHeHus y dupmanckoro nmtona (Python molurus bivittatus), BelpanieHHOro B yCIOBHUSIX HEBOIH.
Bemepunapnas namonozus. 2025;24(3):14-25. https://doi.org/10.23947/2949-4826-2025-24-3-14-25

Introduction. The Burmese python (Python Molurus
Bivittatus Kuhl, 1820) is a large and robust snake with dark

the phylum Chordata, class Reptilia, order Squamata, fam-
ily Pythonidae, genus Python, and species P. bivittatus [2].

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

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].

Animal pathology, morphology, physiology, pharmacology and toxicology
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The Burmese python has been listed as endangered in
Appendix |1 of the Convention on International Trade in En-
dangered Species (CITES). It has been listed as vulnerable
in the JUCN (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 choledoch 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. 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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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 me;Js:irte(r)Tfent Male zﬁfgf‘(ﬁz Female ;‘ﬁ:’i‘gj’
1 Body length cm 215 177
2 Tail length cm 105 48.8 21 11.8
3 Chest girth cm 65 - 145 -
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 35 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 55 451
13 | Length of the left kidney cm 155 7.2 10 5.6
14 | Length of the right kidney cm 185 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 14 2.2 1.2
18 | Length of the heart ventricle cm 35 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 155 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).

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
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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 mil/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

For Citation. Indyuhova EN. Subchronic Toxicity of D-Cyphenothrin-, Piperonyl Butoxide- and Pyriproxyfen-Based In-
secticide-Acaricide upon Its External Use in Laying Chickens. Russian Journal of Veterinary Pathology. 2025;24(3):26-33.
https://doi.org/10.23947/2949-4826-2025-24-3-26-33

© Indyuhova EN, 2025


https://doi.org/10.23947/2949-4826-2025-24-3-26-33
mailto:indyuhova@vniigis.ru
https://doi.org/10.23947/2949-4826-2025-24-3-26-33
https://orcid.org/0000-0003-3294-6119
https://crossmark.crossref.org/dialog/?doi=https://doi.org/10.23947/2949-4826-2025-24-2-29-42&domain=pdf&date_stamp=2025-06-30
https://creativecommons.org/licenses/by/4.0/

Indyuhova EN. Subchronic Toxicity of D-Cyphenothrin-, Piperonyl Butoxide- and Pyriproxyfen-Based...

OPMZMH(IJle()e amnupudeckoe uccnedosanue

Cy0xpoHnYecKasi TOKCHYHOCTh HHCEKTOAKAPHUIIMIHOTO Cpe/icTBAa HA 0CHOBe D-undeHoTpuHa,
NUIEePOHUIOYTOKCHIA M MUPUNIPOKCcH(EeHA IPU HAPYKHOM NPUMEHEHUH Y IMYHBIX IbIISAT

E.H. UnmoxoBa = D4

Bceepoccuiickuii HaydHO-UCCIE0BATENbCKUI HHCTUTYT (QYHIAMEHTAIBHON M NPHUKIAIHON Napa3sUTOJIOTHH KUBOTHBIX U PACTEHUH —
¢rman dexeparbHOTO rOCyIapCTBEHHOTO OI0OKETHOTO HaydHOTO yupexaeHus «DenepanbHblii HayqHBIH eHTp — Beepoccniickuit
Hay4YHO-HCCIIeI0BAaTeIbCKUI HHCTUTYT 3KcIiepuMeHTanbHoi BerepuHapun umenu K.W. Ckpsbuna u S1.P. Kosanenko Poccuiickoii aka-
ZieMuM Hayk», T. MockBa, Poccuiickas ®enepanus

< indyuhova@vniigis.ru

AHHOTaLUA

Beseoenue. Baenpenne 6e30macHbIX U 3((EKTUBHBIX HHCEKTOAKAPUIIMAHBIX CPEICTB C BOZMOXKHOCTBIO HX IIPUMEHEHHS
B IIPUCYTCTBHU NTHII I[P IKTOIIAPA3UTO3aX OCOOEHHO aKTyabHO JUIs SIMYHOTO NTHIEBOACTBA. PazpaboTka u BHeqpeHNe
HOBBIX IIPETIapaToB B BETEPUHAPHYIO MIPAKTHKY — CIIOXKHBIN Tpolecc, TpeOYIOINi BCECTOPOHHUX JTOKIMHUYECKHUX HC-
crnenoBanuii. Llenp paboTbl — HM3yueHHe cyOXpOHMYECKOH TOKCHYHOCTH HOBOTO HNPOTHUBONAPAa3HTapHOIO CPEICTBAa Ha
ocHoBe D-1udeHOTpHHA, MUIIEPOHMIOYTOKCHAA Y TMPUTIPOKCU(EHA U €0 BIUSHUS HAa TOMEOCTa3 SUYHBIX LBIIUIAT IPU
Hapy>KHOM IPUMEHEHUH.

Mamepuanst u memoos:. ccnenoBanne cyOXpoHHUECKOH TOKCHYHOCTH CpeAcTBa Ha ocHOBe D-nimdenorprHa, numnepo-
HIIIOYTOKCcHIa W TmpHunpokcudena Opuio mposeneHo B 2024 r. Ha IlomonbcKoi OMBITHO-TIPOW3BOACTBEHHOH 0aze
BHUUII — ¢punmana ®I'EHY OHI] BUDB PAH (r. MockBa). 15 mpimsT kpocca Xaiiceke YalT ObUTH pa3/ieieHbl Ha TPH
TPYIIIBL TI0 TIATH TOJIOB B Kaxkao. [lepen kaxmoit oOpabotkoit 5,0 %-Helii mpenapaT pa3BOAWIA BOIOH B COOTHOIIE-
Huu 1:1000. YcnoBHO 3a TepaneBTuueckyo 103y npuHumanu 10,0 mi Ha 0,3 kr Maccel Tena NTULEL. B IByX ONBITHBIX
rpymnmax NTHL 00pabaThiBalyd MEJIKOKAIelIbHBIM ONPBICKUBAHUEM C IIOMOLIBbIO MOMIIOBOTO OIPBICKMBATENS B JO-
3ax 33,3 ma/kr u 100,0 MII/KT' COOTBETCTBEHHO. LIBIMIAT M3 TpeThel KOHTPOJLHOW TpymIbl He oOpadareiBamu. OOpa-
6otku 0,005 %-HOit BOAHOI SMyJbCHEN JIEKAPCTBEHHOTO Mpernapara npoBoawn 6 pa3 ¢ uarepaiom 48 4. Kontposu-
pOBaJH y IBIIUIAT B JTUHAMHUKE MaccCy, TEMIepaTypy Tela, HeKOTOphle FeMaToJIOrnyeckie 1 OHOXUMUYECKUe TOKa3aTeIn
KPOBH, a TaKXKe YUYUTHIBAIH 0COOCHHOCTH NMOBEJICHUS, IIPHEMa KOpMa 1 BOJIBI.

Pe3ynomamut uccnedosanus. JJoCTOBEpHbIE N3MEHEHHS MACChl T€Na Y NTHIl U3 ABYX ONBITHBIX TPYII OTCYTCTBOBAIH.
CTraTHCTHYECKH 3HAaYMMBIX M3MEHEHUH HE BBISBIICHO NPH aHAIN3€ TEMIIEPATyphI Tea y IBIUIAT B TCUCHHE BCETO IKCIIE-
pPHMEHTA [0 CPABHEHUIO C KOHTPOJIEM. Y LBIIUIAT M3 BTOPOH OMBITHON IPYIIIBI B PE3YJIbTaTe 6-KPaTHOTO MPUMEHCHHUS
YBEJIMUYESHHOHN 03Bl NIperapaTa BBIBICHBI JlecTabMIN3alysl MoKa3aTeaeld CHCTEMbl KpacHONH KPOBH M CHIDKCHNE MHTEH-
CHUBHOCTH OEIKOBOTO OOMEHa, O/HAKO YyKa3aHHbIE W3MEHEHHsS HOCHIN oOpaTUMbIH xapakrep. COOTBETCTBEHHO,
103y 100,0 MJI/KT MOYKHO CUUTATh IOPOTOBOH, a 33,3 MII/Kr — HeAeUCTBYIOIICH (0e30macHoi).

Oocyacoenue u 3axmouenue. Ha Gone 6-kparHoro npumenenus 0,005 %-Hoit BOgHOI SMyYJIbCUM HOBOTO KOMOWHHPO-
BaHHOT'O MHCEKTOAKAPUIIUIAHOTO cpeacTBa B o3¢ 100,0 MJI/Kr OMMCaHbl CTATHCTHYECKH 3HAYUMbIC H3MEHEHHSI HEKOTO-
PBIX TOKa3aTesiel KPOBH y LBILIAT, OHAKO OHM HOCHIM OOpAaTHUMBIN XapakTep. YUHTHIBas TPEXKPATHOE yBEIHUYCHHE
TepaneBTHYECKON JI03bI B IKCTIEPUMEHTE, Y TIperapaTa MeeTcs rapaHTrs 6e30MacHOTO HApYKHOTO IPUMEHEHHUS B IIH-
POKOM JAnarna3oHe 7103. FIcxois U3 3TOro MO>KHO YTBEPK/AaTh, YTO TP MPOTHBOIAPA3UTAPHBIX 00padOTKaxX NCIOJIb30Ba-
aue 0,005 %-Hoii BOIHOW 3MYITbCHU KOMOMHHUPOBAHHOTO TIperapara B 1o3e 33,3 Mi/Kr Oyaer 6e30macHo [T MITHII.

KaioueBble cjioBa: HHCEKTOAKAPUIIMIHOE CPECTBO, CyOXpOHHUIECKast TOKCHYHOCTh, D-1indeHOTprH, MTUNepOoHnIOy TOK-
CHJl, TUPUIPOKCH(EH, IBITUIATA, TOKIMHUYECKHIE HCCIIETOBaHUS

Joas uutupoBanusi. Vamoxosa E.H. CyOxpoHndeckass TOKCHYHOCTh WHCEKTOAKapHIIMIHOTO CPelCTBa Ha ocHOBe D-
U eHOTPUHA, TUIIEPOHMIOYTOKCH A M TUPUTIPOKCH(EHA TPH HAPYKHOM MPUMEHEHUH Y SIMYHBIX IBIIUIAT. Bemepunap-
nas namonoaust. 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.

Animal pathology, morphology, physiology, pharmacology and toxicology

27


mailto:indyuhova@vniigis.ru
https://doi.org/10.23947/2949-4826-2025-24-3-26-33
https://orcid.org/0000-0003-3294-6119

https://www.vetpat.ru

28

Russian Journal of Veterinary Pathology. 2025;24(3):26-33. eISSN 2949-4826

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. Mironov!. The dosage
regimen and frequency of administration were chosen to
identify potential toxic effects on birds during long-term

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/m?; 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 mi/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).

1 Guidelines for conducting preclinical studies of medicinal products. Part one. Moscow: Grif i K, 201. 944 p.. URL: https://rsmu.ru/fileadmin/tem-
platessDOC/Zakon_RF/Mironov_Rukovodstvo_po_provedeniju_doklinicheskikh_issledovanii_lekarstvennykh_sredstv.pdf
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Dynamics of body weight changes in chickens (n=5), kg

Table 1

o First experimental .
Examination timeframes Control group Second experimental group
group
Before treatment 0.30+£0.00 0.29+£0.00 0.29+£0.01
After the 6" treatment 0.42+£0.01 0.41 +0.00 0.40+0.01
10 days after the 6 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 e;foel:ipmental Second experimental group
Before treatment 41.50+£0.15 41.70 £ 0.08 41.38+0.24
After the 6t treatment 41.22+0.17 41.58 £0.15 41.62+£0.17
10 days after the 6™ 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

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

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

Indicator, unit Examination First experimental Second experimental
) Control group
of measurement timeframes group group
Before treatment 2.64+0.14 2.59+0.06 2.68=0.12
Erythrocytes, After
1 294 +£0.12 2.82+0.11 2.73 £0.08
x10%/1 the 6% treatment
10 days after
2.86 £0.08 2.78 £0.06 2.92 +£0.08
the 6™ treatment
Hemoglobin, g/l Before treatment 122.60 £2.99 121.60 £3.12 125.40+£2.73
After
126.40 +2.93 122.60 +2.38 113.80 £2.52*
the 6™ treatment
10 days
127.40 + 2.66 128.60 +2.44 122.80 +2.75
after the 6™ treatment
Leukocytes, Before treatment 7.34+0.29 7.06 +0.58 6.88 £ 0.61
x109/L After
7.70 £0.26 7.66+ 0.42 7.91+0.39
the 6" treatment
10 days
7.86 +0,29 8.30+£0.26 7.92+0.29
after the 6™ treatment

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 6™ 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.l. 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 a-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

Examination timeframes

Control group

First experimental

Second experi-

measurement group mental group
Before treatment 37.80+0.92 3740+ 1.17 37.00£1.10
Total protein, g/l After the 6 treatment 39.40 £ 0,40 38.20 £ 0.58 35.80 + 1.02*
10 days after the 6™ treatment 39.80 £ 0.37 39.60 £ 0.51 39.00 £ 0.71
Before treatment 18.80 £ 0.49 18.60 £0.40 18.20+0.37
Albumins, g/l After the 6" treatment 19.00 £ 0.63 18.60 £ 0.24 17.60 £ 0.60
10 days after the 6™ treatment 20.20 £ 0.20 19.40 £ 0.24 18.80 £ 0.49
Before treatment 19.00 £ 0.45 18.80 £ 0.86 18.80 £ 0.86
Globulins, g/l After the 6 treatment 20.40 £ 0.51 19.60 + 0.40 18.20 £ 0.49*
10 days after the 6™ treatment 19.60 + 0.40 20.20 £ 0.37 20.20 £ 0.37
) ) Before treatment 30.40 £ 1.89 32.20+1.85 30.60+2.18
Alanine aminotrans-
After the 6 treatment 25.80+2.82 26.00 £ 2.45 21.80 +2.87
ferase, U/l
10 days after the 6" treatment 14.20 = 1.07 15.40 £ 0.68 15.00 £ 0.94
. Before treatment 271.80 +7.81 273.00 +8.70 277.80 +9.01
Aspartate ami-
After the 6! treatment 269.00 £ 3.69 257.00+5.16 245.60 + 6.68*
notransferase, U/I
10 days after the 6'" treatment 205.20 +7.77 210.00 +9.02 209.40 £9.21
Before treatment 27.60 £ 0.81 28.20 £ 0.97 27.80+0.58
Creatinine, pmol/l After the 6" treatment 29.20 +0.80 27.80+0.73 29.00 +£0.71
10 days after the 6'" treatment 28.80 + 0.80 29.20 £1.16 29.00 + 1.26
] ] Before treatment 1979.40 + 70.89 2001.60 + 80.69 2013.20 + 88.46
Creatine phosphoki-
Ul After the 6! treatment 2001.40 + 60.58 1843.60 + 26.02 1585.00 + 67.44*
nase,
10 days after the 6" treatment | 1947.00 + 44.47 2051.40 +47.98 1895.60 + 68.71
Before treatment 3.56+0.12 3.60+0.14 3.58+0.14
Cholesterol, mmol/l After the 6 treatment 3.92+0.10 3.70+£0.15 3.88+£0.12
10 days after the 6™ treatment 3.98+0.16 3.78 £0.11 3.70+£0.10
Before treatment 0.57 £ 0.04 0.53+£0.05 0.59 £ 0.04
Triglycerides, mmol/Il After the 6 treatment 0.56 £0.04 0.52 £0.04 0.55+0.03
10 days after the 6™ treatment 0.66 £ 0.04 0.62 +£0.04 0.59+£0.01
Before treatment 12.46 £ 0.42 13.42+0.21 13.06 £ 0.39
Glucose, mmol/l After the 6 treatment 12.72 +£0.30 12.58 £0.35 12.24 £0.27
10 days after the 6™ treatment 13.02+0.26 13.18£0.32 12.34+0.29
Before treatment 1351.80 +35.03 1322.80+42.71 1286.40 +31.20
Lactate dehydrogen-
Uil After the 6 treatment 1413.20 £ 52.41 1343.40 +£79.28 1335.00 £ 26.61
ase,
10 days after the 6" treatment | 1395.00 + 33.86 1361.20 + 30.69 1439.40 + 48.55
Before treatment 326.80 +12.17 357.40 +24.02 320.20 £ 10.86

a-Amylase, U/L

After the 6 treatment

311.60 +11.99

318.00+11.73

301.40 £21.85

10 days after the 6! 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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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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AHHOTAIIMA

Beseoenue. OnHUM U3 4aCTO BCTPEUAIOIINXCS BUIOB OHKOINIATOJIOTHH SIBIISIFOTCS TMM(orposndepaTuBHbIe 3a00IeBaHMs,
B YAaCTHOCTH, TMM(pOMBIL. 3a001eBaHHSA OTIIMYAIOTCS CI0KHBIMU MEXaHN3MaMH1 Pa3BUTHUS, MHOJKECTBOM 3THOJIOTHUECKHX
(akTOpOB M pa3HOOOpazneM OHoNornu UX noBeneHus. Kpome Toro, 0OMIHOCTE MPOUCXOKICHUS TUM(POUIHBIX KIETOK
JieNIaeT pa3JInuHble THITBI TUM(POM MOP(OIIOTHYECKN CXOAHBIMU U 3aTPYAHSET UX JUArHOCTUKY. 30JI0TBIM CTaHJapTOM B
JIMarHOCTHKE OHKOJIOTMYECKOH MaTOJIOTUH OBLIO, €CTh U OyaeT Mopdooruyeckoe uccienoBanue. OMHaKo Juis aJieKBat-
HOHN AMarHOCTHKH OHKOJIOTHYECKUX 3a00JI€BaHUH y KMBOTHBIX OTCYTCTBYIOT Y€TKHE MOP(OIIOrHIecKne KpUTEpHH, TH-
CTOJIOTHYECKHE KiIacCHU(UKaAIMU, XapaKTepU3YIOIUe pa3InyHbIe THITB OIyX0Jel. Brlen3ioxeHHoe IUKTyeT HaCTOs-
TEJIbHYI0 HEOOXOIMUMOCTh B TIIATEILHOM H3YYEHHH Pa3IM4YHBIX MOP(OJIOTHYECKUX THIOB JUM(POM M BBIIBICHUH HX
muddepeHransHO-TMarHOCTHIECKIX NPU3HAKOB. Llenb JaHHOTO MccinenoBaHus — M3ydeHHE MOP(HOIOTHIECKIX TPH-
3HAKOB M THCTOTCHE3a HOAAIbHON TMMQOMBI y COOaK I OOJIETYECHHSI TUArHOCTUKHN U pa3pabOTKH 3 (HEKTHBHBIX MPO-
TOKOJIOB TapreTHOU TepaIuu.

Mamepuanvt u memoovl. OOBEKTOM HCCIEOBaHUS, NMPOBEJCHHOIO Ha 0a3e CeTH BeTepHHApHBIX Jaboparopwuii
«BETJIAB» (r. Mockga) B mepuoz ¢ saapst 2024 r. o ssHBaps 2025 r., cranu muMdaTHdecKue y3Isl co0ak ¢ mpu3HaKaMu
MOpa)XeHUs! HopaibHOU IruMpomoit. Bee mpoOsr (N = 30) mpomuiy rucToI0rn4ecKyto NpoOOIoAroTOBKY 110 CTaHAapPTHOM
OOIIENPHHATON METOUKe. BblIM Moy4eHbl THCTONIOTHYECKHE Npenaparhl, OKpalleHHbIe TeMaTOKCHIIMHOM U S03MHOM,
U BBITTOJTHEHA MUKpocKomnus. [IpoBeneHa cpaBHUTENIbHAS OLICHKA, U COIIOCTAaBIICHBI CIEAYIONIIE MOP(HOIOrHIEeCKUE KPH-
Tepur: GopMa pocTa OIyXOJIH, PacpOCTPAHEHHOCTD OIYXOJIH B TKaHH, CTPOCHHE OITyXOJIEBBIX KJICTOK, pa3Mep U PacIo-
JIOXKEHHUE siep, CTPYKTypa XpOMaTHHA, HAJTUIHE MUTO30B, MUKPOOKPYKEHHE OITyXOJIEBBIX KJICTOK.

Pesynomamot uccnedosanus. Vzydast o0coOEHHOCTH HOJAIBHBIX JTUM(OM co0aK ITOCPEICTBOM MUKPOCKOIINH, BEISBHIN
PSi CYIIECTBEHHBIX AN depeHIINATbHO-IUATHOCTHYECKHUX TPU3HAKOB, O3BOJISIIONINX Pa3AeiaTh JJuM(oMbl Ha Mopdo-
JIOTHYECKUE BapUAHTBI: KPYITHOKJIETOYHYIO U MEJIKOKIIETOUHYIO JIMM(OMY, UMMYHOOJIACTHBIN, IEHTPOOIACTHBIHN U JTUM-
(dobnacTHpIi KIeTOuHbI THH. K NMPOrHOCTHYECKHM INpH3HAKaAM OTHECNH: NpoiuepaTuBHBIN HHACKC, AUPPY3HYIO
(opmMy pocTa, KIEeTOYHOE MUKPOOKPY>KEHHNE, BACKYJIIPU3ALIMIO TKAHN OITYXOJIH.

Oécyancoenue u 3aknouenue. B xone nccneoBaHus BBIICTHIN OCHOBHBIE MOP(OIOTHYECKHE BAPUAHTHI U KIJIETOYHbIE
THUIBI HOJANBHBIX TUMpoM cobak. Omnpenenunin Mopdosiorudeckue 0cCoOeHHOCTH U A PepeHInaIbHO-HarHOCTHYe-
CKHE KPUTEPHH ISl MUKPOCKONIMYIECKOTro n3ydeHus tumdom. [lomyueHHbIe JaHHbIE MOTYT OBITH NCTIOIH30BAHBI ISt MOP-
¢onornueckoit Bepudukanuy JuMdpom codak B MOBCEAHEBHOI ITPAKTHKE MATOJIOTA, a TAK)XKE JIEYb B OCHOBY I'MCTOJIOTH-

YecKOH KJIacCH(pUKanuy omyxoien JINMGOUTHON TKaH! Y )KUBOTHBIX.

Kaiouesble cioBa: mumdoma, HoaabpHas tuMdoma, tuMbaTrudeckuil y3en, MUKpoIpenapar, TKaHb, TuMQo0daacT, uMm-

MyHOOJAcT, IEHTPOIINT, IEHTPoOIacT, cobaku

Baaropapuocru. Bripakaem 0narofapHOCTb OTHENICHUIO NAaTOMOP(OJIOTHH CETH BETEpPHHApHBIX JabopaTopuit

«BETJIAB» (r. MockBa) 3a 6eCKOPBICTHYIO TOMOIIb B IOJA00pKE 1 00paboTKe TKAaHEBOTO MaTepralia I HCCIEJOBAHUS.
dunaHcupoBanue. PaboTa BeINoNHEHA HA CpesICTBa ceTH BeTepuHapHbIX 1adoparopuii «BETJIAB» (r. Mocksa).

Joas uutupoBanus. Mutpoxuna H.B., Coraukosa JI.D. Mopdonornueckre cBoicTBa U TUCTOT€HE3 HOJAIBHOM JINM-
bomsl y cobak. Bemepunapnas namonozus. 2025;24(3):34-42. https://doi.org/10.23947/2949-4826-2025-24-3-34-42
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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 pm 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 x100, 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

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 x400 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, X400 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 20.0
Immunoblastic 33.3
Centrablastic 46.7
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Fig. 3: a— immunoblastic cell type of large-cell nodal lymphoma;
b — centroblastic cell type of large-cell nodal lymphoma. Hematoxylin and eosin staining, x400 magnification
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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 x400
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Fig. 5. Results of the study of cell types of canine nodal lymphomas (n = 30)
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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
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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 Methods. 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 Conclusion. A new approach to obtaining connective tissue equivalents from rabbits was developed by
optimizing MMSC:s 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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OPMZMHaJleOe amnupudeckoe uccieoosanue
Pa3padoTka MeTOAUKH MOJTydeHUs] OHOIKBUBAJIEHTA COEIMHUTEIbLHON TKAHU KPOJIHKA

C.H. I'oaoBun = D4, E.FO. Kupuuenko -, I.A. CenoBa
JIoHCKOM rocy1apCTBEHHBII TeXHUYECKHI YHUBEpCUTET, T. PocToB-Ha-/lony, Poccuiickas ®enepanus

P<labbiobez@yandex.ru

AHHOTaUA

Bseoenue. Knerounas Teparmist 1 TKaHEBasi HEDKEHEpHs 00J1a1a10T 3HAYUTEIIFHBIM OTEHIINATIOM IPUMEHCHUS B BETEPUHAPHH,
OJIHAKO UCIIOJIb30BaHUE JAHHBIX TEXHOJOIUM B Poccuiickoil denepayiv B HACTOSILIEE BPEMSI OTPAaHUUYEHO M3-32 OTCYTCTBUS
CTaHIAPTHU3NPOBAHHBIX MPOTOKOJIOB BBIIENICHUS KIIETOK, TI0100pa JOHOPOB M CO3MIAHMS TKAHEBBIX SKBUBAIECHTOB. OCo0yIO
aKTyaJbHOCTB JUIS KIIMHUYECKON BeTEPUHAPHN UMEET Pa3pad0TKa METOMKHU MOTydeHIS OMOSKBUBAJICHTA COSTUHNTEIHLHOM
TKaHH, BeJIb OHA COCTABJICT JI0 MOJOBHHBI MAaCCHI TEJa U SBJISCTCS OCHOBOM U HOPMAJIBHOTO (hDYHKIIMOHHPOBAHUS KOXH,
CITM3HCTHIX 000JI0YCK U BHYTPCHHUX OPTaHOB )KUBOTHBIX. L[enb uccnenoBanus — pa3padoTaTh METOIUKY MOTYUCHHUS TKaHe-
BOTO SKBHBAJICHTA COCTHHUTEIILHOM TKAHHU KPOJIHKA.

Mamepuanst u memoowt. ViccienoBanue nposeneno Ha 6aze AI'TY B nepuox ¢ 13 HosOpst 2023 1. mo 17 mapra 2025 r.
OOBEKTOM HMCCIICIOBAHUS BBICTYIHIA MYJIbTUIIOTCHTHBIC ME3CHXUMaNIbHBIC CTBOJIOBEIC KiteTku (MMCK) u pubpobina-
CTBI B3pOCIBIX caMIoB Kposnka. @epMeHTHRIME MeTonamu ObuH BhInesneHsl MMCK 3 Oombimoro caapbHHKa U (PHO-
poOIacThl U3 KOXKH KUBOTHHIX. [loiTydeHbI cTaOMIIbHBIC KYJIBTYPHI KIETOK, HCCIeNOoBaH X AuddepeHInpOBOYHEIH TO-
TEHIIMAN PU MHUOTEHHOW W JIUIMOTCeHHON UHAYKIUH N Vitro. C npuMeHeHHeM dKCTpy3uoHHO#H 3D-0noneyaru co3aansl
SKBHBAJICHTH COCIUHUTEIBHON TKaHHU, MOP(OIOTHIECKHE CBOMCTBa KOTOPOU M3YYCHHI C ITIOMOIIBI0 CBETOBOH, KOH(O-
KaJbHOH W 3IIEKTPOHHON MUKPOCKOIIHH.

Pesynomamot uccnedosanus. innykuus Habopamu paxropos obecrneunia nuddepenimposky MMCK B aaumno- u muo-
TeHHOM HaIlpaBJeHHU. AUNoreHHas AudpepeHpoBKa COMPOBOXKAATIACH 00pa30BaHUEM JIMITHHBIX Kareib, MUOTCH-
Hast — GpopMHUpoBaHKEM MHOTpYyOouek. 3D-0noneyars no3ponuia chopMUPOBATH IKBUBAJICHTH! COCANHUTENILHOM TKaHH
C COXPaHCHUEM JKHU3HECIIOCOOHOCTH KJIETOK, Pa3BUTUEM MEKKICTOYHBIX KOHTAKTOB M aKTHBHOM CEKpeIlUeH B TCUCHUE
He MeHee 72 4.

Oécyacoenue u 3axniouenue. PazpaboTaH HOBBIN MOAXOJ K MOIYYCHHIO TKAHEBBIX SKBHUBAJICHTOB COCTUHUTEIHHON
TKaHU KpPOJMKa OJlaromaps ONTUMH3AIMHA MeTo0B BhieieHus u audpdepenmuposkn MMCK. ChopmupoBaHHbIe KOH-
CTPYKTHI POJEMOHCTPHPOBATH MOP(HOPYHKITHOHAIBEHYIO aKTHBHOCTB, YTO OATBEP)KJACT HEPCIEKTUBHOCTD MX IIPHMe-
HEHUS B KJIMHUIECKOH BETEpHHAPHH JJIs1 peTeHEePalii COSAMHUTEIFHON TKAaHHU U B 3KCTIEPUMEHTAILHBIX HCCIICIOBAHUAX.
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dunaHcupoBanue. MccienoBanue BHIIONHEHO TPpU (UHAHCOBOI NMOAJIEPIKKE TpaHTa MUHKUCTEPCTBA HAYKH U BBICIIETO
obpazoBanust PO Ne FZNE-2024-0004.

Jas muruposanus. ['onosun C.H., Kupnuenko E.1O., Cenosa /I.A. Pa3zpaboTka METOANKHY MOJTy4yeHUs ONOIKBUBAJICHTa
COEIMHUTENILHON TKAHU Kposiuka. Bemepunapnas namonozusi. 2025;24(3):43-52. https://doi.org/10.23947/2949-4826-
2025-24-3-43-52

Introduction. Nowadays, cell technologies based on  to replace animals in research and reduce their number,

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

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].
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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 umol dexamethasone, 100 pmol indomethacin, 500 pmol
3-isobutyl-1-methylxanthine, and 10 pg/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 umol 5-azacytidine, and 50 umol 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 Al-based algorithm, YOLOvV8S-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 10® cells per
1 ml of hydrogel, by mixing them between two syringes
containing the hydrogel, connected by an adapter.

c)
Fig. 1. Light microscopy of the obtained cell cultures, scale bar represents 200 pm: a — MMSCs; b — myosatellite cells;
¢ — fibroblasts; d — lipoblasts

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 x 40 X 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.

6)
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Fig. 2. Appearance of the 3D-bioprinted construct stabilized by Ca?*

Figure 3 shows a micrograph of semi-thin sections of a Three-dimensional reconstruction of a SYTOX®
fragment of the construct after 72 hours of cultivation. It ~ Green-stained tissue equivalent fragment after 72 h of cul-
contains round and spindle-shaped cells uniformly distrib-  tivation (Fig. 4) demonstrates the integrity of cell nuclei
uted within the matrix, with elongated processes and cyto-  and normal chromatin density
plasmic outgrowths.

b o R N -.‘,.'.q ; 3

100 mim

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 x 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 um: F — fibroblast, L — lipoblast, nucl. — nucleus, n. — nucleolus,
r —rough endoplasmic reticulum, Id— 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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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 um, the b scale to 0.5 pm.
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, Id — 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 uM dexa-
methasone, 100 puM indomethacin, 500 uM 3-isobutyl-1-
methylxanthine, and 10 pg/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
uM 5-azacytidine, and 50 pM 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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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, BPI1V-3, BVD, cattle,
white mice, rabbits
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AHHOTaLUA

Beseoenue. NH(DEKIIMOHHBIE pECTUPATOPHO-KHUIIIEYHbIE OOJE3HH KPYNMHOTO POraToro CKOTa SBISIFOTCS MHOTO(AKTOP-
HBIMH 3200JI€BaHISMH, YTO 00YCJIaBINBAET ACCOLMUPOBAHHYIO BUPYCHYIO WIIN BUPYCHO-0aKTEpHAIbHYIO STHOIOTHIO TE-
YeHUsI MH(EKIIMOHHOTO MPOIIECca CPeIU PA3IMIHOTO ITOTOJIO0Bh NPOAYKTHBHBIX KHBOTHBIX. bopsba ¢ pecrmparopHo-
KUIIECYHBIMH ACCOILMUPOBAHHBIME HMH(EKIUSIMH KPYITHOTO POTATOTO CKOTa BENETCS B IMOAABIAIONIEM OOJBIIMHCTBE
cTpaH Mupa U TpedyeT 3 (GEeKTUBHBIX Mep U mpenapaToB. Llenpio uccnenoBanus SBUINCH TOKIMHUUECKHE UCTIBITaHUS
9KCIEpUMEHTAIBHON cepun «AccoruupoBanHoi BakuuHel npotuB UPT, BJI-BC, I1I'-3 u xmamuano3a KpynHOTo pora-
TOI'0 CKOTa MHAKTUBUPOBAHHOM 3MYJIbCUOHHOW», YCOBEPLUICHCTBOBAHHOM 3a CUET PACIIUPEHMs CIEKTPa XJIAMUJUITHOTO
aHTUTEHA, Ha OeJIbIX MBIIAX U KPOJIHMKaX.

Mamepuanvt u memoowvt. VicnbiTanus 1poBeAeHbl B JIaDOpaTopuM BHPYCHBIX 3abosieBaHuii kuBoTHBIX PI'BHY
«DUTPB-BHUBW» (1. Kazans) B mepuon ¢ gespanst mo HosiOps 2024 r. Beumi U3roTOBICHEI IBa BapuaHTa Onorperna-
para: cTaHAapTHas aCCOLIMMPOBAHHAS BAKIIMHA U SKCTIEPUMEHTAIIbHAS, B COCTAB XJIAMHUHHOTO aHTUI€HA KOTOPOH ObLIN
nmobasieHb! mTaMMBl «AMK-16» n «M3-89». B xadecTBe 1a00paTOpHBIX KUBOTHBIX BBICTYIIUIN OEJIbIe MBIIIH U KPO-
JIMKH. BakuyHbI ONIeHUBAIICH HA CTEPUIIBHOCTD, 0€3BPEAHOCTH, IEPEHOCHMOCTbD, aHTUTCHHYIO aKTHBHOCTD, BIMSIHUC HA
(hopMHpOBaHUE TYMOPAJILHOTO IIPOTUBOBUPYCHOTO HMMYHHUTETa, IMMYHOT€HHOCTb.

Pesynomamot uccnedosanus. beiio nokasaHo, 4to 00a BapuaHTa acCCOUMMPOBAHHOW BaKI[MHBI CTEPHIIBHBI, OC3BPEIHBI
1 XOPOLIO MEPEHOCATCS TA00PATOPHBIMH KUBOTHBIMU. I3MeHeHHe cocTaBa XJIaMUAMHHOTO aHTUT'€HA ACCOLIMUPOBAHHOM
BaKI[MHBI HE 0KA3aJI0 HETATUBHOT'O BIHMSHUS Ha ()OPMUPOBAHUE IPOTHBOBUPYCHOTO I'YMOPAIbHOTO HUMMYHHTETA Y J1a00-
PATOPHBIX JKUBOTHBIX. YPOBEHb CHEUNU(UYECKUX MPOTHBOXIAMMIUMHBIX aHTHUTEN Y KPOJIMKOB, HMMYHU3UPOBAHHBIX
YCOBEPIICHCTBOBAHHON BaKIMHOM, OBIT BBIIIE, Y€M B TPYIIE KPOJIUKOB, MIPUBUTHIX MPENapaToM, U3TOTOBIEHHBIM 10
CTaHAapTHOM MeToauKe. IHIeKe 3aunThl B TpyIIe OeNbIX MBIIICH, IPUBUTHIX YCOBEPIICHCTBOBAHHBIM IIPEIapaToM, OB
B 1,3 pasa BbIIIe, IO CPABHEHHUIO CO CTAHAAPTHBIM 00Pa3OM.

Oocyscoenue u 3axnouenue. Ha 0CHOBaHNY MOJTyYEHHBIX JAHHBIX MOXHO 3aKJIIOUHTh, YTO YCOBEPILICHCTBOBAHHAS aCcCO-
IIMAPOBaHHAs BaKIWHA, KaK M CTaHIapTHasl, XOPOIIO MEPEHOCUTCS JTa00PaTOPHBIMU JKUBOTHBIMH. Pacuipenue crekrpa
XJIAMUJIMAHOTO aHTUreHa «AccouurpoanHoi BakuuHbsl npotuB UPT, B-BC, -3 u xnaMuano3a KpynmHOro poraroro
CKOTa» JIOTIOJHUTEIFHBIMU IITaMMaMH HE TOJIbKO HE OKa3ajio HeraTuBHOTro 3¢ ¢ekra Ha (GpopMHUpOBaHHE TYMOPAIHLHOIO
MIPOTHBOBUPYCHOI'O HUMMYHHTETA Y JTaOOPAaTOPHBIX JKUBOTHBIX, HO 00JIee TOTO — CTHMYJIHPOBANO BBIPAOOTKY TyMOpPaib-
HOT'O OTBETA B OTHOIICHUH XJIaMHJUHHOTO aHTUIe€Ha, CIIOCOOCTBYS MOBBIIICHUI0 UMMYHOT€HHOCTH BaKLUHBI B 1,3 pasa.

KiroueBble c10Ba: JOKIMHUYECKHE HCIBITAHUS, ACCOLMHPOBAHHAS BAKIIMHA, aHTUTCH, UMMYHOT'€HHOCTh, IITAMMBI,
xmamunuu, UPT, I1I'-3, BA-BC, xpynHbIit poratslii CKOT, 6€JIbIe MBIIIH, KPOJIHUKH

Jos unutupoBanus. Esctudees B.B., Axbames U.P., Xycannos d.M., Sxosnes C.U., Xamunyniuna P.3, iBanosa C.B.
JlokMHUYeCcKHe UCIBITaHKsl YCOBEPIIEHCTBOBAHHOM «AcconuuposanHoi BakuuHsl npotus UPT, B/I-BC, I1I'-3 u xna-
MUJIN032 KPYITHOTO POraToro CKOTa MHaKTHBUPOBAHHOM SMYJIL,CHOHHOW» Ha OENbIX MBIIIAX M KposinKax. Bemepunapnas
namonoeus. 2025;24(3):53-64. https://doi.org/10.23947/2949-4826-2025-24-3-53-64

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-
6'87TC|D50/m|;

— 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 cm?. 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 cm? 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:

X=2 (1)
where X — Protection index; A — number of dead animals
in control groups; B — 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
30" day 60" day 90" day | 180" day
1 1:80 1:1280 1:1280 1:1280
2 1:80 1:640 1:1280 1:1280
Standard 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
BPIV-3/HI test 1 1:160 1:1280 1:1280 | 1:1280
2 1:160 1:1280 1:2560 1:2560
Experiment 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
1 1:1600 1:3200 1:6400 1:6400
2 1:400 1:3200 1:3200 1:3200
Standard 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
IBR/ELISA 1 1:400 1.400 1.1600 | 1:1600
2 1:400 1:1600 1:6400 1:3200
Experiment 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
1 1:1600 1:6400 1:6400 1:3200
2 1:1600 1:1600 1:3200 1:6400
Standard 3 1:800 1:800 1:1600 1:1600
4 1:800 1:1600 1:3200 1:1600
BVD /ELISA Mean titer 1:1200 1:2600 1:3600 1:3200
1 1:800 1:1600 1:3200 1:800
2 1:1600 1:3200 1:3200 1:3200
Experiment 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
1 1:20 1:20 1:80 1:80
2 1:20 1:20 1:40 1:40
Standard 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
Chlamydia /CF- test 1 1:20 1:40 1:80 1:80
2 1:40 1:80 1:160 1:80
Experiment 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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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 Number of dead
vaccine for Strain for infection animals Surviving animals Protection index
immunization
“250” 4 11 3,5
“PS-85 12 4,3
Standard (PC-85)”
“AMK-16" 4 11 3,75
“MZ-89 3 12 4,7
(M3-89)”
Total accross groups 14 46 4
“250” 3 12 4,7
“PS-85 13 6,5
Experiment (PC-85)”
“AMK-16” 2 13 7,5
“MZ-89 2 13 7
(M3-89)”
Total accross groups 9 51 6,2
“250” 14 1 -
“PS-85 13 2 -
Control (PC-85)”
“AMK-16” 15 - —
“MZ-89 14 1 -
(M3-89)”
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
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